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CCCXCV.—Experiments on the Synthesis of Siteineaidns 
Possessing the Ladenburg Formula. PartI. Associated 
Three-carbon a — he Ernest HaRro_p 
FARMER . ‘ 

CCCXCVI.—The Chemistry of ‘the Glutaconic Acids. Part 
XV. Three-carbon Tautomerism in the cycloPropane 
Series. Part II. By Frank Rosert_ Goss, 
CHRISTOPHER KeELK INGOLD, and JOCELYN FIELD 
THORPE ‘ ‘ ° ° ° ° ° 

CCCXCVII.—The Tautomerism of Amidines. Part III. 
The Alkylation of Open-chain Amidines avons 
By Frank LEE Pyman . : 

CCCXCVITI.—Bromonitrocoumarins “k their Reaction 
with Alkalis. By Biman Brnart Dey and Karnap 
KrisHna Row ‘ ° ‘ ° 

CCCXCIX.—Diazo- a ern of Aminocoumarins and 
Aminonaphthapyrones. 7 Biman BrnaRi Dey and 
Haripas DALAL 

CCCC.—The Freezing-point Cuanten of nies? Mixtures of 
some Substituted Acetanilides. By Giyn OwrEn 


Van Der Waals Memorial Lecture. Delivered on November 
8th, 1923. By Dr. Jamzs Hopwoop Jzans, Sec. R.S. 


Norres.—An Improved Filter-pump. By Kenneta CLAUDE 
DEVEREUX HICKMAN y 


A Laboratory Water Motor. By KENNETH CLAUDE 
DEVEREUX HICKMAN ‘ ; : ° ° 


CONTENTS. 


A Thermostat Refrigerator. "7 KENNETH CLAUDE 
DEVEREUX HICKMAN 


Sulphur Dioxide as an Oxidising pn By esiiias 
WARDLAW and NorMAN DarRBy SYLVESTER 


The Reaction between p-Dibromobenzene and incase 
By HERBERT SHEPPARD PINK . 


Action of Hydrazine Hydrate on Phenanthraquinone. By 
SIKHIBHUSHAN Dutt and Nirmat Kumar Sen . 


OpituARY NorTICcES 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, January 18th, 1923, at 
§ p.m., Sir James WALKER, D.Sc., F.R.S., President, in the Chair. 


The President referred to the loss sustained by the Society, 


through death, of the following Fellows : 


Elected. Died. 


Georg Lunge (Honorary Fellow) March 4th, 1909. Jan. 
Alfred Edward Carey Feb. 16th, 1888. Dec. 
Robert George Grimwood May 4th, 1893. Dec. 
William Alfred Squance Feb. 17th, 1921. Dec. 
John Robert Tustin Feb. 2nd, 1871. Dec. 
Frank Edwin Weston June 16th, 1898. Jan. 


The PRESIDENT announced : 


3rd, 1923. 
30th, 1922. 
24th, 1922. 
9th, 1922. 
24th, 1922. 
4th, 1923. 


That the following vacant places fall due to be filled at the 
Annual General Meeting on March 22nd, 1923, in accordance with 


the Bye-Laws : 


President . ide One vacancy. 


Vice- Pisitdents who ene filled the died of 


President a Two vacancies. 


Vice-Presidents who hive not filled the office 


of President ... ad a th .... Three vacancies. 
Treasurer ... ion He ave wa ... One vacancy. 


Ordinary Members of Council : 


(a) Town Members (i.e. those living within 


a radius of 50 miles from London) .... Three vacancies. 


(b) Country Members (?.e. those living beyond 


a radius of 50 miles from London) ... Three vacancies. 


The Council has nominated Prof. W. P. Wynne to the office of 


President. 


It has also nominated Prof. J. F. Thorpe to the office of Treasurer. 
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The names of the Members of Council who retire at the Annual 
General Meeting on the 22nd March, 1923, and who are ineligible 
for re-election to the same office until the lapse of one year, are as 
follows : 


President : 
Sir James Walker. 


Vice-Presidents who have filled the office of President : 
Prof. H. E. Armstrong, Prof. W. H. Perkin. 

Vice-Presidents who have not filled the office of President : 
Prof. F. 8. Kipping, Prof. S. Smiles. 

Ordinary Members of Council : 


(a) Town Members : 

Prof. A. J. Allmand, Mr. F. H. Carr, Prof. J. M. Thomson. 
(6) Country Members : 

Prof. T. S. Patterson, Mr. W. Rintoul, Prof. R. Robinson. 


Messrs. L. Bains, J. W. Farmery, and C. A. Silberrad were form- 
ally admitted Fellows of the Chemical Society. 


Certificates were read for the first time in favour of : 


William Bennett Adam, B.A., Belcaro, Enfield, Middlesex. 

Alfred Berthoud, The University, Neuchatel, Switzerland. 

Ernest Alfred Blench, 74, Squires Lane, Finchley, N.3. 

Joseph Cofman-Nicoresti, 16, Crediton Hill, N.W.6. 

Augustine Malcolm Manhkram David, B.Sc., Murray College, Sialkote, India. 

John Norman Dean, B.Sc., A.I.C., Goodbury, Kemsing, Sevenoaks. 

Albert Edward Gray, 23, Gauden Road, Clapham, S.W.4. 

Laurence Horton, B.Sc., A.R.C.S., 45, Steade Road, Sheffield. 

Joseph Kenneth Marsh, M.Sc., 28, Lansdowne Road, Belfast. 

Dhirendra Nath Mukerji, M.Se., 1, Gobinda Bose Lane, Bhowanipore, 
Calcutta. 

George Alan Redfern, B.A., 44, Talbot Road, Highgate, N. 6. 

Andreas Smits, The University, Nieuwe Prinsengracht 126, Amsterdam. 

John Smeath Thomas, D.Sc., 179, Kingsley Road, Liverpool. 

John Thompson, 20, Marchmont Road, Edinburgh. 

Hubert William Thorp, B.Sc., 92, Queen’s Road, Dalston, E. 8. 


A Certificate has been authorised by the Council for presentation 
to ballot under Bye-Law I (2) in favour of : 
Clinton N. Laird, M.A., Canton Christian College, Canton, China. 


The following papers were read : 
“The estimation of acetone in methyl alcohol and the purification 
of methyl alcohol by sodium hypoiodite.” By H. H. Barss, 
L. M. Muwwatry, and H. B. Hartiey. 
** Rhythmic crystallisation.””’ By W. E. GARNER and F.C. RANDALL. 
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“The densities of dilute solutions of potassium salts and the 
volume changes occurring on solution.” By H. B. HARTLEY 
and W. H. Barrett 

“The chemistry of the glutaconic acids. Part XIV. Three 
carbon tautomerism in the cyclopropane series. (Addendum).” 
By F. R. Goss, C. K. INGoxp, and J. F. THorPE. 


LECTURE. 


On Thursday, February 22nd, 1923, at 8 p.m., in the Lecture 
Hall of the Institution of Mechanical Engineers, Storey’s Gate, 
§.W.1., Principal J. C. Irvine, C.B.E., F.R.S., will deliver his 
Lecture entitled “Some Constitutional Problems of Carbohydrate 
Chemistry.” 


THE PATERNO MEDAL. 


A Committee has been formed at Rome to celebrate the 75th 
birthday of Professor Emanuele Paterno, the well-known Italian 
Chemist, who is one of the Honorary Fellows of this Society. It 
is proposed to institute a Paterno Medal to be awarded annually 
to the chemist in Italy or elsewhere, who makes the most important 
discovery of the year. Subscriptions towards the institution of 


this medal will be welcomed, and any British contributions can 
be forwarded through the Treasurer of the Chemical Society. 


List of Papers received between December 22nd, 1922, and 


January 18th, 1923: 


“The estimation of acetone in methyl alcohol and the purification 
of methyl alcohol by sodium hypoiodite.”” By H. H. Barss, 
L. M. Muxuaty, and H. B. Harrtiey. 

“Derivatives of semioxamazide. Part I. Ketonic semioxam- 
azones.” By F. J. Witson and E. C. PICKERING. 

“The constitution of catechin. Part V. The conversion of 
acacatechin tetramethyl ether into the tetramethyl ether of 
high-melting catechin.””’ By M. NIERENSTEIN. 

“ On interfacial tensions.””’ By J. R. Pounp. 

“ Studies in the anthracene series. Part IV.’ By E. pre B. Bar- 
NETT and M. A. MaTTHEws. 

“The formation of quaternary ammonium salts. Part I.” By 
E. pE B. Barnett, J. W. Cook, and E. P. Driscott. 

“Action of sulphur monochloride on mercaptans.” By G. C. 
CHAKRAVARTI. 

“The electromotive behaviour of magnesium.”” By A. Smrrs. 


4 


“Determination of the isoelectric point of gelatin. A criticism 
of Patten and Kellem’s method.” By T.S. Price. 

“Note on the supposed enantiotropy of lead monoxide.” By 
S. GLASSTONE. 

“Researches on pseudo-bases. Part IV. A new synthesis of 
tertiary amines of the form R-CH,*NR!R?.” By G. M. 
RoBINSON and R. Rosinson. 

“* An electrolytic method for the preparation of mercury dimethyl.” 
By J. L. Maynarp and H. C. Howarp. 

“ The constituents of Indian turpentine from Pinus longifolia, Rox. 
Part II.” By J. L. SmmonseEn and M. G. Rav. 

“Rhythmic crystallisation.” By W. E. Garner and F. C. 
RANDALL. 

“The isotope ratio of a sample of chlorine of volcanic origin.” 
By A. D. Monro. 

“ The densities of dilute solutions of potassium salts and the volume 
changes occurring on solution.” By H. B. Hartiery and 
W. H. BaRrevvT. 

“The system chromium trioxide-nitric acid-water.” By S. A. 
Moumrorp and L. F. GILBert. 

“A new sesquiterpene and other substances in the essential oil 
of Manuka (Leptospermum scoparium).’’ By R. GARDNER. 
“Some factors governing the complete sorption of iodine by 

carbon from solution.” By J. B. Firts and F. 8. Watson. 

“The chemistry of the glutaconic acids. Part XIV. Three- 
carbon tautomerism in the cyclopropane series. (Addendum).” 
By F. R. Goss, C. K. Incoxp, and J. F. THorpE. 

“‘ Rotatory dispersion of the esters of lactic acid. Part I. Normal 
esters.” By C. E. Woop, J. E. Sucn, and F. Scarr. 

“Studies in the chroman series. Part II.” By H. F. Dray, 
A. I. M. Kantn, and M. NIERENSTEIN. 

“The constitution of catechin. Part VI.” By H. F. Drawn and 
M. NIERENSTEIN. 

‘“‘ Preparation of hydrazine by the Raschig reaction.” By R. A. 
JOYNER. 

“ The configuration of the doubly linked tervalent nitrogen atom. 
The resolution of the pyridylhydrazone of cyclohexenedithio- 
carbonate.” By W. H. Mitts and H. ScHrnDier. 

‘“* Perhalides of quaternary ammonium salts.” By F. D. Cuarta- 
way and G. Hoyte. 

“The tautomerism of amidines. Part I. 2: 4- and 2: 5-Diphenyl- 
glyoxalines.”” By R. Burties and F. L. Pymayn. 

“The tautomerism of amidines. Part II. The alkylation of 
open-chain amidines.”” By F. L. Pyman. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
15TH, 1923. 


N.B.—The names of those who sign from ‘‘ General Knowledge ”’ 
are printed in italics. 


ApAM, WILLIAM BENNETT, “ Belcaro,’’ Enfield, Middlesex. Scottish. On 
technical staff of Messrs. J. S. Fry & Sons, Ltd., Bristol, and engaged on 
chemical research at Bristol University. B.A. (Cantab.), Natural Sciences 
Tripos, Parts I and II (Chemistry). (Signed by) W. H. Mills, Eric K. Rideal, 
Charles T. Heycock. 

ALEXANDER, GEORGE JAMES, 1, Terrace Road, Upton Manor, London, E.13. 
British. Chemical Student. B.Sc. (London), Honours Chemistry. (Signed 
by) J. R. Partington, W. H. Patterson, Frank W. Bury. 

Attwoop, ARTHUR JOHN, 11, Frederick Crescent, §8.W.9. British. 
Student (Royal College of Science). Present position, Associate of, and 
Research Student at, the Royal College of Science, London, in the department 
of Chemistry. (Signed by) James C. Philip, C. K. Ingold, H. L. Howard. 

BaILry, KENNETH CLAUDE, 137, South Circular Road, Dublin. British. 
Lecturer in Exptl. Science, Trinity College, Dublin. B.A. (Hons.) in Exptl. 
Science, and M.A. (T.C.D.). Paper on ‘‘ La Synthése Directe de l’Urée a 
partir de ’Ammoniaque et du Gaz Carbonique ”’ in the “Comptes Rendus 
de l’Académie des Sciences,” July, 1922. (Signed by) Sydney Young, Emil 
A. Werner, A. G. G. Leonard. 

BERTHOUD, ALFRED, Neuchatel, Suisse. Suisse. Professeur de Chimie 
physique 4 l'Université de Neuchatel. Principaux travaux originaux, con- 
cernent la thermo dynamique dans ses applications aux vitenes des reactions 
chimiques, et les propriétés des fluides. Ouvrages: La Constitution des 
atomes; Les Nouvelles conceptions de la Matiére et de l’atome. (Signed by) 
William J. Pope, T. Martin Lowry, Henry E. Armstrong. 

BLENCcH, ERNEST ALFRED, 74, Squires Lane, Finchley, N.3. English. 
Chemistry Student desiring to become Research Chemist. Engaged in 
Research on Carbon—Oxygen Adsorption. Have held position of Junior 
Analyst at Borax Consolidated, Ltd., and British Drug Houses, Ltd. (Signed 
by) J. N. Collie, F. G. Donnan, W. E. Garner. 

BOUSFIELD, JOHN SOUTHWELL, 2, Lyndale, Child’s Hill, London, N.W.2. 
Schoolmaster. A.R.C.S. Chemistry, 1921, 2nd Class. Served in army 
1914-1919, Teaching 1922— (Rugby school, Jan.—Aug., 1922). (Signed 
by) H. B. Baker, James C. Philip, H. F. Harwood. 

BRADSHAW, FREDERICK, 78, Rothbury Terrace, Heaton, Newcastle-on- 
Tyne. British. Librarian and University Lecturer. M.A. (Oxford), D.Sc. 
(London). I desire to consult and keep abreast of recent chemical literature. 
(Signed by) W. N. Haworth, J. A. Smythe, H. V. A. Briscoe. 

BROUGHTON, CHARLES CROSSLEY Mann, 2, Upton Road, Bexley Heath, 
Kent. British. Research student at Royal College of Science, S.W.7. 
B.Sc. Hons., Lond. (Signed by) Jocelyn Thorpe, C. K. Ingold, M. A. Whiteley. 

BuckLeyY, Haroip EvGEnNE, 273, Wigan Road, Bolton. British. Assistant 
Lecturer in Crystallography at Manchester University. B.Sc. (2nd Class 
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Hons., 1921). Research on ‘‘ Adsorption ”’ for 12 months, 1921-1922, with 
Dr. Burt and Mr. Bangham. Dec. 1922, M.Sc. From Sept. 29th, 1922, 
Assistant Lecturer in Crystallography. (Signed by) Henry A. Miers, Arthur 
Lapworth, H. B. Dixon. 

Cattow, Rosert KENNETH, 17, Sutherland Street, London, 8.W.1. 
British. Student. Exhibitioner of Christ Church, Oxford. B.Sc. (lst 
Class Hons. Chemistry), University of London, 1922. Part I, Final Honour 
School of Natural Science, University of Oxford, 1922. At present engaged 
in research for Part II. (Signed by) W. H. Perkin, N. V. Sidgwick, 8. G. P. 
Plant. 

CorMaN-NICORESTI, JOSEPH, 16, Crediton Hill, London, N.W.6. British. 
Pharmacist. Licentiate in Pharmacy, University of Bucarest (Roumania). 
Member of the Pharm. Society of Great Britain. Late Analytical Chemist 
in the Roumanian Army (1894-5). (Signed by) Jules Cofman-Nicoresti, 
Gabriel Cofman-Nicoresti, Hartley Shaw, Gerald H. Martin. 

CouTiz, ALEXANDER, 4, Priestfield Road, Edinburgh. Scottish. Research 
Chemist. Assistant in Department of Chemistry, University of Edinburgh. 
(Signed by) James Walker, Sydney A. Kay, H. Gordon Rule. 

Couzens, Lestige Joun, 101, Kensington Avenue, Manor Park, E.12. 
Assistant Analytical Chemist. Assistant Analytical Chemist to Messrs. 
Burgoyne, Burbidge & Co., Ltd., East Ham. Student at the Sir John Cass 
Technical Institute for the Final B.Sc. (Honours Chemistry), University of 
London (1924). (Signed by) W. H. Barker, E. D. Griffiths, W. T. Clough. 

CowarpD, KatTHERINE Hope, 14, Parliament Hill, N.W.3. Assistant, 
Physiology (Biochemistry). University College, London University. Joint 
authorship of several papers on Accessory Food Factors in the Biochemical 
Journal, together with Dr. J. C. Drummond, D.Sc., of University College. 
M.Sc. of Manchester University. (Signed by) J. C. Drummond, K. A. Burke, 
Irvine Masson. 

CravEeN, Ernest Cecit, 59, Southern Road, Plaistow, E.13. English. 
Chemist. Assistant to Dr. W. R. Ormandy, 18, Belsize Grove, N.W.3. 
5 years analytical work, India Rubber Gutta Percha and Telegraph Works, 
Ltd., Silvertown. 2} years as works and research chemist, U.K. Chem. 
Products (afterwards H.M. Factory, Sutton Oak). Since 1917 with Dr. 
Ormandy. Part author of various papers relating to miscibility, combustion, 
etc. (Signed by) W. R. Ormandy, A. E. Dunstan, F. B. Thole, J. 8. 8. Brame, 
J. E. Hackford. 

Davip, AuGcusTINE Matcotm MANHKRAM, Sialkote City, India. Indian. 
Professor of Chemistry, Murray College, Sialkote City. B.Sc. Punjab. 
2 years’ teaching experience. Research on essential oils. (Signed by) Edwin 
Theodore Dean, N. A. Yajnik, 8. R. Khosla. 

Dean, Joun Norman, Goodbury, Kemsing, Kent. British. Assistant 
Research Chemist at the Gutta Percha Company, London. B.Sc. (Hons. 
Chemistry), King’s College, Lond., Oct., 1921. A.I.C., March, 1922. (Signed 
by) Claude 8S. Grace, A. J. Allmand, H. W. Cremer, Samuel Smiles. 

Durr, James Cooper, 13, Queen’s Rd., Erdington, Birmingham. British. 
Lecturer, Chemistry Dept., Birmingham Technical School. M.Sc. (Manc.), 
F.I.C, 5 years’ chemical works experience. 8 years a Lecturer on Chemistry. 
Author of four papers on Cobaltammines and one paper on Dimethylindi- 
gotin, all published in Trans. Chemical Society. (Signed by) J. Newton 
Friend, T. Slater Price, Harry Berry. 

Ear e, ALLAN RoBERT, 90, Shadwell Rd., Portsmouth. English. Student, 
King’s College, Cambridge. Passed Part I Natural Science Tripos (2nd Cl.) 
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in Chemistry, Physics, and Mineralogy. Reading for Part II in Chemistry. 
(Signed by) Eric K. Rideal, Hamilton McCombie, Harold A. Scarborough. 

FEenTON, SAMUEL Gray, 27, Somerset Rd., Harrow, Middx. Pharmacist. 
Dispenser to John M, Pletts, M.D., L.S.A. Admiralty Surgeon and Agent, 
Ryde, I.W., 3 years. Senior Assistant to E. Boussin, Pharmacien, Dinard, 
France, 2 years. Student of Pharmacy, London Temperance Hospital, 
2 years. Student of H. Wootton, B.Sc. Lond., London College, Clapham, 
§.W., 2 years. Student of the late Col. E. F. Harrison, Anti-Gas Dept., 
War Office, 1} years. Qualified as Pharmacist, Examination of the Pharm- 
aceutial Society of Great Britain, July 15th, 1905. Works Chemist to Messrs. 
Bush & Co., Manufacturing Chemists, London, W., 3 years. Member of the 
Pharmaceutial Society. Pharmacist, War Office Technical Staff, Army 
Medical Service, Whitehall, S.W., 3 years. (Signed by) Frank Radcliffe, 
Gabriel Cofman-Nicoresti, Stanley J. Peachey. 

Fisk, Poixuie Marcus, 92, Aldborough Rd., Seven Kings, Essex. Chemical 
Student. Associate of Finsbury Technical College (A.C.G.F.C.). Inter. 
Science (Lond.). (Signed by) M. A. Whiteley, W. 8. Norris, F. R. Goss. 

Gites, JOHN Kennetu, Hillcrest, Arkley, Barnet. British. Research 
Student. B.Sc., Lond. Engaged on research on Physical Chemistry at 
King’s College, Lond. (Signed by) A. J. Allmand, C. S. Salmon, H. W. 
Cremer. 

GRAHAM, THomas, 47, Canada Rd., Cardiff. Analytical Chemist. Chief 
Chemist to F. Campbell Harry & Co., Cardiff, for several years past and to 
date. Formerly Assistant Chemist with Messrs. Harry Dougall & Co., 
Maryport, Cumberland. (Signed by) Geo. R. Thompson, H. E. Cox, J. 
Groves, Pattinson B. Melmore, R. W. Atkinson. 

Gray, ALBERT Epwarp, 23, Gauden Rd., Clapham, London, S.W.4. 
British. Pharmacist with analytical experience. Appointed works chemist 
to the Fibrous Paper and By-products, Ltd,, a company shortly to be 
formed for paper manufacture and by-products of methyl alcohol, acetone, 
etc., from reeds by the Dinman process. (Signed by) Alfred Thomas, Charles 
Alexander McKerrow, F. C. Ray, A. Houssa. 

GRIFFITHS, JOHN PREEDY, 15, Hazelwood Lane, Palmers Green, N.13. 
British. Student (Research, Royal College of Science, London). A.R.C.S. 
(Lond.). B.Sc. Hons., Chemistry (Lond.). Organic Research, Royal College 
of Science, London. (Signed by) Jocelyn Thorpe, C. K. Ingold, H. J. T. 


Ellingham, 


Harris, Lesxtie Jurius, B.Sc., 18, The Park, Ealing, London, W.5. 
British. Research worker in Biochemistry, Cambridge University. 
“ Analyst,” XLIII, 508, 263 et seqg.; 511, 345-8; 512, 375-8; XLIV, 515, 
45-6; 521, 314-318, and papers in other chemical journals. (Signed by) 
F. Goviand Hopkins, O. Rhys Howell, J. H. Quastel. 

Harrison, THomas ARTHUR, 64, Eastwood Road, Goodmayes, Essex. 
British. Chemist (Analytical and Consulting), Fertilisers and Disinfectants. 
Director, Whaller’s Sanitary Fluid, Co. Passed major examination Pharm- 
aceutical Society. (Signed by) Charles 8. Roy, Thomas D. Morson, Arthur 
E. Pitt. 

Hewitt, LestieE Frank, 8, Maze Rd., Kew, Surrey. British. Research 
Student. Bachelor of Science, with First Class Honours in Chemistry, of 
the University of London; Associate of the Institute of Chemistry. (Signed 
by) Robert H. Pickard, J. Kenyon, Harold Hunter. 

Horton, LAURENCE, 45, Steade Road, Sheffield. British. Chemistry 
Research Student. A.R.C.S. (Ist Class). B.Sc. Hons. (lst Class), London. 
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One year as Assistant Chemist with A. H. Allen & Partners, Public Analysts, 
Sheffield. (Signed by) C. K. Ingold, M. A. Whiteley, H. J. T. Ellingham. 

IneHam, JouN, 19, Greyhound Road, Tottenham, N.17. British. 
Bacteriological Chemist. Student, Technical College, Blackburn. Five 
years Chemistry and Chemical Technology. Diploma (London, 1918), 
Pathological Society Certificates. Bacteriological Technique. Pathological 
Technique. Morbid Secretion Technique. Hematological and Serological 
Technique. At present interested in Biochemistry and Chemistry of Drugs. 
(Signed by) Robert H. Pickard, Geraldine Le Bas, Archibald Knox, J. Kenyon. 

Laker, JOHN, 8, Allerton Rd., N.16. British. Research Student in 
Organic Chemistry at the Royal College of Science. Associate of the Royal 
College of Science. Hons. B.Sc. (Chem.). (Signed by) M. A. Whiteley, 
James C. Philip, Jocelyn Thorpe. 

LINNELL, WILFRED HERBERT, 12, Highbury, Monkseaton, Whitley Bay. 
British. Advanced Research Student, Armstrong College, Durham Univer- 
sity. Ist Class Honours, B.Sc. Associate of the Institute of Chemistry. 
Johnston Scholar. Major Diploma of the Pharmaceutical Society. Research 
experience of one year. (Signed by) W. N. Haworth, J. A. Smythe, G. C. 
Leitch. 

MarsH, JOSEPH KENNETH, 28, Lansdowne Road, Belfast. British. 
Senior Assistant, Chemical Department, Queen’s University, Belfast. M.Sc. 
(Belfast). (Signed by) A. W. Stewart, H. Graham, E. W. McClelland. 

MeEptey, Grorce Arnoxp, 45, Hill Top Rd., Dalton, Huddersfield. 
British. Pharmacist. Oleum, analytical, and research laboratories, British 
Dyestuffs Corp., Ltd., Huddersfield. (Signed by) James Bruce, H. H. Gray, 
L. Gordon Paul. 

MeuTA, RAMPRASAD PITAMBERDAS, Organic Chemistry Dept., University 
College, London. Indian (Hindu). Research Student for Ph.D., Organic 
Chemistry. M.A. (Chemistry), Bombay University, 1911. Fellow in 
Chemistry (1910), St. Xavier’s College, Bombay. Asst. Professor of Chemistry, 
St. Xavier’s College, Bombay, 1912-13. 2nd Asst., Rajkumar College, 
Rajkot (India), since 1914. Acting Professor of Chemistry, Gujarat College, 
Ahmedabad, 1920-21 (Ag. I.E.8.). (Signed by) O. L. Brady, R. C. Ray, 
W. Pohl. 

MILLER, HERBERT FREDERICK, Griffith John College, Hankow, China. 
English. Teacher of Chemistry in above College. Associate of the Institute 
of Chemistry (July 1922). B.Sc. (Hons. 2nd Class), 1922. Honours Course 
3 years, Birkbeck College, London. (Signed by) George Senter, Arthur J. 
Chapman, 8S. Sugden. 

MUKERJI, DHIRENDRA Nats, 1, Gobinda Bose Lane, Bhowanipore, Cal- 
cutta, India. Superintendent of Excise and Salt, Bengal, in charge of 
Distilleries, Warehouses, and Laboratories. (1) Obtained the M.Sc. degree 
of the Calcutta University in Chemistry in 1916 with First Class Honours, 
standing first in order of merit. (2) Author of (a) Colouring matters from 
1:2:4:5-Tetrahydroxybenzene and related substances (J.C.S., T., 1922, 
121, 545); (6) Vat Dyes of the Azo Series (ordered for publication in the 
Transactions of the J.C.S.). (Signed by) E. R. Watson, R. L. Jenks, R. L. 
Datta, P. C. Ray. 

Mourcu, WILLIAM OwEN, National Institute for Medical Research, Hamp- 
stead, N.W.3. British. Chemical Lab. Assistant. B.Sc. (Lond.). I wish 
to join in order to receive publications and enjoy use of library, to keep up 
with current research. (Signed by) Harold King, H. W. Dudley, P. C. L. 
Thorne. 
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OLIVER, JAMES HERBERT, 22, Avenue Gardens, Acton, W.3. British. 
Research Worker. B.Sc. (Lond.). Research Student, Royal College of 
Science, London. Formerly Ist Assistant Analyst, Olympia Agricultural 
Coy. Research Station, Offchurch, Leamington. (Signed by) Jocelyn Thorpe, 
E. H. Farmer, F. R. Goss. 

Orr, THomas Workman, Antofagasta, Chile. Scottish. Chemist. Royal 
Technical College, Glasgow, 1894-97. Research Student, 1897-98. Demon- 
strator, 1898-99. Since continuously engaged as chemist or manager in 
§. Africa (1899-1901), assayer and cyaniding, and in Chile (1902-1922); 
chiefly in connexion with the nitrate industry. Associate of the Institute 
of Chemistry. (Signed by) G. G. Henderson, Thomas Gray, James Roberts. 

OsBorRN, WILLIAM JAMES, 12, West Square, Southwark, S.E.1. Chemical 
Assistant. L.C.C., Greenwich Power Station, Greenwich, S.E. Physics, 
Morley College, 1910-11. Chemistry, Sir John Cass Inst., 1911-13. War 
service, 1915-1919. Chemistry, Borough Polytechnic, 1920-21. Chemical 
Assistant, Greenwich Power Station, L.C.C., Greenwich, S.E. Associated 
Member, London Section, Inst. of Metals. (Signed by) J. H. Coste, E. J. 
Jackman, Arthur J. Chapman. 

PATTERSON, JOCELYN, 106, Market St., St. Andrews, N.B. British. 
Chemical Research Assistant in University of St. Andrews. B.Sc., lst Class 
Hons., Chemistry (Dunelm). M.Sc. (Dunelm). Ph.D. (St. Andrews). Pub- 
lication, Acetone Derivatives of Glucose and Fructose, Irvine and Patterson, 
J.C.S., 1922, 121, 2146. (Signed by) J. C. Irvine, R. Robinson, A. Killen 
Macbeth, E. L. Hirst. 

Paxon, Francis James, 30, St. Georges Rd., Palmers Green, N.13. 
British. Research Student in Organic Chemistry at Royal College of Science. 
Associate, Royal College of Science. B.Sc. Hons., Lond. (Signed by) 
M. A. Whiteley, Jocelyn Thorpe, C. K. Ingold. 

PERREN, Epwarp ArtTuHuR, 70, Denton Road, London, N.8. British. 
Research Student at Imperial College of Science and Technology. Have 
undertaken research in Organic Chemistry which has been recorded in the 
Journal of the Society. (Signed by) Jocelyn Thorpe, F. W. Helsby, James 
C. Philip. 

Press, Epwin Wrii1iaM S§tTantey, 4, Porchester Sq., Hyde Park, W. 
Student. With F. J. Lloyd, Agricultural and Consulting Chemist, for two 
years. Last three years, full time student at Birkbeck College, studying for 
Honours Degree at University of London and Associateship of Institute of 
Chemistry. (Signed by) George Senter, F. Barrow, 8. Sugden, F. J. Thorney- 
croft, Wm. W. Myddleton, E. J. Warren, A. Hamilton Bateman, F. J. Lloyd. 

Pine, Epwarp EBENEZER, The Haven, Dorman’s Park, Surrey. British. 
Chartered Accountant (not in practice). For the last 20 years I have been 
greatly interested in chemical theory, and I have recently published a book 
entitled ‘“‘ Atomic Form” (Longmans, Green & Co.). I am desirous of 
obtaining the advantage of membership of the Chemical Society in order 
that I may be able to extend my knowledge of Chemistry by the use of the 
Society’s Library and Journal and by attendance at its meetings. (Signed 
by) E. F. Armstrong, W. G. Ramsay, G. Walter Knox. 

RALEIGH, Frank Victor (6, Cavendish Rd., Harringay, N.4). Johannes- 
burg, South Africa. British. Student. B.Sc., B.A. (Oxford). (Signed by) 
Alfred C. Egerton, N. V. Sidgwick, Wm. Macnab. 

Rana, Tara Cuanp, III Bridge, Srinagar, Kashmir. Indian. Making 
preparations for the start of Sulphuric Acid Industry from Gypsum in Kashmir. 
After taking the B.Sc. degree of the Punjab University, I worked for some 
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time as Assistant to the Chemical Examiner, Jammu and Kashmir State. 
In 1922 I took the M.Sc. degree of the same University. My subject of 
special study was “‘ Adsorption of binary mixtures by animal charcoal,” 
on which I have written a paper which was submitted to the University, 
(Signed by) N. A. Yajnik, 8. R. Khosla, Edwin Theodore Dean. 

RANDALL, HELENA CHARLOTTE, 57, Farnham Road, Guildford, Surrey, 
British. Science Mistress. A.R.C.S., B.Sc. I am desirous of keeping in 
touch with chemical literature. (Signed by) James C. Philip, H. B. Baker, 
M. A. Whiteley. 

REDFERN, GEORGE ALAN, 44, Talbot Road, Highgate, N.6. Student of 
Chemistry at the University of Cambridge, proceeding to the profession of 
Chartered Patent Agent. Passed the examinations in Chemistry and Engineer. 
ing for the ordinary B.A. degree. (Signed by) A. J. Berry, Charles T. Hey. 
cock, R. H. Atkinson. 

ROBERTSON, JERRY, 38, Church St., Heckmondwike. British. Student 
for major examination of the Pharmaceutical Society, also F.S.M.C. Diploma. 
Chemist, minor qualifications of the Pharmaceutical Society. Was employed 
for 2 years as laboratory assistant with Messrs. Goodhall, Backhouse, Manu- 
facturing Chemists, Leeds. Later, student at the South-Western Polytechnic 
Institute, Chelsea. (Signed by) C. Morton, Francis Arnall, F. H. Lowe, 
J. B. Coleman. 

SanpDERS, Epcar, The White House, Blackwell, Worcs. British. Student 
of Chemistry, University of Birmingham. Final Chemistry examination for 
B.Sc. degree. (Signed by) G. T. Morgan, C. E. Wood, 8. R. Carter, Wm. 
Wardlaw. 

SHOESMITH, JOHN BALDwWIn, c/o Dunnill, 10, Spottiswoode Rd., Edinburgh. 
British. Lecturer in Chemistry, Edinburgh University. Articled pupil, 
Public Analyst, Burnley, 1913-16. B.Sc. (Chemistry, Ist Class Hons.), 
Manchester University, 1919. Graduate Scholar, Manc. University, 1919. 
M.Se., Mane. University, 1920. Lecturer in Chemistry, Edinburgh University, 
1921. Publication, T., 1922, 121, 1391. (Signed by) James Walker, H. 
Gordon Rule, Sydney A. Kay. 

Stoman, Hepiey ArcHIBALD, “ Robinhood,’ Undercliff Gardens, Leigh- 
on-Sea, Essex. British. Chemist. Ist Class, Part I, Nat. Sci. Tripos, Cam- 
bridge, in Chemistry, Physics, and Geology. 2nd Class, Part II, Nat. Sci. 
Tripos, Cambridge, in Chemistry. Associate of Institute of Chemistry, 
Desires to use the Library, attend the meetings, and receive the Journal. 
(Signed by) W. J. Pope, C. T. Heycock, W. H. Mills. 

Smits, ANDREAS, The University, Nieuwe Prinsengracht 126, Amsterdam, 
Holland. Dutch. Director of the Laboratorium Algemeeneen Anorganische 
Chemie der Universiteit, Amsterdam. Author of several papers in numerous 
chemical journals. (Signed by) James C. Philip, Jocelyn Thorpe, Irvine 
Masson. 

SNELLGROVE, Dovucias RoseBery, 73, Millbrook Rd., Southampton. 
British. Research Student. B.Sc. (Hons. Chem., Ist Class). Now a 
Research Student at Battersea Poly. (Signed by) J. Kenyon, J. L. White, 
A. Houssa. 

Srark, ArtHuR Roy, 76, De la Pole Avenue, Hull. British. Cement 
Works Chemist (chief). 6 years’ training Technical College (Chemistry Dept.), 
Hull. Works experience in analysis of oils, residual meals, water, etc. 
Experimental work on treatment of coal at various temperatures. Experi- 
mental work on effect of various reagents and colours on the setting and 
hardening of Portland cement and concrete. At present chief chemist at 
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Messrs. G. & T. Earle, Ltd., Cement Manufacturers. (Signed by) Frank 
§. Wood, T. Luxton, Harry Thompson, Edward Chapman. 

TeBBIT, REGINALD ERNEST, 120, Lordship Lane, E. Dulwich, London, 
§.E.22. English. Student. Graduate of Finsbury Technical College 
(A.0.G.F.C.) (4th year Student.) I am desirous of attending the meetings 
and of using the library of the Society. (Signed by) Arthur J. Hale, J. E. B. 
Price, Julius Jung, H. M. Atkinson. 

Tuomas, JOHN SMEATH, 179, Kingsley Road, Liverpool. British. Senior 
Lecturer on Analytical Chemistry, University of Liverpool. D.Sc. (Liver- 
pol). For several years Senior Lecturer on Analytical and Inorganic 
Chemistry in the University of Liverpool. Recently appointed Professor 
of Inorganic Chemistry in the University of Cape Town. Contributions to 
scientific journals. (Signed by) E. C. C. Baly, W. C. McC. Lewis, I. M. 
Heilbron, F. C. Guthrie, Harold Rogerson, Herbert H. Froysell. 

THomMpson, JOHN, 20, Marchmont Road, Edinburgh. Refinery Chemist 
with Messrs. Burmah Oil Coy., Rangoon. Four years under Dr. Thos. 
Drinkwater, College of Surgeons, Edinburgh. Two years of this period was 
in the capacity of demonstrator to D. P. H. Classes. Two years with H.M. 
Dept. of Explosives, Craigleith. (Signed by) Francis Arnall, L. Beaumont 
Tansley, F. H. Lowe. 

TuorP, Huspert WILLIAM, 92, Queen’s Road, Dalston, London, E.8. 
British. Assistant Research Chemist. Student, University College, London, 
Oct. 1919-Nov. 1921. Obtained B.Sc. degree, London University, Nov. 
1921. (Signed by) T. J. Drakeley, G. J. Avey, Raymond R. Butler. 

TIDESWELL, FREDERICK VINCENT, Department of Fuel Technology, The 
University, St. George’s Square, Sheffield. British. Research Chemist, 
Mines Department Experimental Station, Department of Fuel Technology, 
The University, Sheffield. M.Sc. (Vict.), 1917. “‘ The Constitution of Coal 
in relation to its Spontaneous Combustion,” Proc. S.W. Inst. Engineers, 
1920, 36, i, 183. ‘“‘A recent theory of Coking,” Fuel, 1922, 1, vi, 101. 
Joint author of following: ‘‘ A chemical investigation of banded bituminous 
coal, Studies in the composition of coal,’ T., 1919, 115, 619; ‘* The 
oxidation of coal,’ T., 1919, 115, 895; ‘‘ The oxidation of the ingredients of 
banded bituminous coal. Studies in the composition of coal,’ T., 1920, 117, 
794; ‘‘On Dopplerite. Studies in the composition of coal,” T., 1922, 121, 
2345. (Signed by) R. V. Wheeler, W. Payman, W. A. Batley. 

Tone, Eric Witrrep, Hollingbourne, Maidstone, Kent. English. 
Science Master in Secondary School. As a student of Chemistry at the Royal 
College of Science, London, 1919-1921. Associate of Royal College of Science 
(A.R.C.S.), 1921. B.Se. (Hons.), Ist Class, Chemistry, London University, 
1922. (Signed by) James C. Philip, H. F. Harwood, M. A. Whiteley. 

TrRITTON, FREDERIC JENNER, 1 Vicarage Mansions, West Green, N.15. 
English. Chemist, just finished degree course. Pupil assistant to Mr. W. C. 
Young, F.I.C. Public Analyst for six months. Analyst at Messrs. T. Morson 
& Sons, Ltd., Ponders End, for 15 months. B.Sc. (Lond.), Honours Chemistry, 
2nd Class. (Signed by) Samuel Smiles, J. Huck, A. J. Allmand, Arthur 
Fairbourne. 

VANDERSTICHELE, PAULE LAURE, Bedford College, Regent’s Park, London, 
N.W.1. Belgian. Demonstrator in Organic Chemistry at Bedford College. 
M.Sc. (London). Teaching experience: Demonstrator in Chemistry at 
Bedford College (1917-1922). Recognised teacher of the University of 
London for 1922-1923. Publication: The use of u8-dichlorovinylethylether 
for the preparation of chloroacetates and acid chlorides (Crompton and Van- 


derstichele, J.C.S., April 1920). The molecular refractions of chloro-, dj. 
chloro-, and chlorobromo-acetates. Thesis for the London M.Sc. examination 
presented May 1922. (Signed by) H. Crompton, J. F. Spencer, P. V. McKie, 
M. 8. Crewdson. 

WEAVER, StantEY Dovuctas, 27, Hastings Road, Maidstone. British, 
Research Student in Organic Chemistry at the Royal College of Science, 
Associate of the Royal College of Science. B.Sc. (Honours), to be awarded 
on completion of third years’ study. (Signed by) M. A. Whiteley, C. K. Ingold, 
James C. Philip. 

WituiaMs, MontacvE, Cleveland Cottage, The Grove, Isleworth. English 
At present, none. B.Sc. degree, London, 1922. Ist Class Honours in 
Chemistry. [Trained at University College, Reading.] (Signed by) H, 
Bassett, J. W. Dodgson, D. Roy Maxted, Reginald G. Durrant. 

WitiiaMs, THomas ARTHUR, Ridgeway House, Mill Hill, N.W.7. British. 
Science Master, Mill Hill School. I have been engaged in teaching Chemistry 
in Secondary Schools since 1912, and am desirous of keeping abreast of 
developments in the Science, by means of the Society’s lectures and pub. 
lications, and of doing original work. (Signed by) D. Ll. Hammick, E. J. 
Bowen, C. N. Hinshelwood, H. B. Hartley, T. A. Quilliam. 

: Woop, Haroxp, 39, Edmund St., Seedley, Manchester. British. Chemical 
Research for M.Sc. (Organic Chemistry). B.Sc., 1st Class Honours Chemistry, 
1922, Manchester University. Graduate Prize. Leblanc Medal in Organic 
Colouring Matters. (Signed by) Arthur Lapworth, Henry Stephen, J. E. 
Myers, W. K. Slater, Arnold Weston, Colin Campbell, Wilson Baker. 


Certificates have been ieee by the Council under Bye-Law I (2) 


in favour of the following : 


ANDREWS, Donatp Hatcu, Sterling Chemical Laboratory, New Haven, 
Conn., U.S.A. American. Assistant Instructor, Department of Chemistry, 
Yale University. In 1920 received the degree of B.A. in the Honours 
Chemistry Course at Yale University. For three years Silliman-Larned 
Fellow in the Graduate School of Yale University. Candidate for the degree 
of Ph.D. in Yale University, June 1923. Have been employed as Analyst 
for the United States R.R. Administration. Research Chemist, Fisk 
Rubber Co. (Signed by) L. W. Bass. 

Larrp, Ciinton N., Canton Christian College, Canton, China. Professor 
of Chemistry at Canton Christian College. B.A., 1903. M.A., 1905, Uni- 
versity of Pennsylvania, Philadelphia, Pennsylvania, U.S.A. Undergraduate 
work at University of Pennsylvania. Graduate work at University of Penn- 
sylvania and Columbia University, New York City. At Canton Christian 
College, 1905 to date. Prof. of Chemistry, 1910 to date. Wish to keep in 
closer touch with development of chemistry in England through the Journal 
that I can through the abstracts now available, and to have the Journal 
available for use by my students. Member of Society of Chemical Industry; 
American Chemical Society; Franklin Institute, American Association for the 
Advancement of Science. (Signed by) E. R. Dovey. 

LirtLe, ArtsuR D., Charles River Road, Cambridge, Mass., U.S.A. 
American. Chairman of the Committee of the Corporation of the Massa- 
chusetts Institute of Technology in the Departments of Chemistry and 
Chemical Engineering. President of the American Chemical Society, 1912- 
1914. President of the American Institute of Chemical Engineers, 1919. 
(Signed by) O. F. Cross. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


AUDEN, HaroLtp ALLDEN. Starch and starch products. London 
[1922]. pp. xiv+122. ill. 3s. net. (Recd. 19/12/22.) 
From the Publishers: Sir Isaac Pitman & Sons. 


English Bonr, Niexts. The theory of spectra and atomic constitution : 
urs inf three essays. Cambridge 1922. pp. x+126. ill. 7s. 6d. net. 
by) HE (Reed. 20/12/22.) From the Syndics, Cambridge University Press. 


CuaPIn, Witt1am H. Second year college chemistry. New 
York 1922. pp. xii+312. ill. 15s. net. (Recd. 13/12/22.) 
— Second year college chemistry: a manual of laboratory 
exercises. New York 1922. pp. viiit116. ill. 7s. 6d. net. 
(Recd. 13/12/22.) 
From the London Publishers: Messrs. Chapman & Hall. 
CLARKE, ALBERT. Flavouring materials, natural and synthetic. 
london [1922]. pp. xxii+166. ill. 8s. 6d. net. (Recd. 2/1/23.) 
From the Publishers: Messrs. Henry Frowde & 
Hodder & Stoughton. 
GeTMAN, FREDERICK Hutton. Outlines of theoretical chemistry, 
3rd edition. New York 1922. pp. xii+626. ill. $3.75 net. 
(Recd. 28/11/22.) 
From the Publishers: Messrs. John Wiley & Sons. 


[aven, 
istry, § Hyper, J.H. Lubrication and lubricants: a concise treatise on 
nours # the theory and practice of lubrication; the physical, chemical, 


te and mechanical properties and testing of liquid and solid lubricants, 
as with notes on recent developments and examples from practice. 
Fisk § London 1922. pp. x+114. ill. 2s. 6d. net. (Recd. 17/11/22.) 


From the Publishers: Sir Isaac Pitman & Sons. 

Levy, Stantey Isaac. Incandescent lighting. London 1922. 
pp. x +130. ill. 3s. net. (Reed. 17/11/22.) 

From the Publishers: Sir Isaac Pitman & Sons. 

PatmMer, Leroy S. Carotinoids and related pigments: the 


chromolipoids. New York 1922. pp. 316. ill. $4.50 net. 
zo (Reed. 2/1/23.) 
on: From the Publishers: The Chemical Catalog Company, Inc. 


RastaLtL, Rosert Herron. Molybdenum ores. (Imperial 
Institute Monograph on Mineral Resources.) London [1922]. 
pp. x+86. ill. 5s. net. (Recd. 18/12/22.) From the Director. 

Ropinson, CLARK SHOVE. The recovery of volatile solvents. 
New York 1922. pp. 188. ill. $2.50. (Recd. 19/12/22.) 

From the Publishers: The Chemical Catalog Company, Inc. 

Society or CaEmicaL InpusTRY. Reports of the progress of 
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applied chemistry. Vols. I., 1916—VI., 1921. London 1917—1929 
(For Circulation.) From Mr. Arnold Stevenson, 
Stitt, CarL. Critical survey of questions affecting the coke 
oven industry. [Translated from Gluckauf, being pp. 137—300 
of The Coke Oven Managers’ Year Book.| London [n.d.]. ill, 
(Recd. 23/11/22.) 
From the Translators: Messrs. Coke and Gas Ovens, Ltd. 
TayLor, Rosert LuEwettyn. Bleaching powder and _ its 
action in bleaching. Manchester [1922]. pp. 80. ill. 4s. 6d. net, 
(Reed. 13/12/22.) 
From the Publishers: Messrs. John Heywood, Ltd. 
TuTtLe, Joun B. The analysis of rubber. New York 1922. 
pp. 156. $2.50 net. (Recd. 20/11/22.) 
From the Publishers: The Chemical Catalog Company, Ine, 
Union INTERNATIONALE DE LA CHIMIE PURE ET APPLIQUEE. 
Comptes rendus de la troisiéme conférence internationale de la 
chimie, Lyon 27 Juin—1 Juillet 1922. Paris [1922]. pp. 147. 
(Reference.) From the Secretary. 


Il. By Purchase. 


Austin, Witi14mM E. Principles and practice of fur dressing 
and fur dyeing. New York 1922. pp. vi+191. ill. 21s. net. 


(Recd. 8/1/23.) 

CaRNOT, ADOLPHE. ‘Traite d’analyse des substances minérales. 
Vol. IV. Revised, with appendix by E. Gourtat. Paris 1922. 
pp. [iv]+1050. ill. (Recd. 9/1/23.) 

GARDNER, Henry A. Physical and chemical examination 
of paints, varnishes, and colors. [Washington] 1922. pp. 220. 
ill. [Together with 18 circulars of the U.S. Standards Specifications 
Board.] 52s. 6d. net. (ecd. 20/12/22.) 

LIESEGANG, RAPHAEL Ep. Kolloidchemie. 1914—1922. Dresden 
1922. pp. viii+100. (Recd. 4/1/23.) 

Litinsky, L. Messung grosser Gasmengen : Anleitung zur praktis- 
chen Ermittlung grosser Mengen von Gas- und Luftstrémen in 
technischen Betrieben. (Chem. Tech. in Einzeldarstellungen.) 
Leipzig 1922. pp. xvi+274. ill. (Recd. 4/1/23.) 

Lipro-CrRaMER, —. Kolloidchemie und Photographie. 2nd 
edition. Dresden 1921. pp. vilit+112. ill. (Recd. 28/12/22.) 

MONOGRAPHIEN AUS DEM GEBIETE DER Fett-CHEmMIE. Edited 
by K. H. Bauer. Vol. I., ete. Stuttgart 1922+. 

Price, Davip J., and Brown, Harotp H. [and others]. Dust 
explosions : theory and nature of, phenomena, causes and methods 
of prevention. Boston, Mass. [1922]. pp. xxii+246._ ill. 
l6s. 6d. net. (Recd. 20/12/22.) 

PutsireR, H. B. The determination of sulfur in iron and 
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steel. With a bibliography, 1797—1921. Easton, Pa. 1922. 
‘Ppp. vit160. ill. 158. net. (Recd. 15/12/22.) _ 

Wo.trr, H. Die Lésungsmittel der Fette, Ole, Wachse und 
Harze. (Monographien . .. der Fett-Chemie, Vol. I.) Stutt- 
gart 1922. pp. [viii]+118. ill. (Recd. 9/1/23.) 

WorDEN, Epwarp CHauncey. Technology of cellulose esters. 
Yol. I, in 5 parts. New York 1921. pp. cxxvi+664, cxviii, 
665—1566, cxviii, 1567—2376, cxviii, 2377—3086, 3087—3710. 
il. £10 10s. net. (Reference.) 


III. Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Institute of Science and 
Industry. First annual report of the Director. Melbourne 1922. 

. 55. 

_ ne Nicuotas Trmotuy. Professor D. K. Tschernoff 
(1889—1921). (From the Russian Economist, 1922, 2.) 

CHRISTELOW, JOSEPH WILLIAM, and Bowes, E. The viscosity 
of raw material slurry used in the manufacture of Portland cement. 
(British Portland Cement Research Assoc. Pamphlet No. 2.) 
London 1922. pp. 23. ill. 

Eayrt, Ministry of Agriculture. Technical and Scientific Service. 
Bulletin No. 20. The fixation of atmospheric nitrogen. A com- 
munication made to the Cairo Scientific Society, January 3, 1919, 
by Frank Hueues. Cairo 1922. pp. iv+14. ill. 

—- Bulletin No. 21. Report on a soil survey of zone 
No. 1 (Gharbiya), 1921. By Frank Hucues. Cairo 1922. pp. 
iw+1l. ill. 

Gipson, CHARLES STANLEY, and LaipLaw, Patrick PLAYFAIR. 
Estimation of chloroform in the blood after death. (From Guy’s 
Hospital Reports, 1922.) 

GOLDBERGER, JOSEPH, and TANNER, W. F. Amino-acid 
deficiency probably the primary etiological factor in pellagra. 
(From the U.S. Public Health Reports, 1922, 37.) 

Grin, Ricnarp. Die Umschmelzung saurer Hochofenschlacken 
in basische Schlacken und Zement. (From Stahl und Eisen, 1922, 
42.) 

HENDRICK, JAMES. Fertilisers before and after the war. (From 
the T'’rans. Highland and Agric. Soc., Scotland, 1922.) 

ILLINGWORTH, STEWART Roy. Researches on the constitution 
of coal. London [1922]. pp. iv+62. ill. 

IMPERIAL MINERAL Resources BurEAv. The Mineral Industry 
of the British Empire and Foreign Countries. War Period. Nickel. 
(1913—1919.) London 1922. pp. 56. 

—— —— Quicksilver. (1913—1919.) London 1922. pp. 39. 

— — Vanadium. (1913—1919.) London 1922. pp. 19. 
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KINGZETT, CHARLES THoMAS. Material chemistry and immaterial 
matter. (From the Chem. T'rade J., 1922, 71.) 

KoGGERMAN, Pau Nicotal. The chemical composition of the 
Esthonian M.-Ordovician oil-bearing mineral “ Kukersite.” (From 
the Acta et Comm. Univ. Dorpat, 1922, A III. 6.) ill. 

Lorine, FrepERICK Henry. Definition of relativity. London 
1922. pp. 16. 

— Definition of the ether. London 1922. pp. 16. 

— Definition of equivalence. London 1922. pp. 16. 

— Definition of isotopes. London 1922. pp. 20. 

LoTHIAN, NoRMAN VEITCH CUNNINGHAM, and WARD, ARTHUR 
Roxesy. The action of chlorinated water on galvanised-iron 
tanks. (From the J. Roy. Army Med. Corps, 1922, 39.) 

McCruppDEN, Francis H. The determination of hydrogen ion 
concentration. (From the U.S. Public Health Reports, 1922.) 

MarsH, JAMES Ernest. A suggestion for the prevention of the 
decay of building stone. 1922. pp. 4. 

OpEN, Sven. Fran en _ torvvetenskaplig och torvteknisk 
studieresa. (Meddelande 15,  Ingenidérsvetenskapsakademien.) 
Stockholm 1922. pp. 34. 

Rav, Mapyar Gora, and SIMONSEN, JoHN LIONEL. Oils and 
fats from the seeds of Indian forest trees. PartsI—V. (From the 
Indian Forest Records, 1922, 9.) 

ReaD, JoHN. A study in historical chemistry, being the Living. 
stone lectures for 1922. Sydney [1922]. pp. 48. 

SCIENTIFIC AND INDUSTRIAL RESEARCH, Department of. First 
report of the Adhesives Research Committee. London 1922. 
pp. iv+129. ill. 

Food Investigation Board. Special Report No. 9, by the 
Engineering Committee. The transmission of heat by radiation 
and convection. Experiments by Ezrer Grirrirus and A. H. 
Davis. London 1922. pp. iv+44. ill. 

Special Report No. 11. The bacteriology of 
canned meat and fish. By Writi1am GrorcE Savace, RopERICK 
Francis Hunwicke, and R. B. Cautper. London 1922. pp. 
iv+72. 

—— Fuel Research Board. Tests on ranges and cooking appliances. 
By Artur H. Barker. London 1922. pp. vi+55. ill. 
Technical Paper No. 5. An apparatus for the 
measurement of specific gravity of gases in small quantities. By 
ALFRED Buackre. London 1922. pp. ii+6. ill. 

SIMONSEN, JOHN LionEL. The essential oil from the leaves of 
Abies Pindrow, Spach. (From the Indian Forest Records, 1922, 8.) 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, February Ist, 1923, at 
8 p.m., Str Wittiam A. Tivpen, D.8c., F.R.S., Past-President, 
in the Chair. 


The following were formally admitted Fellows of the Chemical 
Society : E. Hope, J. Kenyon, E. A. Peach, and 8. G. P. Plant. 
Certificates were read for the first time in favour of : 


Frank Arthur Boys, 197, St. James’ Road, Croydon. 

Richard Burtles, M.Sc.Tech., 1, Romanby Place, 286, Wellington Road 
North, Heaton Chapel, Stockport. 

Emest Alfred Coppen, 137, Hambrough Road, Southall. 

William Everard Davies, 51, Lancaster Gate, W. 2. 

Hildyard John Eglinton Dobson, 44, Harold Road, Upper Norwood, 8.E. 19. 

Maxwell Bruce Donald, A.R.C.S8., A.I.C., Royal College of Science, 8. Kensing- 
ton, S.W. 7. 

Robert George Evans, 264, Bolton Road, Ashton-in-Makerfield, Wigan. 

Thomas Shirley Hele, M.A., Emmanuel College, Cambridge. 

Robert Fergus Hunter, 7, St. Mary’s Road, Canonbury, N. 1. 

Joseph Gilbert Jackson, B.Sc., 33, Crescent Road, Sheffield. 

Wilfrid Lawson, M.Sc., A.I.C., 15, Barrington Road, Sefton Park, Liverpool. 

Ronald Arthur Punter, B.Sc., A.I.C., The Kraal, Bishop’s Stortford. 

John Sunderland, B.Sc., 70, Thornbury Drive, Bradford. 

Harold George Turley, B.Sc., 150, Clonmore Street, Southfields, 8.W. 18. 


The following papers were read : 


“Derivatives of tetrahydrocarbazole. Part II.’ By W. H. 
PERKIN and 8. G. P. PLANT. 

“Tsolation of the oxide of a new element.” By ALEXANDER 
Scott. 

“The chemistry of polycyclic structures in relation to their homo- 
cyclic unsaturated isomerides. Part IV. The simulation of 
benzenoid properties by the five-carbon intra-annular nucleas.” 
By C. K. Incoxp, E. A. Szevey, and J. F. THorpr. 
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Ordinary Scientific Meeting, Thursday, February 15th, 1923, at 
8 p.m., Prof. T. M. Lowry, Vice-President, in the Chair. 


The CHamrMAN referred to the loss sustained by the Society, 
through death, of : 


Elected. Died. 
Frederick James Lloyd Feb. 3rd, 1876. Feb. 9th, 1923. 

The CHAIRMAN announced that in accordance with Bye-Law II, 
the following were proposed by the. Council as Honorary Fellows 
of the Society and that a ballot for their election would be held 
at the next Ordinary Scientific Meeting on March Ist. 


Bohnslav Brauner. Charles Moureu. 
Ernst Cohen. Amé Pictet. 
Gilbert Newton Lewis. Theodor Svedberg. 


Certificates were read for the first time in favour of : 


Kundan Lal Aggarwal, M.Sc., 93, Botley Road, Oxford. 

Sidney Hartley Bales, M.Sc., A.I.C., 338, High Road, Lee, S.E. 12. 

Hugh Findlay, F.1.C., 50, Bothwell Street, Glasgow. 

Mary Beatrice Ford, B.Sc., 9, Heath Street, Hampstead, N.W. 3. 

George Philip Gibson, B.Se., 136, Wilford Grove, Nottingham. 

Donald Bennett Huntingford, M.Sc., St. Paul’s School, Jalapahar, Darjeeling, 
India. 

Mary Evelyn Laing, M.Sc., 35, Henleaze Road, Bristol. 

Stephen Miall, 157, Haverstock Hill, N.W. 3. 

Victor Wallace Slater, B.Sc., 139, Ashburnham Road, Luton. 

Charles Arthur Waters, B.Sc., Bank House, Queen’s Avenue, Muswell Hill, 
N. 10. 

Edith Muriel Whincop, M.Sc., 26, Eatington Road, Leyton, E. 10. 


Messrs. J. D. Pratt and J. N. Sugden were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


William Bennett Adam, B.A. Katherine Hope Coward, M.Sc. 
George James Alexander, B.Sc. Ernest Cecil Craven. 
Donald Hatch Andrews, B.A. Augustine Malcolm Manhkram David, 
Arthur John Attwood, A.R.C.S. B.Sc. 
Kenneth Claude Bailey, M.A. John Norman Dean, B.Sc., A.I.C. 
Alfred Berthoud. James Cooper Duff, M.Sc., F.1.C. 
Ernest Alfred Blench. Allan Robert Earle, B.A. 
John Southwell Bousfield, A.R.C.S. Samuel Gray Fenton. 
Frederick Bradshaw, M.A., D.Sc. Phillip Marcus Fisk. 
Charles Crossley Mann Broughton, John Kenneth Giles, B.Sc. 

B.8e. Thomas Graham. 
Harold Eugene Buckley, M.Sc. Albert Edward Gray. 
Robert Kenneth Callow, B.A., B.Sc. John Preedy Griffiths, B.Sc., A.R.C.S. 
Joseph Cofman-Nicoresti. Leslie Julius Harris, B.Sc. 
Alexander Coutie. Thomas Arthur Harrison. 
Leslie John Couzens. Leslie Frank Hewitt, B.Sc., A.1.C. 
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Laurence Horton, B.Sc., A.R.C.S. Helena Charlotte Randall, B.Se., 
John Ingham. A.R.C.S. 

Clinton N. Laird, M.A. George Alan Redfern, B.A. 

John Laker, B.Se., A.R.C.S. Jerry Robertson. 

Wilfred Herbert Linnell, B.Sc., A.I.C. Edgar Sanders. 

Arthur D. Little. John Baldwin Shoesmith, M.Sc. ° 
Joseph Kenneth Marsh, M.Sc. Hedley Archibald Sloman, B.A.,.A.L.C. 
George Arnold Medley. Andreas Smits. , 
Ramprasad Pitamberdas Mehta, M.A. Douglas Rosebery Snellgrove, B.Se, 
Herbert Frederick Miller, B.Sc., A.I.C. Arthur Roy Stark. 

Dhirendra Nath Mukerji, M.Sc. Reginald Ernest Tebbit. 

William Owen Murch, B.Sc. John Smeath Thomas, D.Sc. 

James Herbert Oliver, B.Sc. John Thompson. 

Thomas Workman Orr, A.!.C. Hubert William Thorp, B.Se. 

William James Osborn. Frederick Vincent Tideswell, M.Sc. 
Jocelyn Patterson, M.Sc., Ph.D. Eric Wilfred Tong, B.Se., A.R.C.S. 
Francis James Paxon, B.Sec., A.R.C.S. Frederic Jenner Tritton, B.Sc. 
Edward Arthur Perren. Paule Laure Vanderstichele, M.Sc. 
Edwin William Stanley Press. Stanley Douglas Weaver, A.R.C.S. 
Edward Ebenezer Price. Montague Williams, B.Sc. 

Frank Victor Raleigh, B.A., B.Sc. Thomas Arthur Williams. 

Tara Chand Rana, M.Sc. Harold Wood, B.Sc. 


The following papers were read : 
“Spinacene : its oxidation and decomposition.” By A. CHaston 


CHAPMAN. 

“Investigations on the dependence of rotatory power on chemical 
constitution. Part XIX. The rotatory and refractive dis- 
persion of d-y-nonyl nitrite.” By R. H. Pickarp and H. 
HUNTER. 

“Investigations on the dependence of rotatory power on chemical 
constitution. Part XX. The rotatory dispersive powers of 
oxygen compounds containing the secondary octyl radical.” 
By H. Hunter. 

“Studies on hypophosphorous acid. Part V. Its reaction with 
silver nitrate.” By A. D. MrrcHeE i. 

“Communication from Drs. Hevesey and Koster concerning 
disparity between X-ray spectra of hafnium and the New 
Zealand element.”” By ALEXANDER ScorT. 

“The form of the vapour-pressure curve at high temperatures. 
Part II. The curve for sodium cyanide.”’ By C. K. INGoL. 

“The properties of ammonium nitrate. Part V. The reciprocal 
salt-pair ammonium nitrate and potassium chloride.” By 
KE. P. Perman and H. L. SaunDERs. 

“The morphine group. Part I. A discussion of the constitutional 
problem.” By. J. M. Guiuanp and R. Ropryson. 

“The morphine group. Part II. Thebainone, thebainol, and 
dihydrothebainone.” By J. M. Guiuanp and R. Rosrnson, 
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“A synthesis of pyrylium salts of anthocyanidin type. Part II,” 
By D. D. Pratt and R. Roxsrnson, 


List of Papers received between January 19th and February 15th, 
1923 ; 


‘“'Tesla-luminescence spectra. Part I. The apparatus and the 
spectrum of benzene.’ By W. H. McVicksr, J. K. Marsu, 
and A. W. STewakt. 

“The formation of derivatives of oxalacetic acid from tartaric 
acid.” By F. D. Cuarraway and G. D. ParKgs. 

** Derivatives of tetrahydrocarbazole, PartII.” By W. H. Perkin 
and 8. G, P. Pant. 

“Heterogeneous equilibria between the chlorides of calcium, 
magnesium, potassium, and their aqueous solutions.” By 
W. B. Luz and A. C. G. Eezrrton. 

“The constitution of polysaccharides. Part VI. The molecular 
structure of cotton cellulose,’ By J. C. Irvine and E. L. 
Hirst. 

“ Calculation of fundamental constants.” By E. F. Morris. 

‘* Electrolysis of acetone solutions of potassium chloro- and tri- 
chromates.” By E. F. Morris. 

“‘Spinacene : its oxidation and decomposition.”” By A. Cason 
CHAPMAN. 

“ Tsolation of the oxide of a new element.” By A. Scorr. 

‘The chemistry of polycyclic structures in relation to their homo- 
cyclic unsaturated isomerides. Part IV. The simulation of 
benzenoid properties by the five-carbon intra-annular nucleus,” 
By C. K. Ineoxp, E. A. SEELEY, and J. F. THorpe. 

“The labile nature of the halogen atom in organic compounds, 
Part VIII. The action of hydrazine on the halogen derivatives 
of acetoacetic and benzoylacetic esters and benzoylacetone.” 
By A. K. MacBeru. 

‘‘ The higher oxide of nickel.”” By O. R. Hows tu. 

‘“ Triethylene tri- and tetra-sulphides. Part III. The sulphones, 
sulphinic and sulphonic acids of the series. Extension of 
Stuffer’s law.”’ By Sir P. C. Ray. 

‘‘ Dyes derived from thiodiphenylamine.” By B. K. Sen and S$. 
Durr. 

“Dyes derived from carbazole. Part I.” By 8S. Durr. 

‘The preparation and some reactions of bromopicrin.” By L, 
HUNTER. 

‘* The intermittent glow of phosphorus,” By K., R. K. Iyer, 
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“The preparation of xylose from maize cobs.’ By A. R. Line 
and D. R. Nang. 

“The effect of pressure on the limits of inflammability of mixtures 
of the paraffin hydrocarbons with air.’ By W. PayMAN and 
R, V. WHEELER. 

“Tnorganic complex salts, Part II. Erdmann’s salt and its deriv- 
atives.’ By W. Tuomas. 

“The action of dimethyl sulphate on diphenylamine and on 
methyldiphenylamine.” By C.S8. Greson and D. C. Vinina. 

“Investigations on the dependence of rotatory power on chemical 
constitution. Part XIX. The rotatory and refractive dispersion 
of d-y-nony] nitrite.” By R. H. Pickarp and H. Hunter. 

“Investigations on the dependence of rotatory power on chemical 
constitution. Part XX. The rotatory dispersive powers of 
oxygen compounds containing the secondary octyl radical.’’ 
By H. Hunter. 

“Studies on hypophosphorous acid. Part V. Its reaction with 
silver nitrate.’ By A. D. MiTcHELL. 

“The catalytic decomposition of hydrogen peroxide solution by 
sugar carbon.” By J. B. Frrta and F. 8. Watson. 

“ Chloroiodoacetic acid.”” By H. Crompton and K. M. Carter. 

“On the calorific power of carbon compounds.” By D. 
KONOVALOV. 

“The form of the vapour-pressure curve at high temperatures. 
Part IT. The curve for sodium cyanide.” By C. K, INGorp. 

“The properties of ammonium nitrate. Part V. The reciprocal 
salt-pair ammonium nitrate and potassium chloride.” By 
E. P. PermMan and H. L. SAUNDERs. 

“The molecular refractions of chloro-, dichloro-, and chlorobromo- 
acetates.”” By P. L. VANDERSTICHELE, 

“On the conditions of reaction of hydrogen with sulphur.” By 
R. G, W. NorrisH and E. K. RipEat. 

“ Photochemical reactions of the halogen hydrides.”” By W. H. 
RopEBusH and J. NEvyas. 

“Studies of the glucosides. Part II. Arbutin.” By A. K, 
MacsBeETH and J. Mackey. 

“The action of sulphur and sulphur compounds on the terpenes 
and the adaptation of the products of reaction for making 
a preparation of liquid gold for ceramic industry.” By 
P. P. Bupnikorr and E, A. SHimov. 

“Sur le yodure d’azote.”” By C. Giueuiorro, 

“The combustion of complex gaseous mixtures. Part II. 
Mixtures of carbon monoxide and hydrogen with air.” By 
W. Payman and R. V. WHEELER. 


“ Bromo-derivatives of 4-methylglyoxaline.” By F. L. Pymay 
and G. M. Trmis. 

“The morphine group. Part I. A discussion of the constitutional 
problem.”” By J. M. GuLuanp and R. Rosinson. 

“The morphine group. Part II. Thebainone, thebainol, and 
dihydrothebainone.” By J. M. GuLLaND and R. Rosrnsoy, 

“A synthesis of pyrylium salts of anthocyanidin type. Part II.” 
By D. D. Pratt and R. Rosrnson. 

“The bromination of glyoxaline-4-carboxyanilide.” By H. Kiya 
and W. O. Murcu. 

“Phosphorous acid esters. The influence of the character of the 
groups R’R”’R’” upon the stability of the molecular complexes 
R’R”R’”’C-OPCl, and R’R”’R’”’C-OP(OH),. Part I.” By 
D. R. Boyp and G. CHIGNELL. 

“Co-ordination compounds and the Bohr atom.” By N. YV, 
SID@wIcK. 

* Silver salvarsan.”. By W. H. Gray. 


ANNUAL GENERAL MEETING. 


The Annual General Meeting will take place on Thursday, 22nd 
March, 1923, at 4 p.m. when Sir James Walker will deliver his 
address entitled ‘Symbols and Formule.” 


ANNIVERSARY DINNER. 


The Anniversary Dinner will be held at the Hotel Cecil, Strand, 
on March 22nd, at 7 for 7.30 p.m., the day of the Annual General 
Meeting. The presence of ladies will be welcomed. 

Tickets, price 12s, 6d. each (not including wine), can be obtained 
from the Assistant Secretary, to whom application should be made 
as soon as possible. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 
BE.atgw, NicHo.as Timotuy. Crystallisation of metals: being 
a course of advanced lectures in metallurgy. London [1923]. 
pp. 144. ill. 7s. 6d. net. (Reed. 22/1/23.) From the Author. 
Cross, CHARLES FREDERICK, and Dor&Ee, CHARLES. Researches 
on cellulose. IV (1910-1921) (Vol. IV of the series “‘ Cross and 
Bevan’’). London 1922. pp. x + 254. ill, 15s. net. (Reed. 
1/2/23.) From the Authors. 
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HemMiInGc, Emtue. Plastics and molded electrical insulation. 
New York 1923. pp. viii+- 314. ill. $5 net. (Recd. 7/2/23.) 
From the Publishers : The Chemical Catalog Company, Inc. 
Hewitt, JoHN THEODORE. Synthetic colouring matters: dye- 
stuffs derived from pyridine, quinoline, acridine, and xanthene. 
London 1922. pp. xii + 406. 14s. net. (Recd. 15/1/23.) 
From the Author. 
InsTITUTE OF Merats. Journal. Name-Subject index to Vols. 
I—XXV, 1909—1921. London 1922. pp. vi + 490. (Reference.) 
From the Institute. 
KEHRMANN, FRIEDRICH. Gesammelte Abhandlungen. Vol. I. 
Leipzig 1922. pp. viii + 203. (Recd. 27/1/23.) 
From the Publisher: Herr Georg Thieme. 
ORGANIC SYNTHESES: an annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. II, edited 
by JAMES Bryant Conant, Hans THACHER CLARKE, ROGER 
ApaMs, and Otiver Kamm. New York 1922. pp. viii + 100. ill. 
7s. 6d. net. (Recd. 5/2/23.) 
From the London Publishers: Messrs. Chapman & Hall. 
SPENCER, JAMES FREDERICK. Les métaux des terres rares. 


Translated by J. Danien. Paris 1922. pp. x + 280. ill. (Reed. 


26/1/23.) From the Author. 
WarsER, Bruno. Die Luftstickstoffindustrie. Mit besonderer 
Beriicksichtigung der Gewinnung von Ammoniak und Salpeter- 
siure. (Chem. Tech. in Einzeldarstellungen.) Leipzig 1922. pp. 
viii + 586. ill. (Reed. 27/1/23.) 
From the Publisher: Herr Otto Spamer. 
Wevt, TuHeopor. [Editor.] Die Methoden der organischen 
Chemie. 2nd edition. Edited by Joszr Hovupen. Vol. II. 
Leipzig 1922. pp. xxviili+ 1115. ill. (Reed. 5/2/23.) 
From the Publisher: Herr Georg Thieme. 
Youne Brewer's Monitor, THE, comprising a luminous and 
scientific summary of that very ancient and important art; with 
aseries of cautionary precepts for conducting, with peculiar economy 
and safety, the various critical operations of the brewery. London 
1824. pp. viii + 120. (Recd. 1/2/23.) 
From Dr. Alexander Scott. 


II. By Purchase. 
AMERICAN SocigTy FoR TestTING Mareriats. A.S.T.M. Standards. 
Issued triennially. 1921. Philadelphia 1921. (Reference.) 
Bary, Pau. Le caoutchouc. Paris 1923. pp. vi-+ 256. 
il. 29 fr. net. (Recd. 17/1/23.) 
Brock, A. St. H. Pyrotechnics: the history and art of firework 
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making. London 1922. pp. xvi+ 198. ill. 25s. net. (Reed, 
17/1/23.) 

Ciayton, Wi11AM. The theory of emulsions and emulsification, 
London 1923. pp. viii + 160. ill. 9s. 6d. net. (Recd. 17/1/23.) 

Eckert, EDwin CLARENCE. Cements, limes, and plasters : their 
materials, manufacture, and properties. 2nd edition. New York 
1922. pp. xxxii+ 655. ill. 32s. 6d. net. (Recd. 22/1/23.) 

EHRMANN, EpovarD. ‘Traité des matiéres colorantes organiques 
et de leurs diverses applications. Paris 1922. pp. xxiv + 616. 
63°75 fr. net. (Recd. 1/2/23.) 

FREUNDLICH, HERBERT. Kapillarchemie: eine Darstellung der 
Chemie der Kolloide und verwandter Gebiete. 2nd edition. Leipzig 
1922. pp. xvi+ 1182. ill. (Reed. 12/1/23.) 

Gipson, CHARLES STANLEY. The chemistry of dental materials, 
London 1922. pp.176. ill. 12s. 6d. net. (Recd. 22/1/23.) 

GREENISH, HENRY GEORGE. The microscopical examination of 
foods and drugs. 3rd edition. London 1923. pp. xx + 386. 
ill. 18s. net. (Recd. 17/1/23.) 

Levy, Lzonarp. Gasworks recorders. London 1922. pp. 
xii + 246. ill. 35s. net. (Recd. 22/1/23.) 

LippELL, Donaup M. [Editor.] Handbook of chemical engin- 
eering. 2 vols. New York 1922. pp. x + 518, vi, 519—1008. 
ill. 40s. net. (Recd. 17/1/23.) 

MULLIKEN, SAMUEL Parsons. A method for the identification 
of pure organic compounds by a systematic analytical procedure 
based on physical properties and chemical reactions. Vols. I, II, 
and IV. New York 1904—1922. pp. xii + 264, x + 328, viii + 
238. ill. 80s. net. (Recd. 25/1/23.) 

Noyes, ArtHuR Amos, and SHERRILL, Mines STANDISH. An 
advanced course of instruction in chemical principles. New York 
1922. pp. xvili-+ 310. ill. 18s. net. (Recd. 27/1/23.) 

PasteuR, Louis. (éuvres. Collected by Pasteur VALieERY- 
Ravot. Vols. I and II. Paris 1922. pp. x + 480, viii + 664. 
ill. 115 fr. net. (Recd. 1/2/23.) 

UNDERHILL, FRANK Pett. The lethal war gases: physiology 
and experimental treatment. An investigation by the section on 
intermediary metabolism of the medical division of the chemical 
warfare service at Yale University. New Haven 1920. pp. xiv + 
310. ill. 75s. net. (Reed. 2/2/23.) 

Ill. Pamphlets. 

ASSOCIATION OF BRITISH CHEMICAL MANUFACTURERS and BRITISH 

CHEMICAL PLANT MANUFACTURERS’ AssociaTION. Joint Research 


Committee on Chemical Plant. Report of sub-committee for stan- 
dardisation of filter-press plates. London [1922]. pp. 15. ill. 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, March Ist, 1923, at 
8 p.m., Professor H. B. Dixon, C.B.E., F.R.S., Past-President, 
in the Chair. 


It was announced that the Society had lost, through death, Mr. 
Frank Hughes, who was elected on Feb. 15th, 1894. 


The following List of Nominations for vacant places on the 
Council was read from the Chair : 

President—_W. P. Wynne. 

Vice-Presidents who have filled the office of President (two 
vacancies).—Sir William J. Pope; Sir James Walker. 

Vice-Presidents who have not filled the office of President (three 
vacancies).—J. T. Hewitt; G. T. Morgan; J. M. Thomson. 

Treasurer.—J. F. Thorpe. . 

Ordinary Members of Council : (a) Town Members, that is, those 
resident within 50 miles of Charing Cross (three vacancies).— 
C. K. Ingold; G. W. Monier-Williams; J. Reilly. (6) Country 
Members, that is, those resident beyond 50 miles from Charing 
Cross (three vacancies)—E. F. Armstrong, W. N. Haworth; H. 
McCombie. 

Messrs. G. J. Alexander, E. A. Blench, P. M. Fisk, W. O. Murch, 
R. E. Tebbit, W. Thomas, F. J. Tritton, and M. Williams were 
formally admitted Fellows of the Chemical Society. 

Certificates were read for the first time in favour of : 


Joseph Arthur Baume, 21, Watcombe Circus, Carrington, Nottingham. 
Thomas Vincent Blake, 208, Albany Road, Cardiff. 

Joseph Brown, 24, Riversdale Terrace, Sunderland. 

Basil Elmsley Coke, O.B.E., B.A., Army and Navy Club, Pall Mall, S.W. 1. 
Gordon William Dorrell, B.Sc., 1, Niederwald Road, Sydenham, 8.E. 26. 
Willis Alexander Gibbons, A.M., Ph.D., 561, West 58th Street, New York. 
John Thomas Holden, B.Sc., 123, Percy Road, Shepherd’s Bush, W. 12. 
Robert Barry Johns, 36, Chapel Road, Northenden, Manchester. 


William Hugh Jones, B.Sc., Victoria Villa, Burgess Tower, Denbigh. 

Narain Das Kehar, B.Sc., Rupar District, Amballa, India. 

Wilfrid Leslie Lamb, M.A., St. Laurence College, Ramsgate. 

Arthur Milnes Morley, M.Sc.Tech., A.I.C., 158, Oldham Road, Miles Platting, 
Manchester. 

Kanwal Nain, c/o S. M. A. Shah, Esq., Royal Veterinary College, Camden 
Town, N.W. 1. 

Charles Ashe Pelley, Burton Garth, Courtland Road, Paignton. 

Albert Rose, 4, Moorland View, Higher Eldwick, Yorks. 

Sidney Walter Saunders, B.Sc., 139, Riverdale Road, Erith. 

Christopher Caiger Smith, B.Sc., The Ferns, Eversley Crescent, Isleworth. 

Daniel Whitehead Steuart, B.Sc., Melrose, Uxbridge Road, Southall. 

Allan Miles Ward, B.Se., The Croft Cottage, Bridge Street, Walton-on- 
Thames. 

Edward Johnson Wayne, 20, Cowper Street, Leeds. 

Mahomed Yacob, M.B., B.S., c/o S. M. A. Shah, Esq., Royal Veterinary 
College, Camden Town, N.W. 1. 


Miss F. M. G. Micklethwait and Dr. M. A. Whiteley were appointed 
Scrutators, and a ballot for the election of Honorary Fellows was 
held. The following were subsequently declared duly elected as 
Honorary Fellows: Bohuslav Brauner, Ernst Cohen, Gilbert 
Newton Lewis, Charles Moureu, Amé Pictet, Theodor Svedberg. 


The following papers were read : 

“‘ Co-ordination compounds and the Bohr atom.” By N. V. Srve.- 
WICK. 

“Silver salvarsan.” By W. H. Gray. 

“On the propagation of the explosion-wave. Part I. Hydrogen 
and carbon monoxide mixtures.” By H. B. Drxon and N. S$. 
WALLS, 

“The molecular configuration of polynuclear aromatic compounds. 
Part II. 4:6: 4’-Trinitrodiphenic acid and its resolution into 
optically active components.” By G. H. Curistiz and J. 
KENNER. 

“Physostigmine. Part I. Alkylation products of eseroline.” 
By G. Barcer and E. STEDMAN. 


Ordinary Scientific Meeting, Thursday, March 15th, 1923, at 8 p.m., 
Prof. T. M. Lowry, C.B.E., F.R.S., Vice-President, in the Chair. 


It was announced that the Society had lost, through death, the 


following Honorary Fellow : 
Elected. Died. 
Johannes Diderik van der Waals Jan. 20th, 1898. March 8th. 


The following were formally admitted Fellows of the Chemical 
Society: D. A. Hoffert, F. J. Paxon, and 8S. D. Weaver. 
Certificates were read for the first time in favour of : 
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Jyoti Prokash Bose, M.B., 25, Mohendra Bose Lane, Shambazar, Calcutta. 

John Dexter, B.A., B.Sc., King’s College, Cambridge. 

Khwaja Habib Hassan, B.Sc., B.Sc.Agric., Industrial Laboratory, Hyderabad, 
Deccan, India. 

Ernest Avery Roff, B.Sc., Roseville, St. Margaret’s, Twickenham. 

Eugene Rothstein, 8, Woodchurch Road, N.W. 6. 

Norman Frederick Watterson, B.Sc., A.I.C., Constitution Hill, Wellington, 
Salop. 


The following papers were read : 


“The oxime of mesoxamide (isonitrosomalonamide) and some 
allied compounds. Part III. Ring formation in the tetra- 
substituted series.’ By E. H. Usnerwoop and M. A. 
WHITELEY. 

“The preparation and stability of cuprous nitrate and other 
cuprous salts in the presence of nitriles.’ By H. H. Morean. 

“The interaction of hydrogen sulphide, thiocyanogen, and 
thiocyanic acid with unsaturated compounds.” By F. 
CHALLENGER, A. L. Smiru, and F. J. Paton. 

“The polarity of double bonds.” By T. M. Lowry. 

“A direct synthesis of certain xanthylium derivatives.” By 
D. D. Pratt and R. Rosryson. 


BAEYER MEMORIAL LECTURE. 


The Baeyer Memorial Lecture will be delivered by Professor 
W. H. Perkin, LL.D., F.R.S., in the Lecture Hall of the Institution 
of Mechanical Engineers, Storey’s Gate, Westminster, on Thursday, 
May 10th, 1923, at 8 p.m. 


List of papers received between February 16th and March 15th, 
1923 : 

“On the propagation of the explosion-wave. Part I. Hydrogen 
and carbon monoxide mixtures.” By H. B. Dixon and N. 8. 
WALLS. 

“Absorption of light by some acids and their salt solutions; a 
new method of determining extinction-coefficient in the ultra- 
violet.” By J. C. Guosu. 

“Condensation of fluorenone with phenols.” By B. K. Sen and 
8. Durr. 

“The oxidation of triethylene tetrasulphide with potassium per- 
manganate.” By P. C. Ray. 

“The nitro-derivatives of m-cresol.”” By G. P. Gipson. 

“The application of the Hofmann reaction to substituted carb- 


amides.” By G, R. Ex.iorv. 
« 
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“The molecular configuration of polynuclear aromatic compounds, 
Part Il. 4:6: 4'-Trinitrodiphenic acid and its resolution into 
optically active components.” By G. H. Cristie and J, 
KENNER. 

“Reactions of thiosemicarbazones. Part II. Action of esters of 
«-halogenated acids.”” By F. J. WILson and R. Burns. 
“The ignition of mixtures of hydrogen and oxygen by sudden 

compression.” By H. T. Tizarp. 

“The oxime of mesoxamide (isonitrosomalonamide) and some 
allied compounds. Part III. Ring formation in the tetra. 
substituted series.” By E. H. Usnerwoop and M. A. 
WHITELEY. 

“ Physostigmine. Part I. Alkylation products of eseroline.” By 
G. Barcer and E. StepMaAN. 

“ The preparation and stability of cuprous nitrate and other cuprous 
salts, in the presence of nitriles.” By H. H. Moraan. 

“The oxidising properties of sulphur dioxide. Part IV. Mbolyb- 
denum sulphates.” By W. Warpiaw and N. D. SyLvEster. 

‘Synthesis of 1: 2-dimethyl-4-hydroxyanthraquinone.” By A. 
FAIRBOURNE and J. M. GAUNTLETT. 

“The interaction of hydrogen sulphide, thiocyanogen, and 
thiocyanic acid with unsaturated compounds.” By fF. 
CHALLENGER, A. L. Smiru, and F. J. Paton. 

“The polarity of double bonds.” By T. M. Lowry. 

** Organo-derivatives of thallium. Part VI. Compounds of the 
type R,TIX.” By A. E. Gopparp. 

“Studies on the dolomite system. Part I. The nature of the 
substance dolomite.”” By A. E. MrrcHeEtt. 

“Studies in organic compounds containing sulphur. Part I. 
The effect on general absorption due to the valency and mode 
of linkage of the sulphur atom.” By D.T. Grsson, H. Granay, 
and J. REIp. 

** The influence of nitro-groups on the reactivity of substituents in 
the benzene nucleus. Part VII. Reactions of 2:5- and 
4 : §-dinitro-m-xylenes.”” By K. IspBotson and J. KENNER. 

“A direct synthesis of certain xanthylium derivatives.” By 
D. D. Pratt and R. RosBinson. 

“The isomerism of the crotonic and the 8-chloro-crotonic acids.” 
By F. H. McDowa tt. 

“The velocity of reaction in mixed solvents. Part V. a. The 
velocity of formation of quaternary ammonium salts. 6. The 
study of an intramolecular change.” By J. Derxtzr, H. 
McComsig, and H. A. ScaRBOROUGH. 

“The chemistry of the three-carbon system. Part I, The in- 


29 


fluence of the cyclohexane ring on the «§8-fy-change.” By 
S. F. Brmecu, G. A. R. Kon, and W. S. G. P. Norris. 

“Tmino-aryl ethers. Part II. The thermal decomposition of 
N-arylaryliminoaryl ether hydrochlorides.’ By A. W. 
CHAPMAN. 

“The Tesla-luminescence of compounds. Part II. The effect of 
varying temperature and pressure on the benzene spectrum.” 
By W. H. MoVicxer and J. K. Marsu. 

“The fluorescence spectrum of benzene vapour.” By W. H. 
MoVickerR and J. K. Marsa. 

“Dyes derived from phenanthraquinone. Part IJ. Phenanthra- 
imidazoles.” By A. C. SmrcaR and G. C. Srroar. 

“Studies on thallium compounds. Part II. The reduction of 
thallic compounds with ferrous sulphate and with sodium 
arsenite.” By A. J. Berry. 

“The photochemistry of unstable substances.” By E. J. BowEn. 

“The labile nature of the halogen atom in organic compounds. 
Part IX. The electrical conductivities and the reduction of 
derivatives of nitroform.” By T. Hzenprrson, E. L. Hirst, 
and A. K. MacsBetu. 

“The molecular configurations of polynuclear aromatic com- 


pounds. Part III. 3:5:3’:5’-Diphenyl tetracarboxylic 
acid.” By H. Burton and J. KENNER. 

“The viscosity of some cellulose acetate solutions.” By E. W. J. 
MARDLES. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, MAY 3rp, 1923. 


N.B.—The names of those who sign from ‘“ General Knowledge ” 
are printed in dtalics. 


AGGARWAL, Kunpan Lat, 93, Botley Road, Oxford. Indian. Student. 
Passed the M.Sc. exams. of the Punjab University in 1922, standing first 
in the Province, getting a Ist Class. Acted as a student demonstrator in 
Chemistry to the B.Sc. class for two years at the Forman Christian College, 
Lahore (India). (Signed by) Vidya Sagar Puri, Hubert T. 8. Britton, Alan 
Newton Campbell. 

Bates, SripNEy Hartiey, 338, High Road, Lee, S.E.12. British. 
Chemist. M.Sc. (Leeds). Associate Institute of Chemistry. Nearly seven 
years’ analytical and experimental investigation work in Directorate of 
Chemical Inspection, Royal Arsenal, Woolwich (present post). Principal 
author of ‘“‘ Note on Hydrolysis of §’-Dichlorodiethyl Sulphide (Trane., 
Oct. 1922). (Signed by) A. Vincent Elsden, W. L. Baillie, Alex. J. Boyd, 
E. Francis Smith. 
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BAuME, JosEPH ARTHUR, 21, Watcombe Circus, Carrington, Nottingham, 
Dyestuff and Chemical Merchant. Student at Nottingham University 
College, studying Organic and Inorganic Chemistry, and also Dyeing and 
Bleaching. (Signed by) F. 8S. Kipping, F. C. Laxton, 8. J. Pentecost. 

Buake, THomas VINCENT, 208, Albany Road, Cardiff. English. Industrial 
Chemist (Gas Works) to Cardiff Gas Light & Coke Company. 6 years 
Chief Chemist at Leicester Gas Works. 4 years Chief Chemist at Cardiff 
Gas Works. Full technological certificates in both Gas Engineering and 
Gas Supply (1921-22) with Inorg. and Organic Chemistry and Building 
Construction as qualifying subjects. (Signed by) D. Owen Davies, Harold 
M. Royle, J. H. Canning. 

Bose, Jyotr Proxasu, M.B., 25, Mohendra Bose Lane, Shambazar, 
Calcutta, India. Indian, Bengali. Research Scholar on Diabetes, School 
of Tropical Medicine and Hygiene, Calcutta. (1) Bachelor of Medicine, 
Calcutta University, 1919. (2) Gold medallist in chemistry and physics of 
the Indian Association for the Cultivation of Science, 1913. (3) Post. 
graduate worker in Analytical Chemistry, Chemical Laboratory, Medical 
College, Calcutta, 1920. (4) Post-graduate worker in Bio-chemistry with 
special reference to research work on Diabetes at St. Bartholomew’s Hospital, 
London, 1921-1922. (5) Author of a new colorimetric method for quantit- 
ative determination of sugar in normal urine (in collaboration with Dr. 
Mackenzie Wallis, of Bart.’s, London). (6) Author of the following papers: 
(a) “‘Glycosuria in Pregnancy ”’ (jointly with Dr. Mackenzie Wallis of Bart.’s), 
Journal of Obstetrics and Gynecology of the British Empire, Vol. 29, 
summer, 1922. (b) ‘‘ General Review on Diabetes,’? Indian Journal of 
Medicine, January 1923. (c) ‘Glucose Tolerance Tests and their Inter. 
pretations,” read at the Science Congress, January 1923. (Signed by) 
Chuni Lal Bose, Sudhamoy Ghosh, Beni Madhub Chakravarti. 

Boys, Frank ARTHUR, 197, St. James’ Road, Croydon. British. 
Pharmacist. Reason for desiring admission: To keep in touch with the 
developments of chemistry, and to have the use of the Society’s Library. 
(Signed by) Reginald C. Bickmore, F. W. MacMahon, Fredk. G. W. Knapman. 

Brown, JOSEPH, 24, Riversdale Terrace, Sunderland. Final Honours 
student in Chemistry at Armstrong College, Newcastle-on-Tyne. Have 
studied Chemistry at Armstrong College for three years as an Honours 
student. (Signed by) W. N. Haworth, G. C. Leitch, H. V. A. Briscoe. 

BurTLES, RicHarD, 1, Romanby Place, 286, Wellington Rd. North, 
Heaton Chapel, Stockport. British. Research Chemist (student). M.Sc.Tech. 
(Manchester). Studying for degree of Ph.D. Eighteen months’ research 
at Manchester College of Technology. Joint author with Professor 
Pyman of a paper on “ Tautomerism of Amidines” about to be published 
in the Transactions. (Signed by) Frank Lee Pyman, Edmund Knecht, 
John K. Wood. 

Coxe, Basti Exmstey, O.B.E., Order of St. Suva, Army and Navy Club, 
Pall Mall, London, 8.W.1. English. Major, Royal Engineers (retd.). 
B.A. (Hons.) Cantab. Pt. I. Natural Sciences Tripos (Physics, Chemistry, 
Geology). (Signed by) Hamilton McCombie, Harold A. Scarborough, A. E. 
Cashmore. 

CorPpEN, ERNEST ALFRED, ‘‘ Exmoor,” 137, Hambrough Road, Southall, 
Middx. British. Lecture Assistant, Imperial College of Science (Chemistry 
Dept.). Solar Physic Dept. (Sir Norman Lockyer), 1884-1890. Chemistry 
Dept., R.C.S., 1890 to date. (Signed by) H. B. Baker, Jocelyn Thorpe, 
James C. Philip. 
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Davies, Witt1AM EvERARD, 51, Lancaster Gate, W.2. Welsh. Chemical 
Engineer and Chemist. (1) Student: Demonstrator, Chemical Dept., South 
Wales and Mon. School of Mines, Treforest, Glam., 3 yrs. (2) Chief Chemist, 
Lewis Merthyr Consolidated Collieries, Ltd., Trehafod, for Mine and Coke- 
oven Chemistry, 2 yrs. (3) Research Chemist and Inventor and Patentee 
of the Everard Davies System of Fuel Distillation, embracing Gas-works 
Carbonisation and Gasification Plant, Coke-ovens, and Low Temperature 
Plant. Articles re same recently appeared in Gas Journal, World, and Iron 
and Coal Trades Review, etc. Patents secured: 127940; 131105; 136880; 
165825; 143602, etc. (Signed by) Jenkyn A. Griffiths, Stephen N. Welling- 
ton, David Brownlie. 

DextTER, JoHN, King’s College, Cambridge. English. Research Student. 
B.A. (Cambridge, Ist Cl. Hons., Nat. Sci. Tripos, Part II). B.Sc. (London, 
Ist Cl. Hons., Chemistry). (Signed by) Hamilton McCombie, Harold A. 
Scarborough, A. E. Cashmore. 

Dosson, Hinpyarp JoHN Ecuinton, 44, Harold Road, Upper Norwood, 
§.E.19. English. Post-graduate Research Student and Student Demon- 
strator at University College, Gower St., London, in the Department of 
Chemistry. (Signed by) J. N. Collie, Irvine Masson, F. G. Donnan. 

DonaLpD, MAxwELt Bruce, Royal College of Science, London, 8.W. 7. 
British. Demonstrator at the Royal College of Science, London. A.R.C.S. 
1921 (Chemistry). A.I.C., M.S. (M.I.T.), 1922. Chemical engineering 
practice. (Signed by) Arthur A. Eldridge, H. J. T. Ellingham, R. 8. Colborne. 

DoRRELL, GORDON Wrti1AM, 1, Niederwald Rd., Sydenham, §S.E. 26. 
British. Post-graduate. Chemistry Research at University College, London. 
B.Sc. (Hons., Lond.), Ist Class in Chem., 1922. (Signed by) W. E. Garner, 
Thomas Iredale, Allan E. Mitchell. 

Evans, RoBerT GEORGE, 264, Bolton Road, Ashton-in-Makerfield, Wigan. 
Welsh. Mining Engineer. London University Matriculation, Sept. 1919. 
Assoc. Institute of Mining Engineers and the Manchester Geological and 
Mining Society. 3 years full-time course at Wigan Technical College, where 
Chemistry and the Chemistry of Fuels was taken up to London University 
B.Sc. standard. Desirous of keeping in touch with the developments of 
Chemistry so that I may continue to assist with chemical operations required 
inthemine. (Signed by) E. B. Naylor, Wilfred Harrison, Charles R. Gardner. 

Finptay, Huex, 50, Bothwell Street, Glasgow. British. Consulting 
Chemist to Messrs. J. and P. Coats, Ltd., Glasgow. Fellow of the 
Institute of Chemistry. 30 years’ experience in textile chemistry as 
Chemist, Works Manager, Research Chemist, and Consultant. (Signed by) 
F. J. Wilson, John A. Cranston, A. D. Gardiner, F. W. Harris. 

Forp, Mary Beatrice, 9, Heath Street, Hampstead, N.W.3. British 
Student. B.Sc. degree, London, 1915. Two years employment as temporary 
chemical assistant in the Government Laboratory, London. Since then I 
have spent two years in study in America and am at present engaged in 
research at the Birkbeck College. (Signed by) Geo. Stubbs, Eileen M. 
Chatt, Wm. W. Myddleton. 

Gippons, WILLIS ALEXANDER, 561, West 58th Street, New York, U.S.A. 
American. In charge of Chemical Research Department, U.S. Rubber 
Company, General Laboratories. A.M., Ph.D., Assistant in Chemistry and 
Graduate Student, Cornell University, 1910-1912. Graduate Student, 
Columbia University, 1913-1914. Author or joint-author of various articles 
on Inorganic and Physical Chemistry and on the vulcanization of rubber. 
Patentee of various processes in connection with the manufacture of rubber 
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goods. Assistant Military Attaché, American Embassy, London, 1917- 
1918. Captain, Ordnance Department, U.S. Army. Chief of the Loading 
Branch Artillery Ammunition Division, Ordnance Department, 1918-1919, 
(Signed by) Wilder D. Bancroft, T. Martin Lowry, Wiiliam J. Pope, Robert 
Robertson, R. C. Farmer. 

Gipson, GrorcE Puinir, 136, Wilford Grove, Nottingham. British, 
Research Student. Student, Univ. College, Nottm., 1919 onwards. B.Sc, 
(Lond.), 1921, 2nd Class Hons. Chem, (Signed by) F. Stanley Kipping, 
E. B. R. Prideaux, B. D. Shaw. 

Hassan, Kuwasa Haprs, Hyderabad, Deccan, India (Industrial Labor. 
atory). Indian. Chemist. Bachelor of Agriculture (India). Bachelor of 
Science, Leeds University. Two contributions to the Journal of Leather 
Trades Assocn. on Indian Vegetable Tannins and Effect of Acids on Tan 
Solution. (Signed by) J. B. Cohen, W. Lowson, Arthur Smithells, P. K. 
Dutt. 

Hete, Tuomas Suirtey, Emmanuel College, Cambridge. British. 
Lecturer in Biochemistry, University of Cambridge. Fellow of Emmanuel 
College, Cambridge. Papers on Metabolism in Journal of Physiology. 
(Signed by) F. G. Hopkins, W. H. Hurtley, Marjory Stephenson. 

Hoven, Joun Tuomas, 123, Perey Rd., Shepherds Bush, W. 12. British. 
Assistant Chemist to the British Launderers Research Association. B.Se, 
(Lond.). In order to keep in touch with recent developments of Chemistry, 
and to use the Library. (Signed by) R. G. Parker, Harold Hunter, E. C. 
Edgar. 

Hunter, Rosert Feraus, 7, St. Mary’s Rd., Canonbury, N. 1. British 
Student of Chemistry at the Royal College of Science. Intermediate B.Sc., 
Honours. Studying for B.Sc. Honours and A.R.C.Sc., to be followed by 
Ph.D. (Signed by) H. B. Baker, P. C. Bull, H. F. Harwood. 

Huntincrorp, Donatp BENNETT, St. Paul’s School, Jalapahar, Dar 
jeeling, India. Student, East London College, Oct. 1916-Oct. 1919. 
Graduated with 2nd Class Hons., Oct. 1919. Lecturer and Demonstrator, 
East London College, Oct. 1919-Jan. 1923. Admitted as Associate of 
the Institute of Chemistry, Nov. 1922. Passed M.Sc. Degree, Jan. 1923. 
Royal Microscopical Society’s Journal, ‘“ Reduction of Osmic Acid by 
Lipoids,” Nov. 1920, and Journal, Chemical Society, “‘ Dissociation Pressures of 
Salt Hydrates ”’ (in collaboration with Prof. J. R. Partington), Jan. 1923. 
(Signed by) J. R. Partington, F. W. Bury, Eustace E. Turner, W. H. Patterson, 
J. H. Coste, F. G. Pope. 

JACKSON, JOSEPH GILBERT, 33, Crescent Rd., Sheffield. British. Research 
Student, Sheffield University. B.Sc. (1st Class Hons.) (Sheffield). Engaged 
in Research in Organic Chemistry at Sheffield University. (Signed by) 
W. P. Wynne, J. Kenner, Cecil H. Desch, M. A. Whiteley, James C. Philip. 

Jouns, Rosert Barry, 36, Chapel Road, Northenden, near Manchester. 
British. Relief Manager and Chemist of Essence and Chemical Depts., 
Merchant Taylors’ School, Great Crosby, near Liverpool. Complete course 
in Chemistry, chiefly organic, extending over fully five years. With Messrs. 
C. W. Field, Ltd., Liverpool, for 7 years as technical representative for 
essences, flavours, drugs, etc. With Messrs. Bratby and Hinchliffe, Ltd., 
from 1913 to date as technical representative for ditto, also for 1 year as 
Assistant Chemist. Wish to join Chemical Society in order to keep abreast 
of modern advances in organic Chemistry through the publications of the 
Society. (Signed by) W. McHutchison, Andrew S. Matchett, R. T. Thomson. 

Jones, Witu1aM Hues, Victoria Villa, Burgess Tower, Denbigh (165, 
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Ramsay Rd., Forest Gate, London, E. 7). British. Teacher (L.C.C. School), 
B.Sc. (Hons.) (Wales), 1921, University College of North Wales, Bangor. 
Inter. Science (1914-1915), University College of North Wales, Bangor. 
Final and Honours (1919[Apl.]-1921), University College of North Wales, 
Bangor. 3rd Class at Honours in Chemistry. (Signed by) Kennedy J. P. 
Orton, G. W. Robinson, H. B. Watson. 

Kenar, Narain Das, B.Sc., Rupar Dist., Amballa (Punjab). Hindu 
(non-Brahmin). Consulting chemist to the “‘ Punjab Modern Shellac Works,” 
Balarampur Dist., Manbhum (B.N. Ry.). I carried out special research 
work on ‘‘ Soap Manufacture ” during the last two years, submitted thesis 
on the subject, and won the University scholarship. At present carrying 
on experiments on Lac dye, Lac cultivation, and its manufacture. 
(Signed by) Edwin Theodore Dean, N. A. Yajnik, S. R. Khosla. 

Laing, Mary Evetyn, 35, Henleaze Road, Bristol. Research Assistant 
in Physical Chemistry at the University of Bristol. M.Sc., Bristol, 1919. 
Publications in Trans. Chem. Soc., 1918, 118, 435; 1919, 115, 1280; 1920, 
117, 1506; 1921, 119, 1671; 1922, 121, 621. (Signed by) F. Francis, J. W. 
McBain, M. Taylor. 

Lams, WILFRID LESLIE, St. Laurence College, Ramsgate. British. Senior 
Chemistry Master. Open exhibitioner in Natural Science, Christ Church, 
Oxford, 1911. M.A. Head of Routine Laboratory, H.M. Factory, T.N.T. 
explosive, 1915-16. R.E. (Water Filtration), Mesopotamia, 1917-19. 
2nd chemistry master, Oundle School, 1919-20. Senior chemistry master, 
St. Laurence College, Ramsgate, 1920-. (Signed by) H. B. Baker, Humphrey 
Paget, W. H. Gray. 

Lawson, WILFRID, 15, Barrington Road, Sefton Park, Liverpool. British. 
Research Chemist at the Bland-Sutton Institute of Pathology, the Middlesex 
Hospital, W.1. M.Sc., School of Chemistry, Liverpool University, 1919 
(B.Sc., Hons., 1917). A.I.C., June 1919. Research assistant to Professor 
R. Robinson, D.Sc., F.R.S., Jan. 1920-Oct. 1921. (Signed by) E. C. C. 
Baly, Herbert H. Froysell, William Doran, F. C. Guthrie. 

Mratt, STEPHEN, 157, Haverstock Hill, London, N.W. 3. British. 
Director of a public company; formerly studied Chemistry at the Yorkshire 
College, Leeds. (Signed by) Henry E. Armstrong, William J. Pope, James C. 
Philip. 

Morey, ARTHUR MILNEs, 158, Oldham Road, Miles Platting, Manchester. 
British. Demonstrator in Chemical Technology, College of Technology, 
Manchester. B.Sc.Tech. (Honours division), 1920. Research in physical 
chemistry, leading up to M.Se.Tech. (1922). Associate of the Institute of 
Chemistry (1922). Joint author with Dr. J. K. Wood of the two following 
papers read before the Manchester Section of the Society of Dyers and Colourists 
on Jan. 19th, 1923: (1) ‘‘ The Behaviour of Titanic Acid towards Dyestuffs ”’ ; 
(2) ‘‘ The Behaviour of Stannic Acid towards Dyestuffs.”” (Signed by) Frank 
Lee Pyman, John K. Wood, F. M. Rowe. 

Narn, Kanwat, Kashmir. Indian. Chemical Examiner and Bacterio- 
logist to Govt., Kashmir. L.M.S., Punjab, D.T.M. and H., London, D.P.H., 
London. Fellow of the Royal Society of Tropical Medicine and Hygiene. 
Fellow of the Royal Institute of Public Health. Has worked as chemical 
examiner for the last twelve years. (Signed by) V. S. Puri, H. C. Cocks, 
R. G. Franklin. 

PELLEY, CHARLES AsHE, Burton Garth, Courtland Road, Paignton. 
British. Assistant Engineer and Chemist, Paignton Gas Company. Studied 
chemistry (practical and theoretical), Royal Albert Memorial College, Exeter, 
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under Prof. W. H. Lewis, M.A., F.I.C. 17 years’ experience gasworks 
chemistry. Desirous of joining Society in order to keep in touch with 
chemical developments. (Signed by) G. W. Slatter, C. D. Birks, Ernest 
Quant, B. A. Burrell. 

PuntEeR, Ronatp ArtrHuR, The Kraal, Bishop’s Stortford. British. 
Chemist with Messrs. Nobel Industries, Ltd. B.Sc. (London). A.L¢, 
Eleven years with Nobels and the Ministry of Munitions (Department of 
Explosives Supply) on the manufacture and development of the explosives 
and allied chemicals. “The Application of Researches on the viscosity 
of Cotton Cellulose in Industry,” published in the Journal of the Society of 
Chemical Industry, 1920. (Signed by) Wm. Macnab, Robert Robertson, 
W. H. Gibson. 

Rorr, Ernest Avery, Roseville, St. Margarets-on-Thames, British. 
Chemist. Student, Battersea Polytechnic, 1913-17. B.Sc. Hons. (London) 
1917. Assistant chemist to Messrs. Thomas Tyrer & Co., Stratford, E. 
1917-18. Chief analytical chemist to the above-named firm since 1918, 
(Signed by) Thos. Tucker, F. G. Mann, J. L. White. 

RosE, ALBERT, 4, Moorland View, Higher Eldwick, nr. Bingley, Yorks, 
English. Chemist-in-charge of laboratory of works manufacturing heavy 
chemicals. 11 years assistant chemist in a works at St. Helens and 7 years 
chemist-in-charge of laboratories at works in Kilwinning (Ayrshire), Man- 
chester, and Bradford (Yorks). Author of: ‘* Process for manufacture of a 
magnesium oxy-chloride cement as a binding material in the manufacture 
of emery wheels, in competition with the German wheel’; ‘‘ A method of 
burning kelp to produce the maximum amount of soluble potash and iodine 
salts”’; “‘An improvement in the process of manufacture of caustic soda 
solution from soda-ash and lime, effecting a large saving in steam consump- 
tion.” (Signed by) J. Alexander Reddie, F. W. Richardson, A. Jaffé. 

RotTHstEIN, EvGENE, 8, Woodchurch Road, London, N.W. 6. British. 
Student. Third year undergraduate at the Imperial College of Science and 
Technology in chemistry. (Signed by) H. B. Baker, James C. Philip, H. F. 
Harwood. 

SAUNDERS, SIDNEY WALTER, 139, Riverdale Road, Erith, Kent. British. 
Research student at University College, London. B.Sc. (Lond.). Ist class 
Hons. Chem., 1922. (Signed by) W. E. Garner, F. G. Donnan, O. L. Brady. 

SLATER, VictoR Wattace, 139, Ashburnham Road, Luton. British. 
Chemist. B.Sc. (London). Asst. chief chemist, Messrs. B. Laporte, Ltd., 
Luton. (Signed by) R. Barclay Craig, J. de Carle Smith, W. D. Scouller, 
R. Tennant. 

SmirH, CHRISTOPHER CaIGER, The Ferns, Eversley Crescent, Isleworth, 
Middlesex. British. esearch Student at University College, London. 
B.Sc. (London). Ist Class Hons., 1922. (Signed by) F. G. Donnan, O. L. 
Brady, W. E. Garner. 

STEvART, DANIEL WHITEHEAD, “ Melrose,” Uxbridge Road, Southall. 
Scots. Biological Chemist. B.Sc. (Agric. Edin.), 1911. Research assistant, 
Agric. Chem. Dept., Leeds University, 1911-14. Teacher of Agric. Chem. 
and Dairy Bacteriology, University College, Cardiff, 1914-17. Biological 
chemist, Maypole Works, Southall, 1917-. (Signed by) D. R. Steuart, 
Alexander Lauder, G. Van B. Gilmour. 

SUNDERLAND, Joun, 70, Thornbury Drive, Bradford. British. Assistant 
Master, Hanson Sec. School, Bradford. Chemistry Master, Truro College, 
1912-15. Chemistry Master, Yeadon and Guiseley Sec. School, 1915-18 
(except for war service, 14 years), Chemistry Master, Hanson Sec. Boys’ 
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§chool, 1918-. B.Sc., London. (Signed by) T. M. Lowry, C. E. Womersley, 
R. 8. Cahill. 

TuRLEY, Haro~tp GerorGE, 150, Clonmore St., Southfields, S.W. 18. 
English. Research Student. Student in chemistry for 4 years. B.Sc. 
(Lond.), Ist Class in Honours Chemistry. I desire through the Society’s 
publications and meetings to keep in touch with modern thought and 
development in chemistry. (Signed by) Robert H. Pickard, J. L. White, 
J, Kenyon. 

Warp, ALLAN Mites, The Croft Cottage, Bridge St., Walton-on-Thames. 
British. Graduated B.Sc. (London), 1922, with Ist Class Honours in 
Chemistry. Now engaged on research course at Birkbeck College. (Signed 
by) George Senter, F. Barrow, F. B. Thole. 

Waters, CHARLES ARTHUR, Bank House, Queen’s Avenue, Muswell Hill, 
N.10. British. Industrial Chemist. B.Sc., 3rd Class Honours in Chemistry, 
London. I apply for election so that I may keep in touch with the latest 
developments of chemistry. (Signed by) Irvine Masson, Henry Terrey, 
0. L. Brady. 

WatTeRSON, NoRMAN FREDERICK, Constitution Hill, Wellington, Salop. 
British. Chemistry Master, Wrekin College, Wellington, Salop. (1) B.Se. 
(Lond.). A.I.C. (2) Chemist at H.M. Explosive Factory, Oldbury, July 
1915 to Jan. 1919. (3) Chemistry Master, Wrekin College, Jan. 1919 to 
present. (Signed by) Frank E. Thompson, G. D. Elsdon, P. J. Lycett. 

WayNeE, Epwarp JoHNson, 20, Cowper Street, Leeds. Student. Study- 
ing for Hons. B.Sc. in Chemistry at the University of Leeds. Examination 
in June 1923. ‘‘ The Aldehydosalicylic Acids and their Derivatives ”’ (with 
Prof. J. B. Cohen), Trans. Chem. Soc., June 1922. (Signed by) Arthur 
Smithells, J. B. Cohen, M. S. Leslie, H. M. Dawson, J. R. Scott, P. W. 
Clutterbuck. 

Wuincop, Epitx MourieEt, 26, Eatington Road, Leyton, London, E. 10. 
English. Teacher. M.Sc. degree in chemistry. In conjunction with Mr. 
G. M. Bennett, F.I.C., M.A., have published a paper in the J.C.S. entitled 
“Some Derivatives of Monothioethyleneglycol.”” I am still continuing 
research work in chemistry. (Signed by) J. H. Davies, G. M. Bennett, 
H. C, Bell. 
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y: Yacos, MAHOMED, Lahore, India. British subject. Medical Practitioner. 

ish. § MB., B.S. (Punjab), D.T.M. and H. (England), D.P.H. (Oxford), 

td., § F.R.Inst.P.H. (London). I did my chemistry for my M.B., B.S., and also 

ler, passed an “ additional test’ in chemistry, and during the past 9 months 
have been doing analytical chemistry in the laboratory of the Royal Institute 

rth, Mf of Public Health (London), under Col. Sir William Smith and Dr. Stewart. 

rs (Signed by) V. S. Puri, H. C. Cocks, E. W. Maddison. 

all. ADDITIONS TO THE LIBRARY. 

ve, I. Donations. 

cal ALEXANDER, JEROME. Glue and gelatin. New York 1923. 

rt, § pp. 236. ill. $3.00 net. (Recd. 13/3/23.) 

~ From the Publishers: The Chemical Catalog Company, Inc. 

¥e, ALLEN, J. Fenwick. Some founders of the chemical industry : 

18 — mento beremembered. 2nd edition. London 1907. pp. xxxii + 

ys’ § 290+ vi. ill. (Recd. 23/2/23.) From Professor P. Phillips Bedson. 
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ATAcK, FREDERICK WILLIAM, assisted by LEONARD WHINYATIs, 
The Chemists’ Year Book 1923. 2 vols. Manchester 1923. pp, 
viii + 1124. ill. (Reference.) 

From the Publishers: Messrs. Sherratt & Hughes, 

BECKMANN, Ernst. Das Laboratorium fiir angewandte Chemie 
der Universitit Leipzig in seiner neuen Gestaltung. Leipzig 1908, 
pp. 84. ill. (Reference.) From Professor P. Phillips Bedson, 

Hawi, ARCHIBALD JOHN. Dyes and their application to textile 
fabrics. London [1923]. pp. x+118. ill. 3s. net. (Reed, 
9/2/23.) From the Publishers: Sir Isaac Pitman & Sons. 

HEIDELBERGER, MicHarL. An advanced laboratory manual of 
organic chemistry. New York 1923. pp. 104. $2.00 net. (Reed, 
20/2/23.) 

From the Publishers : The Chemical Catalog Company, Inc, 

MULLIKEN, SAMUEL Parsons. A method for the identification 
of pure organic compounds by a systematic analytical procedure 
based on physical properties and chemical reactions. Vol. IV. 
New York [1922]. pp. viii + 238. 30s. net. (Recd. 9/2/23.) 

From the London Publishers: Messrs. Chapman & Hall. 

NEWTH, GEORGE SaMuEL. A text-book of inorganic chemistry. 
New edition. London 1923. pp. xiv +772. ill. 8s. net. (Reed. 
14/2/23.) From the Author. 

THORPE, JOCELYN FIELD, and INGOLD, CHRISTOPHER KELK. 
Synthetic colouring matters: vat colours. London 1923. pp. 
xvi + 492. 16s. net. (Recd. 28/2/23.) From the Authors. 


Il. By Purchase. 


Appicks, LAWRENCE. Copper refining. New York 1921. pp. 
xii + 212. ill, 15s. net. (Recd. 14/3/23.) 

BLANCHARD, ARTHUR ALPHONZO, and PHELAN, JOSEPH W. 
Synthetic inorganic chemistry: a course of laboratory and class- 
room study for first year college students. 3rd edition. New 
York 1922. pp. xiv-+ 322. ill. 15s. net. (Recd. 14/3/23.) 

BrRUNNER, RicHarp. The manufacture of lubricants, shoe 
polishes and leather dressings. 3rd English edition, translated from 
the 6th German edition by HERBERT BIRTWHISTLE Stocks. London 
1923. pp. viii + 244. ill. 10s. 6d. net. (Recd. 14/3/23.) 

Groume-GromaiLo, W. E. The flow of gases in furnaces. 
Translated from the Russian into French by Lzton Dioveatcn and 
A. Rotustreryn. Translated from the French by A. D. WILLIAMs. 
With an appendix upon the design of open-hearth furnaces. New 
York 1923. pp. xxii-+ 400. ill. 27s. 6d. net. (Recd. 14/3/23.) 

LewkowltscH, JuLius. Chemical technology and analysis of 
oils, fats, and waxes. 6th edition, revised by GzorcE H. WARBURTON. 
Vol. III. London 1923. pp. viii + 508. ill. 36s. net. (Recd. 12/3/23.) 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, April 19th, 1923, at 
§ p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 

The PRresipENT referred to the loss sustained by the Society 
through the death of Sir James Dewar, and announced that the 
Council had passed the following resolution :— 


“On behalf of the Chemical Society the Council desires to 
express its sense of the great loss that the Society in particular 
and British science in general have sustained in the death 
of Sir James Dewar, who served as President from 1897— 
1899 and as Vice-President during a period of twenty-eight 
years.”’ 


On the suggestion of the President, the Fellows present expressed 
their concurrence in this resolution by standing. 
The following deaths also were intimated :— 


Elected. Died. 
George Embrey . 5th, 1885. Mar. 10th. 1923. 
Herbert Henry Froysell . 15th, 1917. Feb. 25th, 1923. 
Thomas Howard Mar. 4th, 1875. Mar. 12th, 1923. 
Robert Binnie Pettigrew . . 6th, 1917. Aug. 2nd, 1922, 
Henry Walker . 4th, 1913. Apl. 4th, 1923, 
John Sanders Wilkes ............ccce0e . 2nd, 1920. Feb. 8th, 1923. 


It was announced that the following Committees for 1923—1924 
had been appointed by the Council :— 

Finance Committee—E. F. Armstrong, A. Chaston Chapman, 
(, A. Hill, G. T. Moody, and the Officers. 

House Committee. —J. L. Baker, Sir Herbert Jackson, Alexander 
Scott, Sir William A. Tilden, E. W. Voelcker, and the Officers. 

Library Committee.—P. P. Bedson, O. L. Brady, A. J. Greenaway 
(Editor), Sir Thomas K. Rose, Sir John Russell, J. M. Thomson 
(Chairman), Sir William A. Tilden, the Librarian, and the Officers, 
together with the following representatives of contributing Societies: 
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J. L. Baker, C. Dorée, J. C. Drummond, A. Harden, J. P. Longstafi, 
R. L. Mond, and G. Senter. 

Publication Commitiee.—E. C. C. Baly, O. L. Brady, C. H. Desch, 
C. 8. Gibson, I. M. Heilbron, J. C. Irvine, T. M. Lowry, J. W. 
McBain, W. H. Mills, R. H. Pickard, T. Slater Price, N. V. Sidgwick, 
and the Officers. 

Research Fund Commitiee—H. B. Baker, Sir James J. Dobbie, 
F. G. Donnan, G. G. Henderson, R. H. Pickard, Sir William J. Pope, 
R. Robinson, N. V. Sidgwick, 8S. Smiles, Sir James Walker, and 
the Officers. 

The following were formally admitted Fellows of the Chemical 
Society: C. C. M. Broughton, J. P. Griffiths, A. B. P. Page, 
F. W. Stoyle, and C. Harold Wright. 

Certificates were read for the first time in favour of : 


Vinayak Keshav Bhagwat, M.Sc., 528, Shanwar Peth, Poona City, India. 

Frederick Beaumont Hirst, Walmore, Mackenzie Street, Sharples, Bolton. 

Gen-itsu Kita, Institute of Chemical Technology, Imperial University, Kyoto, 
Japan. 

Shunzo Koizumi, Furukawa-cho, Sanjyo-minami, Kyoto, Japan. 

Robert Oswald M’Cardell, 11, Gladstone Road, Urmston, Manchester. 

Douglas Stewart Mitchell, 33, Loraine Road, Holloway, N. 7. 

Frederick Aldis Nurse, B.Sc., 30, Oakhill Road, Sutton. 

Cyril Vernon Oliver, B.Sc., 10, Hayle Road, Maidstone. 

Kali Charan Pakrasi, B.Sc., Dakshineswar, Aridat P.O., Bengal, India. 

Arthur Osborne Ponder, B.A., Dominion Tar and Chemical Co., Ltd., Montreal, 
Canada. 

John Rankin, B.Sc., A.I.C., Exeter College, Oxford. 

Henry Ralph Champion Scott, 5, Selwood Terrace, 8. Kensington, 8.W. 7. 

Edward Russell Trotman, B.Sc., 3, Wellington Circus, Nottingham. 

Louis Veillon, Ph.D., Brookside, Weston Rhyn, Salop. 

Cyril Mason Willcox, B.A., B.Sc., 4, Worple Avenue, Wimbledon, S.W. 19. 

Edwin Williams, B.Sc., A.I.C., Arosfa, Risca, Mon. 

Francis George Willson, Langley, Westmount Road, Eltham, §8.E. 9. 


The following papers were read : 

“The influence of nitro-groups on the reactivity of substituents 
in the benzene nucleus. Part VII. Reactions of 2: 5- and 
4 : 5-dinitro-m-xylenes.” By K. IpBotson and J. KENNER. 

“ The chemistry of the three-carbon system. Part I. The influence 
of the cyclohexane ring on the «f-Sy-change.” By S. F. 
Brrcu, G. A. R. Kon, and W. S. G. P. Norris. 

“On the promotion of catalytic reactions. Part I.” By &%. 
MEDSFORTH. 

“The action of halogens. on phenylhydrazones. Part I. The 
action of bromine.” By J. E. Humpnuriss, E. Broom, and 
R. Evans. 

“The mobility of symmetrical triad systems. Part II. The 
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conditions relating to systems terminated by the o-phenylene 
group. Derivatives of indene.” By C. K. INGoLD and 
H. A. Piaeort. 


MEETINGS AND LECTURES. 


The next Ordinary Scientific Meeting will be held on Thursday, 
May 3rd, 1923, at 8 p.m., when a ballot for the election of Fellows 
will be held. 

The Baeyer Memorial Lecture will be delivered by Professor 
W. H. Perkin, F.R.S., in the Lecture Hall of the Institution of 
Mechanical Engineers, Storey’s Gate, Westminster, on Thursday, 
May 10th, 1923, at 8 p.m. 

On Thursday, June 14th, 1923, at 8 p.m., in the Society’s Rooms, 
a Lecture will be delivered by Professor Charles Moureu entitled : 
“Les Gaz Rares des Sources Thermales, des Grisous et Autres 
Gaz Naturels.”’ 

The next Informal Meeting will be held on Thursday, May 17th, 
1923, after the conclusion of the formal business of the Ordinary 
Scientific Meeting, to be held at 8 p.m. 


RESEARCH FUND COMMITTEE. 


A meeting of the Research Fund Committee will be held in June 
next. Applications for Grants, to be made on forms which can 
be obtained from the Assistant Secretary, Chemical Society, 
Burlington House, W.1, must be received on or before Friday, 
June Ist, 1923. 

All persons who received grants in June, 1922, or in June of 
any previous year, whose accounts have not been declared closed 
by the Council, are reminded that reports must be returned by 
June Ist. 


LIST OF FELLOWS, 1923. 


The Council has decided to supply the List of Fellows for 1923 
to those Fellows only who make application to the Assistant 
Secretary before August 31st, 1923. 


REPORT OF THE INTERNATIONAL COMMITTEE 
ON CHEMICAL ELEMENTS. 


Copies of this Report, which embodies a Table of Isotopes and 
a Table of the Radioactive Elements and their Constants, will be 
supplied to those Fellows only who make application to the 
Assistant Secretary before August 31st, 1923. 
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INDIAN TECHNICAL PUBLICATIONS. 


At the request of the Indian Trade Commissioner, the Council 
desires to draw the attention of Fellows to the library of Indian 
Technical Publications attached to the office of the Indian Trade 
Commissionerat at 60, Winchester House, Old Broad Street, E.C. 2. 

Fellows are cordially invited to consult any of the technical 
publications, a list of which may be seen in the wey of the 
Chemical Society. 


List of Papers received between March 16th and April 19th, 
1923 : 


“The behaviour of dilute solutions of iodine in chloroform in 
contact with aqueous starch solution.” By J. B. FirtsH and 
F. S. Watson. 

“Dyes of the aurin type. Part I.” By H. Barnes and J. E. 
DRIVER. 

“The optical rotations of the sugars. Part II. The methyl 
pentoses and the glucosides.” By J. G. Mattsy. 

“ Investigations of the mannan present in vegetable ivory.” By 
J. PATTERSON. 

“The hydration of agar-agar.” By F. FatRBROTHER and H. 
MASTIN. 

“On the promotion of catalytic reactions. Part I.” By S$. 
MEDSFORTH. 
“Change of properties of substances on drying. Part II.” By 
H. B. Baker. 
“The sodium salts of phenolphthalein.” By H. Basser and 
P. Hatton. 

“The action of thiosulphates on cupric salts.” By H. Bassrrt 
and R. G. DURRANT. 

“The propagation of flame from a spark in a closed tube through 
a homogenous inflammable mixture.” By O. C. de C. Ext. 

“Mercury cleansing apparatus.” By A. E. Dixon and J. L. 
McKEE. 

The sulphides of ammonium.” By J. S. Tuomas and R. W. 

RIDING. 

“On the energy of activation in heterogeneous gas reactions with 
relation to the thermal decomposition of formic acid vapour.” 
By C. N. HinsHEetwoop and B. Topiry. 

** Researches on vertical retort tar. Part I. The phenolic con- 
stituents.” By G. S. CurREy. 

‘The oxidation of nickel sulphide.” By J. S. Dunn and E. K. 
RIDEAL. 
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“Benzbisthiazoles. Part III.” By S. R. H. Epes. 

“Anodic formation of a perchloride of manganese.” By A. N. 
CAMPBELL. 

“The action of hypochlorous acid on bornylene.” By G. G. 
HENDERSON and J. A. Marr. 

“Yohimbine (quebrachine). Part II. Apoyohimbine and desoxy- 
yohimbine.” By G. Barcer and E. FIELpD. 

“Tsolation of the oxide of a new element. A correction.” By 
A. Scort. 

“The structure of saccharose.”” By M. BeRGMANN. 

“The action of halogens on phenylhydrazones. Part I. The 
action of bromine.” By J. E. Humpurizes, E. Bioom, and 
R. Evans. 

“The a«’-dichlorodialky] sulphides.”: By F. G. Mann and W. J. 
Pope. 

“The isomeric trithioacetaldehydes.” By F. G. Mann and W. J. 
PoPE. 

“The isomerism of the oximes. Part XI. Carbethoxy-deriv- 
atives.”” By O. L. Brapy and G. P. McHueu. 

“The influence of temperature on two alternative modes of decom- 
position of formic acid.” By C. N. HinsHeLwoop and H. B. 
HARTLEY. 

“The conversion of malonic acid into d-malic acid.” By A. 
McKeEnziz and H. J. PLENDERLEITH. 

“The structure of the normal monosaccharides. Part I. Xylose.” 
By E. L. Hirst and C. B. Purves. 

“The ternary system ammonium chloride-ferric chloride—water.” 
By F. W. J. CLENDINNEN. 

“A critical solution temperature for solids in the binary system 
ammonium chloride-manganous chloride dihydrate.” By 
F. W. J. CLENDINNEN and A. C. D. RIveEtT. 

“The mobility of symmetrical triad systems. Part II. The-con- 
ditions relating to systems terminated by the o-phenylene 
group. Derivatives of indene.” By C. K. Incoxp and H. A. 
PIGGOTT. 

“Some factors which influence the volumes of precipitates.” By 
J. H. Jackson and A. W. Stewart. 

“The ultra-violet absorption spectra of eugenol and isoeugenol.” 
By G. THompson. 

“Some mercaptans of the purine group. Part I.” By P. C. Ray, 
G. C. CHAKRAVARTI, and P. K. Bose. 

“Condensation of amidines with ethoxymethylene-f-ketonic esters 
and @-diketones.” By P. C. Mirrer and J. C. BARDHAN. 

“Ring-chain tautomerism. Part V. The effect of the gem- 
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dipropyl grouping on the carbon tetrahedral angle.” By 
L. Barns and J. F. THORPE. 

“The preparation and properties of 4 : 4’-tetramethyldiamino. 
anthrafuchsone.” By F. A. Mason. 

“The theory of acid alkali solution equilibrium as applied to salts 
of moderately strong but sparingly soluble acids.” By 
EK. B. R. PRmEavx. 

“The conditions of reaction of hydrogen with sulphur. Part II. 
The catalytic effect of oxygen. Part III. On the mechanism 
of the reaction of hydrogen with.sulphur and its catalysis by 
oxygen.” By R. G. W. Norrgisx and E. K. RipEAt. 

“Researches on residual affinity and co-ordination. Part XVI. 
Normal and acid salicylatotetramminocobaltic salts.” By 
G. T, Morean and J. D. M. Smits, 


ADDITIONS TO THE LIBRARY 


I. Donations. 


ALLEN, RoBert. Copper ores. (Imperial Institute Monograph 
on Mineral Resources.) London [1923]. pp. x + 222. ill. 7s. 6d. 
net. (Recd. 4/4/23.) From the Director. 

BakeER, T. THORNE. The spectroscope and its uses in general 
analytical chemistry. 2nd edition. London 1923. pp. x + 208. 
ill. 7s. 6d. net. (Recd. 26/3/23.) 

From the Publishers: Messrs. Bailliére, Tindall, & Cox. 

BERTHOLLET, CLAUDE Louis. Elements of the art of dyeing. 
Translated from the French by Witiiam Hamitton. 2 vols. 
London 1791. pp. xii + xxxviii + 302, vi+ 386. ill. (Reference.) 

From the Institute of Chemistry. 

Evans, Untick RicHarpson. Metals and metallic compounds. 
Vols. I and II. London 1923. pp. xii+ 468, xii + 396. ill. 
39s. net. (Recd. 12/4/23.) From the Author. 

FRANKLAND, Epwarp. Water analysis for sanitary purposes, 
with hints for the interpretation of results. 2nd edition. London 
1890. pp. vili+ 136. ill. (Reed. 26/3/23.) 

From Mr. W. Whitaker, F.R.S. 

Hate, ARTHUR JAMES. Modern chemistry, pure and applied. 
Vol. VI. London [1923]. pp. viii-+ 280. ill. (Recd. 26/3/23.) 

From the Publishers: Messrs. Virtue & Co. 

Hause, EpwarpD. Mercury ores (Imperial Institute Monograph 
on Mineral Resources.) London [1923]. pp. x + 102. 5s. net. 
(Recd. 14/4/23.) From the Director. 

IMPERIAL MINERAL RESOURCES BuREAU, The Mineral Industry 
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of the British Empire and Foreign Countries. War Period. Silver 
(1913—1919). London 1923. pp. 218. 4s. net. (Reed. 22/3/23.) 
From the Bureau. 

JAPANESE JOURNAL OF CHEMISTRY. Published by the National 
Research Councilof Japan. Vol.I,ete. Tokyo1922+. (Reference.) 
From the National Research Council. 

JAPANESE JOURNAL OF Puysics. Published by the National 
Research Council of Japan. Vol. I, etc. Tokyo 1922-4. 
(Reference. ) From the National Research Council. 
LAURENT, AUGUSTE, GERHARDT, CHARLES, and CHANCEL, GUS- 
t4vE. Comptes rendus des travaux de chimie, 1845—1851. 7 vols. 


Paris 1846—1851. (Reference.) 
From the Institute of Chemistry. 


MITCHELL, CHARLES AINSworRTH. Ink. London [1923]. pp. 
y+ 128. ill. 3s. net. (Recd. 16/4/23.) 
From the Publishers: Sir Isaac Pitman & Sons. 
TABLES ANNUELLES DE CONSTANTES et données numériques de 
chimie, de physique et de technologie. Vol. IV. 1913—1916. 
Paris 1921—1922. pp. xxxii + 626, xxxvi, 627—1378. (Reference.) 
{7 net. From the Comité international. 
TwyMAN, F. Wavelength tables for spectrum analysis. London 
1928. pp. x +106. ill. 7s. 6d. net. (Recd. 6/4/23.) 
From the Publishers : Messrs. Adam Hilger, Ltd. 
WANKLYN, JAMES ALFRED, and CooPER, WILLIAM JOHN. Sewage- 
analysis : a practical treatise on the examination of sewage and 
eluents from sewage, including also a chapter on utilisation and 
purification. London 1899. pp. xvi-+ 220. ill. (Recd. 26/3/23.) 
From Mr. W. Whitaker, F.R.S. 
We tts, Harry Gipron, DeWitt, LypiA M., and Lone, EsmMonp 
R. The chemistry of tuberculosis: being a compilation and 
critical review of existing knowledge on the chemistry of the 
tubercle bacillus and its products, the chemical changes and pro- 
cesses in the host, the chemical aspects of the treatment of tuber- 
culosis. Baltimore 1923. pp. viii + 448. $5 net. (Recd. 19/3/23.) 
From the Publishers: Messrs. Williams & Wilkins Company. 


II. By Purchase. 

BAaGNALL-WiLpD, RatpH KirKsy [and others]. Aircraft steels 
and materials. London 1922. pp. viii+ 210. ill. 16s. net. 
(Recd. 19/3/23.) 

FinpLay, ALEXANDER. The phase rule and its applications. 
dth edition. London 1923. pp. xvi-+ 298. ‘ill. 10s. 6d. net. 
(Reed. 10 /4/23.) 

KreMANn, R. Die Restfeldtheorie der Valenz auf Grund der 
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organischen Molekiilverbindungen. (Sammlung, Vol. XXVIL) 
Stuttgart 1923. (Reference.) | 

MITTEILUNGEN DES OSTERREICHISCHEN NORMENAUSSCHUSSES Fir 
INDUSTRIE UND GEWERBE. Year 3, etc., Wien 1923+. (Reference.) 

Morean, Sipney. The preparation of plantation rubber, 
With a preface and a chapter on vulcanization by HENRY Ports 
Stevens. London 1922. pp. xvi + 332. ill. 21s. net. (Reed. 
14/3/23.) 

ORGANIC CHEMICAL REAGENTS. By RoGER ADAMS, OLIVER 
Kamm and Cart S. Marveu. I. etc., Urbana, Ill. 1919+. 
(Reference.) 

RicuMonD, Henry Droop. Dairy chemistry : a practical hand. 
book for dairy chemists and others having control of dairies. 3rd 
edition. London 1920. pp. xii + 490. ill. 25s. net. (Recd. 9/2/23.) 

SABATIER, Pau. Catalysis in organic chemistry. Translated 
by E. Emmet Reto. New York 1922. pp. xxiv + 406. 23s. net. 
(Recd. 10/4/23.) 

ScuwaRkz, Rospert. The chemistry of the inorganic complex 
compounds: an introduction to Werner’s co-ordination theory. 
Authorized translation by LAWRENCE W. Bass. New York 1923. 
pp. x + 82. ill. 8s. 6d. net. (Reed. 22/3/23.) 

Stock, ALFRED. The structure of atoms. Translated from the 
2nd German edition by SamuEet Suepren. London 1923. pp. 
viii + 88. ill. 6s. net. (Recd. 14/3/23.) 

Vanino, Lupwic. ([Editor.] Handbuch der _praparativen 
Chemie. 2nd edition. Vol. Il. Stuttgart 1923. pp. xx + 888 
ill. (Recd. 10/4/23.) 


III. Pamphlets. 

AUSTRALIA, COMMONWEALTH OF. Institute of Science and Industry. 
Circular No. 8. New tanning materials. (Investigation by HaRoLpD 
Sat.) [Melbourne 1922.] pp. 11. 

BELAIEW, Nicuotas Trmoruy. Sur la cristallographie de la 
cémentite. (From the Congrés Scientifique International, 1922.) 

Descu, Ceci, Henry. The services of Henry Clifton Sorby to 
metallurgy : being the second Sorby Lecture, delivered on Monday, 
October 31st, 1921. [Sheffield, n.d.] pp. 20. ill. 

EpER, JoSEF Maria. Spektralanalytische Untersuchungen zum 
Nachweis eines bisher unbekannten Elements der Terbiumgruppe 
und das Bogenspektrum des Terbiums. (From the Sitzungsber. 
Akad. Wiss. Wien, Math.-naturwiss. Klasse, 1922 [iia], 131.) 

Ennos, FREDERICK RAINE, and SuTcLirFE, Ronaup. Deter- 
mination of iron in ores and silicate rocks. (From the Summary 
of Progress of the Geol. Survey, 1921.) 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


ANNIVERSARY DINNER. 


The Anniversary Dinner of the Chemical Society, to which 
several eminent French Chemists were invited as Guests of Honour, 
was held at the Hotel Cecil, Strand, on Thursday, March 22nd, 
1923, at 7.30 p.m., Sir James Waker, F.R.S., President, in the 


Chair. 


Armstrong, E. F., President, Society 
of Chemical Industry. 
Armstrong, H. E., Past-President. 
Atkinson, H. M. 
Austin, P. C. 
Baker, H. B. 
Baker, Mrs. H. B. 
Baker, J. L. 
Baker, Mrs. J. L. 
Baker, Miss 8. 
Barr, A. J. A. W. 
Bearder, E. A. 
Bedson, P. P. 
Belaiew, N. T. 
Bonzon, L. L., 
General. 
Bowdler, A. W. 
Brame, J. S. 8S. 
Brazier, S. A. 
Briggs, S. H. C. 
Brown, L. N. 
Brown, R. B. 
Brown, Mrs. R. B. 
Brown, R. G., President, Inst. of 
Mining and Metallurgy. 
Bull, P. C. 
Burton, T. F., Editor, J. Soc. Chem. 
Ind. 
Calam, H. 


French Consul- 


The following is a list of those present : 


Carlton, Miss M. 

Carr, 8. E., Assistant Secretary. 

Chapman, A. C., President, Institute 
of Chemistry. 

Clarke, F. 8. 

Clifford, F. W., Librarian. 

Codd, L. W. 

Cofman, V. 

Cofman-Nicoresti, J. 

Cofman-Nicoresti, Mrs. J. 

Cohen, J. B. 

Colgate, R. T. 

Colgate, Mrs. R. 

Colman, H. G. 

Cooper, A. J. B. 

Cooper, H. C. 

Coward, H. F. 

Crossley, A. W., Foreign Secretary. 

Daily Telegraph. 

Desch, C. H. 

Deschiens, M., La Société de Chimie 
Industrielle. 

Donald, M. B. 

Doolan, J. J. 

Dorée, C. 

Druce, J. G. F. 

Dyer, B. 

Egerton, A. C. G. 

Egerton, Mrs. A. C. G. 


Eldridge, A. A. 

Eldridge, Mrs. A. A. 

Ellingham, H. J. T. 

Evans, FE. V. 

Eyre, J. V. 

Finnemore, H. 

Ford, 8. F. 
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The following Toasts were proposed :— 

By THE PRESIDENT, SiR JAMES WALKER, D.Sc., LL.D., F.R.S.: 

1. “ His Most Gracious Majesty the King.” 2. ‘‘ Their Majesties 
the Queen and Queen Alexandra, His Royal Highness the Prince 
of Wales, and other Members of the Royal Family.” 

By Sim Cuarzes 8S. SHerRinetron, G.B.E., M.A., D.Sc., President 
of the Royal Society :— 

3. “The Chemical Society, coupled with the name of The 
President.” 

By Dr. ArtHuUR W. CrosstEy, C.M.G., C.B.E., D.Sc., F.R.S., 
Foreign Secretary of the Chemical Society :— 

4. “Our French Guests, coupled with the names of Monsieur le 
Professeur Henri L. Le Chatelier, Foreign Member Royal Society, 
Honorary Fellow of the Chemical Society, representing La Société 
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Chimique de France; and Monsieur Paul Kestner, repres-nting 
La Société de Chimie Industrielle.” 

By Prorsssor W. P. Wynne, D.Sc., F.R.S., President-elect of 
the Chemical Society :— 

5. “The Other Guests, coupled with the names of A. Chaston 
Chapman, Esq., F.R.S., President of the Institute of Chemistry, 
and Sir Richard Gregory, Editor of Nature.” 

The Loyal Toasts having been honoured, Sir CHARLEs §, 
SHERRINGTON, G.B.E., P.R.S., in proposing ‘The Chemical 
Society,” said :— 

Mr. President, Ladies and Gentlemen, I have the privilege, and a 
great privilege I esteem it, of proposing to this company to-night 
the toast of “ The Chemical Society.” That toast in any company, 
and least of all in this, you will agree with me, needs no commenda- 
tion from me or from any others, nor can anything that I can say, 
I feel, enhance it further to you. 

The science that this Society represents is second to none in its 
triumphs and in its importance to the world. And the Society has 
a tradition of representing that science for something over eighty 
years; in fact, it was on my tongue to refer to it as an old Society, 
but I refrained, because it is a young Society. It is a Society that 
can never grow old, for it is, if I may say so, already immortal. 
It is a Society which cultivates, and is a leader in, all the various 
branches of chemical science. I am well acquainted by contact 
with those who pursue this science, and with the purity of their 
researches, and yet I think those here this evening who are fellow 
guests with me will agree there is very good evidence that there 
is an applied chemistry which this Society also cultivates, a subtle 
chemistry that depends in part on decoctions and on distillation, 
and a chemistry that yields us what are sometimes known as the 
pleasures of the table, the very delightful table we are enjoying 
to-night. If I may allow myself a small play on words, it is a symbol 
of good taste. 

An interesting feature in the history of this Society is that the 
first President of the Society was Thomas Graham, whom we 
may regard as the founder of that great and intricate and growing 
field of science which so much bears upon the studies of physiology. 
Well, chemistry is certainly a feature of life. One cannot help 
wondering whether life has not for its chief mechanism, and uses 
as its chief mechanism, chemical mechanism. If one pursues 
that thought, one feels at once that all that great domain of 
human interest, which is summed up in the two words health 
and disease, is fundamentally chemical, and that ultimately it 
is along chemical lines of research that the human intellect must 
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solve the problems, practical and theoretical, which attach to those 
two great terms. 

Of the many good works that the Society does there is one that 
has been long a source of admiration to me, the publications of the 
Society. More useful or more admirable issues I know of nowhere 
than the Journal of the Chemical Society, with its original papers 
and its valued abstracts, and the Annual Reports on the 
Progress of Chemistry, bringing together epitomes by experts, and 
containing each year a mine of information to which I have 
been only too glad and grateful often to refer. One never dips 
into those volumes without being struck by the circumstance that 
of all sciences chemistry and, in its name, your own Society, 
contributes in extraordinary measure to the growth of the English 
language. I refer to the number of new names that appear 
annually, not mere trifles, but words that are sixteen and seventeen 
syllables long! The poet once wrote of other poets as makers 
of “ Jewels five words long that sparkle on the forefinger of time 
for ever.” Well, as to jewels five words long, there are good 
chemical words of twenty syllables, and as for literary students 
adding to the language with such richness I think they must hide 
their heads abashed. 

The successes of this Society are wide. We may congratulate it 
on the richness of its roll of membership, and on its being the 
recognised rallying point for all chemists engaged and interested 
in pure research. This Society can with truth consider itself as 
the parent Society of all our chemical societies. That alone is 
evidence of fecundity, and when we remember that its valued 
and exceptional library is placed at the disposal of other chemical 
societies, that is public-spirited work. When I dined as a 
guest here two years ago, your then President mentioned in 
his speech a scheme of federation with the other societies con- 
cerned in chemistry. I was much impressed, too, by his sketch 
of the advantages which would spring from it if you were all 
combined into one whole. Of course I know in these times it 
must be difficult to launch such a scheme, but he spoke in 
a very convincing way of the ultimate economy that would 
result. 

In your own home you have had in the past year a notable 
ceremony. I had among others the privilege to be present at 
the unveiling of the most artistic memorial to the Feliows of 
this Society who, during the war, not only gave devotedly their 
scientific services to the public cause, the united cause, the Allied 
cause, but ultimately the supreme sacrifice of life itself. That 
typifies, and the memorial will typify for ever, the spirit of public 
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service and patriotism that animates the Society, and, I am sure, 
ever will animate it. 

I notice that among the acts of the Society has been th 
extending of help to our colleagues who are at present in distres 
in Russia—a work of fraternal good fellowship. Another exhibition 
of admirable co-ordination is the scheme in co-operation with the 
American Chemical Society and the Faraday Society to carry on 
jointly the “ Journal of Physical Chemistry.” This sets an exampk 
that I feel you are happy to be able to set. 

I know, of course, that this Society has some four thousand 
members. Well, that is financial strength; it is at the same time 
much more than that, because it is an expression of the solidarity 
with which this Society represents chemistry throughout our land, 
The present occasion, this anniversary with its opportunity for 
renewing personal acquaintance and making fresh acquaintances, 
is an anniversary that has become a tradition, and a tradition 
that is carried on from year to year, from generation to gener. 
ation, is all part, to my mind, of the important work of this 
Society. 

Well, I must not detain you too long. If you will bear with me 
one moment more, I should like to add that among the admirers of 
this Society and its good work there is none I can assure you mor 
cordial and sincere than that of the Society of which I have, at the 
present moment, the privilege of acting as Chairman. That isa 
venerable Society. I don’t know whether you regard it as an elder 
sister or as an aged parent, but I can assure you that whether we 
may be regarded as your elder sister or as your parent, we feel 
justifiably proud of your existence and cordially admire your 
excellent management and success. 

In wishing your Society continued prosperity and_ success, 
may I couple this toast with the name of your distinguished and 
devoted President, Sir James Walker. I believe it is a fact that 
he thinks nothing of travelling eight hundred miles in performing 
his services to you, I don’t know how many times during his years 
of office. I should like also to wish success to your President-elect, 
Professor Wynne, who is to succeed him in the Chair. 

Sir JaMES WALKER, in response, said :— 

In responding to the toast of the Chemical Society, which has 
been so ably and in such flattering terms proposed by Sir Charles 
Sherrington, I cannot do better than adopt the excellent maxim 
of Bernard Shaw, “ Never resist temptation,” and succumb at once 
to the temptation which must beset every retiring President, the 
temptation, namely, to compare the state of his Society when he 
entered it with its state when he relinquishes office. It is just 4 
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third of a century since I was elected to the Fellowship of the 
Chemical Society. I had then seventeen hundred fellow-members : 
now I have four thousand—a most gratifying enlargement of one’s 
circle. The chief business of the Society then, as now, was to hold 
scientific meetings and to publish scientific memoirs. I must 
confess that the ordinary meetings now do not appear to me quite 
so interesting as they did in the early ‘nineties. No doubt the 
change is in myself, rather than in the character of the communica- 
tions. My appetite for scientific communications is probably not 
quite so keen as it was thirty years ago. Besides the ordinary 
meetings, however, we now have informal meetings to bring the 
Fellows more closely together, and special lectures by men eminent 
in their own branch of research. These innovations are altogether 
admirable, and are highly appreciated. 

With regard to publications, the volume of our journal has 
greatly swollen since 1890. The membership has more than doubled, 
but the number of papers has increased more than fivefold. When I 
entered the Society it took the efforts of 24 Fellows to produce a 
single paper; now the labours of 11 suffice. Again, if we measure 
our production against the production of the world as evidenced by 
the number of original papers in relation to abstracts we find that it 
is twice as great as it wasin 1890. Quantitatively, then, the progress 
of our Society in research is most gratifying, but what of the qualita- 
tive aspect? Well, I have recently looked through the Transactions 
of the first year of my Fellowship of the Society and I can say 
with all honesty and all confidence that in quality there is no falling 
off. Interests have changed, and fashions have changed, but the 
contributions to chemical knowledge contained in our journal 
have suffered no diminution of significance. They are necessarily 
of widely varying merit, but the average is good. The communica- 
tions as a rule have no immediate or tangible practical application ; 
they have no market value. By no alchemy can these papers be 
turned into gold; even the superficially easier transmutation into 
Treasury notes is equally impossible. ‘They are the products of a 
spirit of pure scientific inquiry, and originate for the most part in 
the laboratories of our universities and colleges which are still the 
main training grounds of research. 

We chemists have been often urged of late not to stick so closely 
to our laboratories, but to come out and play a part in public life. 
The advice, if sound, is applicable to only a small fraction of our 
number. The common chemist, the “ vulgar spagirist,” cannot at 
will assume a legislative air and proceed to fashion the nation to his 
own mould. I confess I do not contemplate the prospect of a 
general migration from Burlington House to the Houses of Parlia- 
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ment with contentment or even equanimity. I have sat on a good 
many public boards, and I frankly own that I have not observed 
scientific societies to be conspicuously better managed than other 
bodies. Were our Council multiplied twentyfold I should not 
greatly care to see it supersede the House of Commons. I should 
even hesitate, if Sir Charles Sherrington will permit me to say so, 
to substitute the Royal Society for the House of Lords. Of course, 
from time to time, we have men like Lyon Playfair, or Roscoe, 
whose special gifts and qualities make them acceptable to the ] 
public, and whose opinions carry great weight. These men will, I | 
fear, never be many, but perhaps if political parties become still 
more numerous—lI notice that in Jugo-Slavia they have now reached 
32—we may in time see in Parliament a National Spagiric Party 
furthering the interests of chemistry, and placing its expert know- 
ledge at the service of the nation. This seductive vision, however, 
may not early be realised, but meantime there is an end which all 
chemists may do something to promote—whether they be industrial 
chemists, or analytical chemists, or academic chemists, or cash 
chemists—namely, the amalgamation or at least the co-operation 
of all those societies interested in chemistry or any branch of 
chemistry. Our separate voices may be feeble, but if we speak 
together with one voice, our words will be heard and our opinions 
cannot be neglected. 

There is still another way of making ourselves more generally 
known. Lord Balfour spoke the other day of the interest which 
the public takes in laboratories. Could this interest not be fostered 
by throwing open to the inspection of the public our laboratories 
working under ordinary conditions? If our academic laboratories 
were known to be visible under the conduct of members of the 
staff, say at a fixed hour on a certain day of the week, I feel that 
in the course of the year many citizens would have taken advan. 
tage of the opportunity so afforded, and thus something would be 
done to make the public realise the kind of work we do and what 
we are useful for. I make the suggestion in all seriousness. 

The most memorable event of my term of office has been alluded 
to by Sir Charles Sherrington, the erection in our rooms through 
the exertions of the Harrison Memorial Committee, of an expressive 
and beautiful memorial to Fellows who died in the service of their 
country during the war, pre-eminent amongst whom was Colonel 
Edward Harrison. His work in devising protective measures against 
the deadly poison gases will never be forgotten. Another event of 
great significance is the collaboration of our Society with the 
American Chemical Society and the Faraday Society in the pub- 
lication of the Journal of Physical Chemistry. This, I trust, is 
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only an earnest of closer relations between all the English-speaking 
chemical societies. For the rest we have enjoyed a period of peace 
and tranquillity, and I leave the Presidency in the hands of my 
successor, Professor Wynne, in the hope and expectation that his 
experience will be as pleasant as my own has been. Professor 
Wynne has already rendered many services to the Society in many 
offices. In the chief office he will render many more. 

I cannot sit down without giving expression to the great gratifica- 
tion which I, in common with you all, feel in the presence of so 
many and so distinguished French colleagues. The names of Le 
Bel and Le Chatelier are associated with my earliest student recol- 
lections. These names had, I am afraid, in my mind come in 
process of time to represent almost mythological deities, and now 
to see their bearers sitting at this table in the flesh, so human, so 
fresh, and so genial, is a source of rare pleasure and content. Ladies 
and gentlemen, I thank you most cordially for the kind reception 
you have given to the toast of ‘“‘ The Chemical Society,”’ proposed 
in such happy and such handsome terms by Sir Charles Sherrington. 

Dr. ArtHuuR W. Crosstry, C.M.G., C.B.E., F.R.S., then pro- 
posed the Toast of “‘ Our French Guests ” in the following words :— 

Upon me falls this evening the honour of proposing the toast 
of our French guests. 

I wish that it were possible for me to borrow for the occasion, 
and in order to do justice to it, some of that polished oratory for 
which our French neighbours are so justly distinguished. But as 
that is not practicable I must of necessity content myself with 
using such language as is at my command in endeavouring to 
convey to our guests an impression of the very sincere and 
genuine pleasure we are experiencing in having them with us this 
evening. English chemists have always had a very sincere 
regard and admiration for their French colleagues, an admira- 
tion which does not lessen as time advances. We chemists have, 
I think, sir, one great thing for which to be thankful, namely, 
a common meeting-ground where we can draw close together in 
our aims and ideals. This common meeting-ground is the search 
for the absolute truth regarding the substances and phenomena 
which we are investigating. Here there is no room for two 
opinions as to what is right, for though our views and interpretations 
of the laws which govern chemical truth may undergo slight modi- 
fication as the result of experimental work in hand, the laws 
themselves remain as those of the Medes and Persians, unalterable. 
To satisfy truth is the sole endeavour of us all. And if this meeting- 
ground sometimes assumes, as this evening, a rather less serious 
aspect, this is all to the good, for it provides an opportunity of 
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getting to know one another as men and as individuals, in addition 
to our knowledge of one another as chemists. This is one of the 
main reasons why we welcome our guests this evening. Their 
names are household words to all chemists, but we are glad of 
this opportunity of learning something of the personalities attached 
to the names. 

When France gave to the chemical world the immortal Lavoisier, 
she set herself an uncommonly high standard, but I do not think 
the most critical of all France’s critics can with justice say that 
she has failed to live up to that standard. I should like to 
direct attention to the names of those French chemists who 
have honoured this Society by accepting honorary Fellowships, 
and in so doing I purposely omit all names appearing in our present 
list. The first Honorary Fellow was appointed in the year 1847 
and his name was Dumas. Then followed in 1849 Boussingault, 
Chevreul, Gay-Lussac, Laurent, Pelouze, Regnault, Thénard; in 
1851 Balard; in 1856 Wurtz; 1857 Cahours; 1860 Berthelot, 
Frémy, Peligot, Deville. In 1862 Pasteur, surely a great chemist, 
but above all things a great humane man; in 1864 Dessaignes; 
in 1876 Friedel; in 1883 Debray; in 1888 Boisbaudran; in 
1892 Schlesing; in 1898 Troost, Raoult, Moissan; in 1904 
Becquerel; in 1908 Gautier. Surely, sir, a country which can 
add to the list beginning with Lavoisier the names I have just 
mentioned cannot be said to have lowered her standard. 
These are names of which the whole world of chemists has just 
reason to be and is proud. And what of the little constellation 
of chemical stars which France has sent to us this even- 
ing? I single out two as being of particular brilliance, but I do 
not think that this will cause any heart-burnings in the breasts of 
our friends, for I do so for no other reason than that I have the 
pleasure of coupling their names with this toast. I refer to Pro- 
fessor Le Chatelier and to M. Paul Kestner. We welcome 
Professor Le Chatelier on many grounds, but first and _ fore- 
most as the honoured representative of our great sister Society, 
La Société Chimique de France, and we would ask Professor Le 
Chatelier, when he returns to France, to convey to our sister Society 
our warmest greetings and good wishes. We welcome Professor 
Le Chatelier also as a very distinguished Honorary Fellow of this 
Society, and as a Davy Medallist and foreign member of the Royal 
Society. Last, we welcome him as one of the elder brethren of 
the great Fellowship of Chemists. He had made chemical 
history when I was but a student; he has continued to make 
chemical history, for his researches have illumined any and all of 
the branches of chemistry in which he has worked, no matter 
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whether it be the principle of mobile equilibrium, the nature of 
gaseous explosions, or the setting of cements. M. Kestner we wel- 
come in the first place as representing another great sister Society, 
La Société de Chimie Industrielle, which Society is also repre- 
sented by its general secretary, M. Jean Gérard, and by a member 
of its Council, M. Maurice Deschiens. All three represent a class 
not very prominent in this country, namely, that of the chemical 
engineer. My duties a few years ago brought me into very close 
contact with many French chemical engineers, and I very soon 
learned to appreciate their skill and marked ability to adapt them- 
selves to new or altered conditions. This country has much to 
learn from its neighbour in this respect. M. Kestner may be 
described as the ideal chemical engineer. His name is known 
all the world over in connection with his film evaporator, 
and the improvements which his skill has introduced into the 
sulphuric acid chamber process. Professor Le Bel we welcome as 
a very distinguished Honorary Fellow of this Society, and as a 
Davy Medallist and Foreign Member of the Royal Society. 
All chemists are grateful to him for his original conception of 
assigning to the carbon atom a tetrahedral sphere of influence, an 
idea which, perhaps more than any other, has been responsible 
for the brilliant advances which organic chemistry has made during 
the last forty-five years. Professor Urbain we welcome as another 
distinguished Honorary Fellow of this Society. His researches 
strike a line contrary to those of most other chemists, for he is 
only satisfied to have dealings with the rarest of the rare. His 
work on the rare earths is the work on the rare earths. We have 
also exceptional pleasure in welcoming Madame Urbain, and we 
are charmed to greet her as our guest this evening. If Madame 
Urbain is not an Honorary Fellow of this Society, she can at all 
events and with justice claim to be the better half of an Honorary 
Fellow. 

Such, sir, is the little group of chemists which represents France 
here this evening. Surely a group worthy of France’s great and 
best traditions. We are proud to have them with us; we shall 
greatly regret when the time comes to say au revoir. We hope that 
they will take away with them a pleasurable remembrance of good 
comradeship, as they will certainly take our earnest and sincere 
wishes for continued success in their life work, devoted as it is to 
the study of that science which we all hold so dear. I have pleasure 
in proposing the health of our French guests and in coupling the 
toast with the names of Professor Le Chatelier and M. Paul Kestner. 

Professor Henry Le CuatTe vier, For.Mem.R.S8., replied :— 

Messieurs,—Au nom de la société chimique de France, je vous 
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remercie de l’aimable accueil que vous avez fait ce soir 4 ses délégués, 
De semblables réunions sont bien faites pour reserrer les liens de 
deux pays également fiers de marcher & la téte de la civilisation. 

Le concours des bonnes volontés, la coopération des activités 
sont indispensables aux progrés de ’humanité; l’homme seul est 
impuissant. Mais pour produire tout son effet, il ne suffit pas que 
cette coordination des efforts soit réalisée & un seul instant et dans 
un seul pays; elle doit s’étendre dans le temps et dans |’espace, 
Les plus grandes découvertes scientifiques ont été la résultante 
d’idées développées par des générations successives de savants et 
des échanges de vue incessamment renouvelés entre pays voisins. 

L’Angleterre et la France ont joué un réle particuliérement 
important dans la création de la Science. Leur action s’est entre. 
mélée de telle sorte qu’il est parfois difficile de fixer la part revenant 
& chacun de ces pays. 

A ses débuts, la Science a eu une origine essentiellement philo- 
sophique. Bacon, en Angleterre, Descartes, en France, ont jeté 
les bases de la Science expérimentale. Lavoisier, tout imprégné 
des doctrines Cartésiennes, a fondé la chimie scientifique par sa 
découverte des deux lois de la conservation de la masse et des 
éléments, bientot complétées par les lois de Dalton sur les proportions 
définies et les rapports simples. A leur suite, les savants définitive- 
ment fixés sur l’objet essentiel de la Science, consacrent tous leurs 
efforts & déméler les lois qui enchainent inexorablement toutes 
les transformations du monde matériel. Gay-Lussac formule les 
lois de la compressibilité et de la dilatation des gaz; Faraday, 
celles de la décomposition électrolytique. Sadi Carnot crée la 
thermodynamique et Joule la compléte par la découverte du 
principe de conservation de énergie. Ampére donne les lois de 
l’électrodynamique sur lesquelles Lord Kelvin édifie toute la 
science électrique moderne. 

La connaissance de ces lois, en nous donnant prise sur le monde 
matériel, nous permet de modifier l’orientation des phénoménes 
naturels de fagon a les asservir & nos besoins. Cela a été l’origine 
de lessor inoui de l’industrie pendant le siécle qui vient de finir. 
Des lois de la Thermodynamique, Sir William Siemens tire le four 
& récupération avec lequel Martin crée une nouvelle métallurgie 
de l’acier. En partant des lois de Joule, le méme savant imagine le 
four électrique au moyen duquel Moissan institue toute 1’électro- 
métallurgie. C’est un rebondissement continuel entre les décov- 
vertes des savants Anglais et Frangais. Chaque découverte des 
uns inspire de nouveaux progrés aux autres. 

La Science semblait avoir trouvé sa voie définitive; il n’en était 
rien. Des penseurs & l’imagination ardente, désireux de s’élever 
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au dessus de la simple satisfaction de nos besoins matériels et sevrés 
de la contemplation des mystéres divins par l’affaiblissement général 
du sentiment religieux, tournérent leurs aspirations vers ]’étude de 
la constitution de la matiére. Des formules de constitution de 
Gerhardt et de l’atome insécable de Wurtz aux molécules de 
J. J. Thomson, d’une complexité semblable 4 celle du systéme 
solaire, aux mondes 4 quatre dimensions et aux systémes physiques 
imaginaires la préoccupation a été la méme, atteindre la connais- 
sance de l’inconnaissable. Ces ambitions ont-elles été couronnées 
de succés? La religion de l’Atomistique survivra-t-elle? Sur un 
terrain échappant au domaine de |’expérimentation, nous devons 
étre modestes et attendre le jugement de la postérité. Admirons 
cependant la poésie de ces réves; elle subsistera toujours; ne 
lisons-nous pas encore avec plaisir la théorie du monde édifiée par 
Démocrite et mise en vers par Lucréce dans le de Natura Rerum ? 

Aujourd’hui, de nouveaux courants surgissent; les démocraties 
demandent aux savants de travailler au bonheur immédiat de 
’humanité, de prolonger l’action bienfaisante exercée jadis par les 
fondateurs de la Science expérimentale. I] est impossible de lutter 
contre ce mouvement d’opinion et personne ne songe & le faire. 
Mais, comme dans la gracieuse légende de Daphnis et Chloé, si la 
science et l’industrie sont disposées 4 s’aimer de l’amour le plus 
tendre, elles ne savent comment se le témoigner. La Science doit- 
elle revenir en arriére et se remettre simplement 4 |’étude des lois 
de la nature, ou doit-elle, comme beaucoup d’industriels le lui 
demandent, s’atteler & la recherche de faits nouveaux, sacrifiant 
ainsi la Science véritable a l’empirisme ? 

Il est imprudent de vouloir prédire l’avenir. Certains symptémes 
indiquent cependant un retour vers les origines de la Science. Les 
principes d’organisation scientifique du travail de Taylor, la 
révolution qu’ils ont amenés dans les procédés de la construction 
mécanique ont jeté un jour tout nouveau sur |’utilité des principes 
mémes de la méthode scientifique. La semence jetée par de grands 
penseurs : Bacon, Descartes, Pascal, Lavoisier, Auguste Comte, 
Stuart Mill, Herbert Spencer, Taine et Claude Bernard commence 
4 porter ses fruits. Le culte de la méthode, de l’organisation se 
développe et tend 4 sortir des laboratoires de recherche. Le réle 
des savants va étre d’enseigner aux industriels, aux commergants, 
aux politiques les moyens d’aborder scientifiquement les problémes 
que posent journellement les fabrications, les échanges, l’adminis- 
tration. Dans la Science pure, on fait systématiquement abstrac- 
tion de toutes les propriétés de la matiére, sauf une, celle que l’on 
étudie spécialement. Dans l’industrie, au contraire, on doit prendre 
les phénoménes avec toute leur complexité; les lois cherchées 


58 


s’expriment par des fonctions algébriques d’un grand nombre de 
variables, souvent plus d’une douzaine. On ne peut se reconnaitre 
dans un semblable labyrinthe sans prendre la méthode scientifique 
comme fil d’Ariane. 

Pour remplir ce réle nouveau, la science devra redevenir philo- 
sophique. La France et |’Angleterre sont préparées a ce role; 
elles sauront travailler la main dans la main pour donner w 
nouveau lustre a la civilisation et assurer la paix du monde. 

M. Pau KEstNER responded :— 

Mr. President, Ladies and Gentlemen, Professor Crossley and 
my eminent friend and master, Monsieur Henri Le Chatelier, have 
shown us how the history of chemistry is also the history of a 
close co-operation between English and French chemists. They 
have shown us how this co-operation has developed, through 
natural causes, into great friendship. This friendship of the English 
and French men of science in the pure and applied field is based 
on sure foundations. It is always good, however, to look after 
the foundations and see if they cannot be improved and strength- 
ened, and such occasions as the present are very helpful to this 
desired end. 

When we formed the Society of Applied Chemistry in France 
which, as President, I have the honour of representing here to-night, 
we had as our essential aims the gathering together of those who 
are interested in industrial chemistry, so that useful work might 
be accomplished; but—may I confess it here ?—one of the main 
objects I, personally, had in view was to assist by all possible means 
the strengthening of the Anglo-French friendship. 

I call, as witnesses, the many friends I have in this room, that 
much has already been accomplished in this way by the Société 
de Chimie Industrielle. 

English friendship has been manifested by the invitations to 
this function sent to the French Societies. It has been mani- 
fested by the cordiality of your reception, and by the words which 
have been spoken. 

French friendship has replied, and the delegation here to-night 
is, I believe, the largest that has attended any similar reunion. 

But I also like to think, and in fact I know, that the invitation 
to the Société de Chimie Industrielle de France, to send a numerous 
delegation, is evidence of the affection of the oldest chemical society 
in Great Britain to the youngest of us—the very newest comer. 

The Société de Chimie Industrielle is infinitely gratified. What 
greater encouragement could we receive, and what greater reward 
for the efforts we have made, than this invitation, which so greatly 
honours us ? 


59 


I always experience a very sincere emotion when I, as a repre- 
sentative of a Society of Applied Chemistry, am the guest of an 
assembly of savants; but, to-day, by virtue of these surroundings, 
I experience these sentiments with special intensity. The men 
of science are our masters; they are our spiritual chiefs! They 
give themselves up to pure research which results in the prosperity 
of applied chemistry. Industry turns to its advantage all those 
laws which the men of science establish, which they often establish 
without any regard to their application, and simply with the 
intention of increasing our knowledge. 

But, on the other hand, the manufacturers, and the industrial 
chemists, are glad that it is given to them to witness how frequently 
applied science has given to the pure savant an impulse or an idea 
which afterwards directs him in his researches. 

The coincidence that the centenary of Pasteur occurs at the 
same time as the centenary of the discovery of racemic or para- 
tartaric acid is worth mentioning on this occasion. This discovery 
was made by my great-uncle, Charles Kestner, in his works in 
Alsace. 

An important discovery indeed it was. It aroused much attention 
and was the origin of remarkable work by the most prominent 
scientists of those days, Berzelius, Gay-Lussac, Mitscherlich, Biot, 
and many others. 

But is this discovery, or rather is paratartaric acid, not also the 
seed from which twenty-five years afterwards sprang the chemical 
work of Pasteur, that portion of his work that dominates the 
whole of his career in the realm of pure chemistry, namely, his 
research on molecular asymmetry and the relation between this 
and optical activity ¢ 

The wonderful foresight and the great experimental skill of 
Pasteur provided the base upon which, many years later, Le Bel, 
my distinguished compatriot, present at this table, and Van’t Hoff 
established the doctrine of the asymmetric carbon atom; the 
f carly work of Pasteur on the paratartaric acid obtained from the 
Alsatian factory in Thann thus proved the foundation of the whole 
great: science of stereochemistry, to which my distinguished friend, 
Sir William Pope, has of recent years made such important 
contributions. 

As to the biological work of Pasteur, this began at Lille, when 
a distiller of alcohol, Bigot, encountered difficulties in his fermenta- 
tion and consulted the young Professor of the Faculty of Sciences 
of that town. Pasteur recognised that the troubles of the distiller 
were due to the presence in the vat, alongside the usual alcohol 
ferment, of other micro-organisms, and in particular certain bacilli 
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which interfered with the fermentation and reduced the yield of 
alcohol. Pasteur was able to show that, in addition to the alcoholic 
fermentation, other fermentations developed, which destroyed the 
sugar without forming alcohol, and he showed that each fermentation 
corresponded to a characteristic ferment. 

The study of the diseases of silkworms which Pasteur somewhat 
unwillingly undertook at the desire of Dumas and the Minister of 
Agriculture takes us still further away from pure chemistry, and 
leads us more into the world of biology and the study of the causes 
of infectious diseases. 

Thus we can see how, driven on by problems which were submitted 
to him by industry, Pasteur came first to make his fine discoveries 
in pure chemistry, and, equally driven by other problems sub- 
mitted by industry, he was obliged to depart more and more from 
what is properly described as chemistry, and found himself finally 
definitely engaged in the study of biological phenomena and 
infectious diseases. But the whole of Pasteur’s work is a logical 
development from the first researches made on paratartaric acid, 
discovered by a chemical manufacturer. 

In the name of the Société de Chimie Industrielle I most heartily 
thank the Chemical Society for this evidence of the affection shown 
to our young Association. I thank the Chemical Society for the 
courtesy and cordiality of the welcome which they have shown 
us this evening. I thank you in particular, Professor Crossley, for 
the kind words you have spoken of us. They will touch the hearts 
of all members of our Association. 

In conclusion, I express the hope that the Chemical Society, 
when it receives our invitation to our meeting this year, will 
respond by sending a large delegation to visit us. 

Professor W. P. Wynne, D.Sc., F.R.S. (President-elect of the 
Chemical Society), in proposing the toast of “‘ The Other Guests,” 
said :— 

Two years ago the Society was engaged in doing honour to several 
of its Presidents who had reached their jubilee as Fellows of the 
Society. On that occasion ladies were present for the first time, 
but so far as my recollection serves, no comment was made on that 
very welcome fact. This evening we have a number of ladies 
present, some of whom, while not Fellows of the Chemical Society, 
are sufficiently interested in the Society to give us the pleasure of 
their company. We thank them for their presence, which makes 
these gatherings so much more sociable than the austere banquets 
of the years before the war. 

Among the other guests included in the toast there are not 
only the President of the Royal Society, of whose kind references 
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to our work you, sir, have made acknowledgment, but also 
the Presidents of Societies which have cultivated intensively 
various departments of chemistry. Many of them are Fellows 
of this Society, but their presence in an official capacity may 
perhaps be construed as evidence that the Societies they repre- 
sent look forward to and desire, as does this Society, that closer 
co-operation which, when achieved, will enable chemistry to speak 
with a united voice about all cognate matters which concern the 
public welfare. It is a matter of history that the grouping together 
of the scientific societies in Burlington House was due in no small 
measure to the beneficent activities of the Royal Society. Such 
provision for science, inadequate as it now is, made an abiding 
impression on the public mind. The time cannot be far distant 
when this Society, or the Federal Council for Pure and Applied 
Chemistry, in the foundation of which we played so prominent a 
part, will press forward to a solution the most urgent problem 
that confronts us at the present time, namely, the provision of 
a central building in which all British chemical societies will be 
housed, and thus achieve for Chemistry what the Royal Society 
was so largely instrumental in accomplishing for science in 
general. 

During the war chemistry won for itself in this country a 
definite measure of recognition as one of the agencies vital to the 
maintenance and preservation of the State; but this belated 
appreciation may dwindle unless we first consolidate and then 
improve our position while opportunity serves. One step at least 
has been taken in this direction since the beginning of the 
present year: I refer to the founding of the new journal, 
“Chemistry and Industry,” by the joint enterprise of the Federal 
Council and the Society of Chemical Industry. We admire the 
courage and initiative which have led to this development, for the 
journal is intended not only to be a chemical newspaper serving 
purely chemical interests, but under the guidance of its versatile 
editor, Dr. Miall, who is here this evening, will, we hope, carry 
conviction to the minds of those by whom we are governed—news- 
paper editors first and foremost; then perhaps, with their aid, local 
authorities, and it may be in time Whitehall—that neglect of 
chemistry is incompatible with national progress. 

We are glad to welcome as our guests the President of the Asso- 
tiation of British Chemical Manufacturers. We owe the members of 
that Association a very great debt of gratitude for the efforts they have 
made not only to maintain the heavy chemical industry, but also to 
provide those materials in small quantities which are so indispensable 
toresearch. From our point of view as investigators, they have put 
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at the disposal of research laboratories something like three thousand 
chemical substances, many of them of a higher order of purity than 
could be obtained from abroad before the war. These research 
chemicals are indispensable for our investigations, and yet not a few 
are produced only in small quantities and probably without profit 
to those who manufacture them. It may interest the President of 
the Association to know that the Chemical Society has a Research 
Fund from which grants are made in aid of research, and it has 
expressed the wish that chemicals purchased out of these grants 
shall be of British origin so far as that is possible. If research 
laboratories follow this lead, it may be hoped the Association will 
be encouraged eventually to make us independent of foreign sources 
of supply. 

Then we have present with us the President of the Phar. 
maceutical Society, whom, in view of my old association with 
pharmacy, I may be permitted specially to welcome. It will be 
noticed, however, that those who arranged the tables have not 
placed him next to the President of the Institute of Chemistry, so 
evidently they are not yet agreed about the use of the terms 
pharmacist and chemist. This reference to the Institute brings 
me back to my toast, which is that of the other guests, coupled 
with the names of Mr. Chaston Chapman and Sir Richard Gregory. 

Mr. Chapman needs no introduction to Fellows of the Chemical 
Society, for not only is he one of ourselves, but as President of the 
Institute of Chemistry he has built truly and well on the 
foundation laid by his predecessors in office, so that the status of 
the profession of chemistry, which is the especial care of the Institute, 
never stood higher than now. 

And of Sir Richard Gregory is it not true to say that through 
the journal ‘‘ Nature” he so ably edits, touch is maintained with 
workers even in obscure fields of research ? We do well to be grateful 
to anyone like him who by a wide outlook over the field of scientific 
inquiry, in these days of specialisation, enables us to follow progress 
made in other departments of science than our own. Sir James 
Walker, ladies and gentlemen, I give you the toast of “‘ The Other 
Guests,” coupled with the names of Mr. Chaston Chapman and 
Sir Richard Gregory. 

Mr. CHASTON CHAPMAN, in reply, said :— 

In responding to the toast of your guests to-night I find myself 
in a rather more difficult position than that cf my distinguished 
friend Sir Richard Gregory, who is also, I see, to respond to this 
toast, for, unlike him, I am a Fellow of the Chemical Society, and 
have been a Fellow for a good many more years than I sometimes 
like to remember. Sir Richard Gregory, as a matter of fact, is 
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appearing before you to-night in his true colours, whereas I feel 
rather like the wolf of the fable disguised in the sheep’s clothing. 
The somewhat anomalous character I am sustaining here to-night 
reminds me of a very old story. The story is that of an inmate of 
a certain lunatic asylum. On one occasion a visitor was being 
taken round the asylum by an attendant, and in the course of his 
journey he said, ‘‘ That is a very interesting man over there. Who 
is he? ” and the attendant said, “Oh! that is a very bad case of 
monomania. He is all right on every subject but one, but when you 
get near that he is hopeless.” The visitor said, “‘ I should like to 
have a chat with him,” and he did. Fora time all went well. The 
man seemed lucid. Something was then said, and the inmate 
replied, “‘ My dear sir, I don’t think you know to whom you are 
speaking. Do you know I am the Czar of Russia?’ The visitor 
passed on. A year or so later the same visitor was going through 
the same institution, and said, ‘‘ There is my old friend the Czar 
of Russia. I should like to have a chat with him.” The same 
thing happened. Everything went well at first, until something 
was said, and then, as before, the inmate said, ““ Do you know who 
Iam? Iam the Emperor of China.” The visitor said to the man, 
“But, the last time I was here you were the Czar of Russia.” “Oh, 
yes,” replied the inmate, ‘‘ but that was by another mother.” 

Ladies and gentlemen, I have attended a great many dinners of 
the Chemical Society, and on all those occasions I have been happy 
to associate myself with the proposers of this toast in drinking the 
health of our guests. That was as the Czar of Russia. To-night I 
find myself transformed into the Emperor of China, and in that 
capacity I have to respond to the very same toast. Well, the “ other 
mother ”’ in this case is quite clearly the Institute of Chemistry, and 
on behalf of the Institute, which I have the honour to represent 
to-night, I should like to offer you an expression of our deep appreci- 
ation and our cordial thanks. The Institute is at all times happy 
to be associated with the Chemical Society in anything that makes 
for the good of chemistry, and we are only too anxious to do any- 
thing we can in co-operation with the other societies to insure that 
chemistry shall take that position to which it is really entitled in 
the councils of the nation, and that it shall be able to speak with a 
firmer and stronger voice than has been the case in the past. Those 
of your guests for whom I have the honour of responding to-night, 
will feel, as I do, that we have spent an exceedingly interesting even- 
ing, and a very happy one, and I am confident it would be their 
wish that I should offer to you on their behalf our warmest thanks 
for the very kindly and hospitable manner in which you have 
teceivedfand entertained us. 
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Sir RicHarD GRrEcoRyY, who also responded, said :— 

It is my duty to pronounce the epilogue upon this most pleasant 
evening from the point of view, at any rate, of the guests of the 
Chemical Society. When I was asked to be one of the responders 
to this toast I derived a considerable amount of satisfaction from 
the fact that I was to be associated with Mr. Chaston Chapman in 
that honour. I felt in the position of the schoolboy who said that 
the mechanical advantage of a long pump handle was that you could 
get someone else to help you pump. And I have had this evening 
a very excellent assistant in exerting the amount of energy required 
to pump out to some extent the expression of our appreciation of the 
hospitality that has been offered to us. 

I can say in the words of the announcement displayed in a French 
hotel, “‘ The wines of this establishment leave the traveller nothing 
to hope for.” We have as guests little to hope for after the 
generous hospitality which we have enjoyed this evening. But the 
formula at this late hour is for the speaker to say that he does not 
wish to detain the company by inflicting upon his hearers an 
additional amount of suffering to that to which they have been 
subjected. 

There was once a man in the Wild West who was just about to 
be swung off on account of committing some act against the laws of 
the community. He was asked by the sheriff, when the crowd had 
assembled to witness the function, whether he would like to say any- 
thing for Press purposes before he was launched into the other world. 
He said, “ No, thanks. Get on with the job.” But an officious person, 
I think he must have been an editor, came forward and said that he 
would like to make a few remarks to the assembly, and the man who 
was about to be hanged was asked if he had any objection. His 
reply was, “ No, not at all, only hang me first.”” Sometimes, ladies 
and gentlemen, I think the former alternative might be preferred to 
the latter in the case of some speakers. But I need scarcely say 
this does not apply to those that we have heard this evening. 

In another vein, however, I may in response to what my friend 
Professor Wynne has been good enough to say about nature—that 
is, the journal “ Nature ’—that it also has its troubles. There was 
once a schoolboy who described the Press as the mouth-organ of 
the public. The journal I have the honour of editing tries to sup- 
press the mouth-organ quality, yet we do occasionally get a stunt 
such as the announcement of a new element of atomic number 72. 

My early interests were astronomical, but after thirty years’ 
association, possibly of a superficial kind, with all the sciences, I am 
afraid that one loses that intensive interest which is essential for 
progress. And yet astronomy to-day really touches your science of 
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chemistry at many points. A striking illustration of the development 
is, I think, contained in an article which we published a few weeks 
ago giving an account of the plant that has been erected in the United 
States for the production of helium gas. This gas was first dis- 
covered in the sun in 1868 by Lockyer, and was not isolated on the 
earth until twenty-seven years later. It is now being produced 
at the rate of from forty to fifty thousand cubic feet a day in the 
United States, and is being compressed and stored in steel cylinders 
in case of future needs for airships or other purposes. This is a 
most remarkable development of purely scientific work—linking 
up the work of the astronomer and the chemist, bringing, as it were, 
the light of the stars and of the sun down to the earth, and using it 
to discover a gas for inflating purposes. There is a law in the 
United States at the present time that no airship shall fly over 
American territory unless inflated with helium gas. To think that 
that development should come from a source not known on the earth 
until twenty-seven years after it had been discovered is an inspiring 
sign of the value of purely scientific work. 

There is only one further point to which I should like to allude, 
and that is the general idea of the public that science represents 
only engines and powers of destruction. In this twentieth century 
of ours and these days of modern civilisation, it is associated in 


the minds of the people in general with the preparation of poison 
gases, with high explosives, and with all that these mean for 
destruction. With the history of helium and other elements in 
mind, one would like to say that really the voice of science is not 
in the bomb, is not in the high explosive or in the cloud of poison 
gas, but in the still small voice which comes from the recesses of 
the chemical laboratory. 


Ordinary Scientific Meeting, Thursday, May 3rd, 1923, at 8 p.m., 
Professor W. P. Wynne, D.Sc., F.R.S., President, in the Chair. 

The President referred to the loss sustained by the Society in 
the death of Edward Williams Morley, on February 24th, 1923, 
who was elected an Honorary Fellow on May 18th, 1904. 


Certificates were read for the first time in favour of : 


William Norman Allison, 16, Rycroft Road, Fazakerley, Liverpool. 

Perey Burgess Domone, 20, Vaughan Gardens, Ilford. 

John Clarence Hogg, B.A., College House, Pennywell Road, St. John’s, New- 
foundland. 

Victor Malwin, M.Sc.Tech., 12, Grove Street, Broughton Lane, Manchester. 

Samuel Medsforth, M.Sc.Tech., A.I.C., 46, Panmuir Road, Wimbledon, 
S.W. 20. 
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Herbert Raymond Moody, A.M., Ph.D., §.B., 63, Hamilton Terrace, New 


York City. 


Harald Nielsen, 13, Firs Avenue, Muswell Hill, N. 10. 
Wilfred Alan Wightman, B.A., The University, Leeds. 
George Henry Wray, 198, Church Gate, Loughborough. 


The following Certificate has been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


Frederick William Ford, The Institute Bactériothérapique, Carouge, 


Geneva, Switzerland. 


Messrs. E. E. Turner and E. E. Walker were elected Scrutators, and 
a ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows : 


Kundan Lal Aggarwal, M.Sc. 

Sidney Hartley Bales, M.Sc., A.I.C. 

Joseph Arthur Baume. 

Thomas Vincent Blake. 

Jyoti Prokash Bose, M.B. 

Frank Arthur Boys. 

Joseph Brown. 

Richard Burtles, M.Se.Tech. 

Basil Elmsley Coke, O.B.E., B.A. 

Ernest Alfred Coppen. 

William Everard Davies. 

John Dexter, B.A., B.Sc. 

Hildyard John Eglinton Dobson. 

Maxwell Bruce Donald, M.Sc., A.R.C.S., 
A.L.C. 

Gordon William Dorrell, B.Sc. 

Robert George Evans. 

Hugh Findlay, F.I.C. 

Mary Beatrice Ford, B.Sc. 

Willis Alexander Gibbons, 
Ph.D. 

George Philip Gibson, B.Sc. 

Khwaja Habib Hassan, B.Sc. 

Thomas Shirley Hele, M.A. 

John Thomas Holden, B.Sc. 

Robert Fergus Hunter. 

Donald Bennett Huntingford, M.Sc., 
A.I.C. 

Joseph Gilbert Jackson, B.Sc. 


A.M., 


The following papers were read : 


Robert Barry Johns. 

William Hugh Jones, B.Sc. 

Narain Das Kehar, B.Sc. 

Mary Evelyn Laing, M.Sc. 

Wilfrid Leslie Lamb, M.A. 

Wilfrid Lawson, M.Sc., A.I.C. 

Stephen Miall, LL.D., B.Sc. 

Arthur Milnes Morley, B.Sc.Tech., 
A.L.C. 

Kanwal Nain, L.M.S. 

Charles Ashe Pelley. 

Ronald Arthur Punter, 
A.I.C. 

Ernest Avery Roff, B.Sc. 

Albert Rose. 

Eugene Rothstein. 

Sidney Walter Saunders, B.Sc. 

Victor Wallace Slater, B.Sc. 

Christopher Caiger Smith, B.Sc. 

Daniel Whitehead Steuart, B.Sc. 

John Sunderland, B.Sc. 

Harold George Turley, B.Sc. 

Allan Miles Ward, B.Sc. 

Charles Arthur Waters, B.Sc. 

Norman Frederick Watterson, 
B.S8Sce., A.I.C. 

Edward Johnson Wayne. 

Edith Muriel Whincop, M.Sc. 

Mahomed Yacob, M.B., B.S. 


B.8ce., 


“Change of properties of substances on drying. Part II.” By 


H. B. BAKER. 


“The sodium salts of phenolphthalein.” 


P. Hatton. 
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“The action of thiosulphates on cupric salts.’ By H. Bassett 
and R. G. Durrant. 

“The conditions of reaction of hydrogen with sulphur. Part I. 
The catalytic effect of oxygen. Part III. On the mechanism 
of the reaction of hydrogen with sulphur and its catalysis by 

; oxygen.” By R. G. W. Norrisu and E. K. RipEAt. 

incl I Studies of electrovalency. Part II. Co-ordinated hydrogen.” 

By T. M. Lowry. 


uge, Ca 


New 


Meeting held in the Lecture Hall of the Institution of Mechanical 
,and § Engineers, on Thursday, May 10th, 1923, at 8 p.m., Professor 
were § WV. P. Wynnu, President, in the Chair. 
Professor W. H. Perkin delivered the Baeyer Memorial Lecture. 
A vote of thanks to the Lecturer, proposed by Professor H. E. 
Amstrong, and seconded by Dr. F. D. Chattaway, was carried 
with acclamation, Professor Perkin making acknowledgment. 


Ordinary Scientific Meeting, Thursday, May 17th, 1923, at 
‘ech, $8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 
The following were formally admitted Fellows of the Chemical 
3.8c,, BSociety: F. Stanley Clarke, Ernest A. Dancaster, A. E. Goddard. 
Certificates were read for the first time in favour of : 
Alfred Bostock, B.Sc., Scheol House, Lower Bebington, Birkenhead. 
John Cleminson, B.Sc., Marionville, Etherley Lane, Bishop Auckland. 
James Edward Corless, West Buckland School, South Molton, Devon. 
Hans von Euler-Chelpin, Prof., The University, Stockholm. 
Erie Hurst, B.Se., Strathmore, Robinson Street, Chatswood, Australia. 


4 Thomas Roger Lewis, 87, Boundary Road, Wood Green, N. 22. 
Richard Arnold Shrewsbury, B.Sc., A.R.C.S., 2, Radnor Avenue, Harrow. 


The meeting was then adjourned and the Informal Meeting 
leclared open. 
rson, SS 


MEETINGS AND LECTURE. 


The next Ordinary Scientific Meeting will be held on Thursday, 
June 7th, 1923, at 8 p.m. 


On Thursday, June 14th, 1923, at 8.80 p.m., in the Society’s 
Rooms, a Lecture will be delivered by Professor Charles Moureu, 


‘titled: “‘ Les Gaz Rares des Sources Thermales, des Grisous et 
Autres Gaz Naturels.” 


By 


and 
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The last Ordinary Scientific Meeting this Session will be held 
on Thursday, June 21st, 1923, at 8 p.m., when there will be a 
ballot for the election of Fellows. 


List of papers received between April 20th and May 17th, 1923: 


“Studies of electrovalency. Part II. Co-ordinated hydrogen.” 
By T. M. Lowry. 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XX. The rational study of optical 
properties: Refraction a constitutive property.” By H. 
HUNTER. 

“The adsorption of the -B and -C members of the radium and 
thorium series by ferric hydroxide.” By J. A. CRAnstox 
and R. Hurron. 

“The so-called pre-pressure interval in gaseous explosions.” By 
J. D. Morean. 

“The action of sodium hyposulphite on cupric chloride in aqueous 
solution.” By J. B. Fiera and J. Hieson. 

*““ Researches on phellandrenes. Part I.” By H. G. Smriru, FE. 
Horst, and J. Reap. 

“The action of sulphuryl chloride on organic substances. Part 
II.” By T. H. Durrays. 

“ Substitution in vicinal trisubstituted benzene derivatives. Part 
I.” By W. Davizs. 

“ Investigations of the chromates of thorium and the rare earths. 
Part I. The system: thorium oxide-chromic anhydride- 
water, at 25°.” By H. T. S. Brrrron. 

‘‘ Benzopyrylium salts of distyryl ketones. Part II. Salts and 
metallic complexes of 4’-dimethylamino-2-styrylbenzopyry!- 
ium.” By J. 8. Buck and I. M. Hemsron. 

“The freezing-point curve for mixtures of sodium nitrate and 
potassium nitrate.” By H. V. A. Briscoz and W. M. Manel. 

‘‘-Oxalyl derivatives of §8-dimethyl- and «$-dimethylacrylic 
acids.” By L. Hiceryspotuam and A. LaPpwortu. 

“‘ Substitution in the pyrazole series. Haloid derivatives of 3:5- 
dimethylpyrazole.” By G. T. Moraan and I. ACKERMAN. 

“The protective action of potassium oleate in water alcohol solu- 
tions.” By E. K. Ripeat and L. L. BrrcoumsHaw. 

“ Effect of hydrochloric acid on the enolising action of Grignard’ 
reagent.” By V. K. BHagwat. 

“ Hydroxy-naphthoic acids. Part I.” By F. A. Royze and 
J. A. SCHEDLER. 
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“Hydroxy-naphthoic acids. Part II.” By C. Butuer and F, A. 
ROYLE. 

“The properties of some silver organosols.” By J. K. Gites and 
C. 8. SaLMon. 

A ‘Researches on indium. Part I. Diphenyl indium chloride and 
phenyl indium oxide.” By A. E. Gopparp. 

“Notes on the quantity and properties of charcoal obtained from 
various kinds of Siamese woods.”” By G. Bossont. 

“The polysulphides of the alkali metals. Part IV. The poly- 
sulphides of ammonium.” By J. 8. THomas and R. W. 
RIDING. 

“The isomerism of reduced derivatives of 1 : 4-benzdiazine. Part I. 
The four stereoisomeric 1 : 2 : 3: 4-tetrahydro-2 : 3-diphenyl- 
1: 4-benzdiazines.” By G. M. Bennett and C. 8S. Grsson. 

“The isomorphism of the amides and substituted amides of dichloro- 
and chlorobromo-acetic acids.” By P. V. McKiz. 

“Reduction of ethyl ethylidenemalonate as affected by choice of 
reducing agent.” By L. Hiaa@mnsoTHaM and A. LAPWORTH. 
“Mixed crystals and double salts: a comparison of systems con- 
taining water, ammonium chloride, and a chloride of man- 
ganese, iron, cobalt, nickel, or copper.” By A. C. D. Rivett 

and F. W. J. CLENDINNEN. 

“The reversibility of additive reactions. Part I. The aldol 
reaction.” By E. H. UsHERwoop. 

“Intermittent current electrolysis. Part I. The influence of 
intermittent current on overvoltage.” By S. GLASSTONE. 
“The hydrolysis of the sulphoxide and sulphone of 8§’-dichloro- 

ethyl sulphide.” By A. E. CaAsHmore. 

“Esterification of oxalic acid.” By P. K. Durr. 

“Note on the photosynthesis of amines.” By O. W. Snow and 
J. F.S. Stone. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 2lst, 
1923. 


N.B.—The names of those who sign from ‘‘ General Knowledge ”’ 
are printed in italics. 


Attison, Wit1t1AM Norman, 16, Rycroft Road, Fazakerley, Liverpool. 
British. Analytical Chemist and Technical Chemist. 1905 to 1919 with 
Messrs. Ayrton Saunders & Co., Ltd., Liverpool, wholesale mfg. Chemists 
and Druggists. From 1911 to 1919 manager of wholesale drug dept. with 
this firm. 1919 to 1921 senior works chemist to The Liverpool Borax Co., 
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Ltd., Borax Street, Liverpool. 1921 to date, proprietor of The Fazakerley 
Pharmacy, 422, Longmoor Lane, Fazakerley, Liverpool. 1921 and 1922, 
assistant lecturer, Chemistry Dept., Holt Technical School, Higher Tran. 
mere, Cheshire. (Signed by) George Tate, John Lea, George 8. Irving. 

Buaewat, VinayAK Kesnav, 528, Shanwar Peth, Poona City (India), 
Present address, College of Technology, Manchester. Hindoo, British 
subject. Sir Mangaldas Nathenbhai scholar of the Bombay University, 
(i) M.Se. with distinction (Bombay), Moos Gold Medallist, 1919. (ii) A.I.L.&¢, 
(Bangalore). (iii) Joint author of (a) a paper on Alcoholysis (A., 1920, 
i, 364); (6) a paper on Enolisation of Carbonyl Comp. (A., 1920, i, 368), 
(iv) Professor of Chemistry in Baroda College (India), 1919-1921. (v) At 
present Research Student, College of Technology, Manchester. (Signed by) 
Frank Lee Pyman, John K. Wood, F. M. Rowe. 

Bostock, Atrrep, School House, Lower Bebington, nr. Birkenhead, 
Cheshire. British. Analytical Chemist. B.Sc. (London), 2nd Class Hons. 
in Chemistry. (Signed by) F. 8. Kipping, F. C. Laxton, G. Green, B. D, 
Shaw, J. B. Firth, H. Baines. 

CLEMINSON, JouNn, Marionville, Etherley Lane, Bishop Auckland. British. 
Chemistry Master. B.Sc. (Durham). Trained at Armstrong College, New. 
castle-upon-Tyne. 20 years’ experience as a teacher. At present, Senior 
Chemistry Master at the County Secondary School, Chester-le-Street, Co, 
Durham. (Signed by) H. V. A. Briscoe, J. A. Smythe, P. L. Robinson. 

CorRLEss, JAMES EDwWArpD, West Buckland Sch., South Molton, N. Devon. 
British. Teacher. Science Master at West Buckland School. (Signed by) 
Francis Arnall, F. H. Lowe, P. C. Haywood. / 

DomonE, Percy Burcsss, 20, Vaughan Gardens, Ilford, Essex. British. 
Chief Assistant to C. F. Cross (Cross & Bevan). 30 years with Messrs. Cross 
& Bevan and last 20 years working on cellulose investigations. (Signed by) 
C. F. Cross, E. R. Chrystall, D. R. Davey. 

EULER-CHELPIN, Hans von, Stockholm. Swedish. Professor of Chemistry 
at the University of Stockholm. ‘General Chemistry of the Enzymes,” 
translated by Pope, London, 1912. Member Swedish Academy of Science, 
Stockholm. Member Biochemical Society, London. (Signed by) James 
Walker, E. F. Armstrong, Frederick Soddy, F. G. Donnan. 

Hirst, FREDERICK Beaumont, ‘‘ Walmore,” Mackenzie St., Sharples, 
Bolton. British. Chemist to Bolton Co-operative Soc., Ltd. Laboratory 
Head and Director of Manufacturing Dept., Wholesale Drug Works. Some- 
time Demonstrator, Practical Chemistry, Manchester School of Pharmacy. 
Pharmaceutical Chemist. Fellow Worshipful Company of Spectacle Makers, 
London. Fellow National Association of Opticians. Freeman of the City 
of London. (Signed by) Harry Brindle, Charles Turner, Burke Rushworth. 

Hoaea, JoHN CLARENCE, College House, Pennywell Road, St. John’s, 
Newfoundland. English. Vice-Principal and Science Master, The Methodist 
College, St. John’s, Newfoundland. Natural Sciences Tripos, Part I, Cam- 
bridge University. Responsible for Science (Chemistry and Physics) in 
Methodist College (over 600 pupils). On staff of Rugby School (Chemistry 
and Physics) in 1921 (Advent term). Three months’ work on sugars in 
Chivers’ Jam Factory, Histon, Cambs. Now anxious to keep in touch with 
progressive Chemistry. (Signed by) D. James Davies, William J. Pope, 
W. H. Mills. 

Hurst, Eric, ‘“ Strathmore,” Robinson St., Chatswood, S.W. Research 
Chemist to the Davis Gelatine (Australia), Ltd. ‘The Conversion of Ally! 
Alcohol to Glyceryl Chloro- and Bromo-hydrins,” by John Read and Eric Hurst, 
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Trans. Chem. Soc., 1922, Vol. 121. Two other papers have been accepted 
by the Chemical Society, but have not yet been published. ‘‘ A Contribution 
to the Chemistry of the Phellandrenes,’”’ by Eric Hurst, Henry G. Smith, 
and John Read (read before the Royal Society of N.S.W., Nov. 1, 1922). 
B.Sc. (with Honours in Organic Chemistry, subjects of graduation being 
General Chemistry and Organic Chemistry, pure and applied). Two years 
post-graduate work as Demonstrator and Research assistant in Organic 
Chemistry Dept., University of Sydney. Also two years’ experience with 
Messrs. Orr & Welch, 80, Hunter St., Sydney, Assayers and Analytical 
Chemists. (Signed by) Charles E. Fawsitt, George Harker, J. C. Earl, J. A. 
Schofield, Henry G. Smith. 

Kira, GEN-1Tsv, Institute of Chemical Technology, Imp. University, Kyoto, 
Japan. Japanese. Professor of Chemical Technology, Kyoto Imperial 
University, Kyoto, Japan. ‘ Uber die Enzyme des Aspergillus oryzae, Wochen- 
shrift fir Brauerie (Berlin),” 24, 460, (1912), “ Die Bedentung der technischen 
Auwendung des Oidium lupuli,” Zeitschrift fir Spiritusindustric, 36, 464, 
(1913) (Signed by) Masumi Chikashigé, Rokuro Nakaseko, Kotaro Shimomura, 
Akira Shimomura. 

Koizumi, Suunzo, Furukawa-cho, Sanjyo-minami, Kyoto, Japan. 
Japanese. Graduate student of Chemical Institute, College of Science, 
Kyoto Imperial University. Graduated in 1920 from Department of 
Chemistry, College of Science, Kyoto Imperial University, with dissertation 
on “‘ Dialkyl derivatives of p-Phenetol Carbamide.”” Papers: ‘“‘ Electrolytic 
Oxidation of Alcohols. I. Isoamyl alcohol,’”’ Memoirs of the College of 
Science, Vol. V, No. 6, 1922. (Signed by) Masumi Chikashigé, Rokuro 
Nakaseko, Kotaro Shimomura, Akira Shimomura. 

Lewis, THomAas Rocrr, 87, Boundary Road, Wood Green, N. 2. Welsh. 
Analytical and Metallurgical Chemist. Very intimate association with the 
late D. T. Williams, F.C.S., for 25 years in joint collaboration with him in 
technical advice given to clients upon the merits or otherwise of industrial 
processes submitted to us by them, also as joint Public Analytical Chemists. 
(Signed by) G. Watson Gray, James Smith, C. Durham Garbutt. 

M’CarRDELL, RoBpert Oswaxp, 11, Gladstone Road, Urmston, Manchester. 
British, Analytical and Works Chemist. 3 years Salford Technical Insti- 
tute as a chemical student, instructor in gas defensive measures 1915 to 
1918. Chemist at Messrs. Levensteins prior to the war. At present engaged 
in soap manufacture and patent scouring agents, also investigating various 
chemical matters in connection with laundry work, and desirous of keeping in 
touch with up-to-date chemical literature. (Signed by) Ernest Clark, B. 
Prentice, G. James. 

Matwin, Victor, 12, Grove St., Broughton Lane, Manchester. British. 
Textile Chemist. M.Se.Tech. (Manchester). Full technological certificate 
in City and Guilds in Textile Printing. Final certificate in Cotton Dyeing. 
Twelve months’ research at Manchester College of Technology, joint author 
with Julius Huebner, M.Sc.Tech., F.I.C., F.C.S., of paper on “‘ The Action of 
Metallic Salts, Soap, and Starch on the Tensile and Ripping Strain ”’ (Trans- 
actions of the Society of Chemical Industry, Feb. 23, 1923). (Signed by) 
J. Huebner, Frank Lee Pyman, Edmund Knecht. 

MEDSFORTH, SAMUEL, 46, Panmuir Road, W. Wimbledon, 8.W. 20. British. 
Research Chemist. M.Sc.Tech. (Manchester), A.I.C. Research student and 
demonstrator, College of Technology, Manchester. Part author of papers 
on “The Sulphonation of Oils,” J. 8. Dyers and Colourists, and “The Estim- 
ation of Acetic Anhydride.” Author of ‘The Promotion of Catalytic 


Reactions,” J.C.S. Research Chemist at the South Metropolitan Gas Co, 
(Signed by) E. V. Evans, Edith H. Pawsey, H. Hollings. 

MitrcHett, Doucitas STEWART, 33, Loraine Rd., Holloway, N. British, 
Pharmacist. I have passed the minor examination of the Pharmaceutical 
Society, and have studied at the Battersea Polytechnic (Chemistry and 
Pharmacy Dept.) and South Western Polytechnic. (Signed by) C. Morton, 
F. Arnall, J. B. Coleman. 

Moopy, HERBERT RaymonD, 63, Hamilton Terrace, New York City. Pro. 
fessor of Chemistry, Director of the Laboratories College of the City of New 
York. I have been a Professor of Chemistry for 31 years. I am a graduate 
of the Massachusetts Institute of Technology with the degree of 8.B. (1892), 
A graduate of Columbia University, A.M., 1900, Ph.D., 1901. I have written 
two text-books and published many papers as shown in any published list 
under my name. My teaching is wholly with advanced students in Chem, 
Engineering and Research. This department has 1500 students over whom 
I have entire jurisdiction with the aid of a staff of twenty-five. (Signed by) 
Marston T. Bogert, L. F. Goodwin, Harold J. Roast, W. R. Lang, J. L. 
McKee, Alfred E. Macintyre. 

NIELSEN, Haratp, 13, Firs Avenue, Muswell Hill, London, N. 10. Danish. 
Chemical engineer and gas consulting engineer (100, Victoria Street, London, 
S8.W.1.). Graduated at Copenhagen, 1910, designed and built gas and 
chemical plant, particularly nitrogen fixation plant, in this country and 
abroad. Am the author of many papers and articles on chemical engineering 
and carbonising matter: ‘‘The Ideal Absorption Tower in the Chem, 
Industry,” ‘‘ Standardisation of Chemical Stoneware,” paper before the 
Ceramic Society of Great Britain on Chemical Stoneware and Plant, etc.; 
am Ass.M.I.M.E. London and Member of Danish Societies, ete. (Signed by) 
F. Mollwo Perkin, Henry Edward Aykroyd, Harold G. Colman. 

NursE, FREDERICK ALpis, 30, Oakhill Road, Sutton, Surrey. British. 
Teacher. 2nd Class Honours B.Sc. (London University). Student in the 
Department of Chemistry at the Chelsea Polytechnic from Sept. 1918 to 
July 1922. (Signed by) J. B. Coleman, J. C. Crocker, E. H. Nurse. 

OuIveR, Cyrin VERNON, 10, Hayle Road, Maidstone, Kent. British. 
Research Student. B.Se., 2nd Class Honours in Chemistry, of London 
University. I desire to keep in touch with the modern progress of Chemistry, 
through the Society’s publications and meetings. (Signed by) J. Kenyon, 
J. L. White, Robert H. Pickard. 

PakRASI, Kati CHaran, Dakshineswar, Aridat P.O., Bengal. Bengali. 
Chem. Laby. Asstt., Govt. Test House, Alipore, Calcutta. Passed B.Sc. of 
the Calcutta University in 1915. (Signed by) R. N. Sen, N. Brodie, J. K. 
Adhya. 

PonDER, ARTHUR OsBORNE, Montreal P.Q., Canada. British. Assistant to 
Vice-President, Dominion Tar and Chemical Co., Ltd., Montreal, Canada. 
B.A. (New Zealand), B.A. (Oxon). Formerly Lecturer of Balliol College, 
Oxford. (Signed by) H. Hartley, C. N. Hinshelwood, H. R. Raikes, J. M. 
Mullaly. 

RANKIN, JOHN, Exeter College, Oxford. British (Scottish). Research 
Student in Organic Chemistry. B.Sc. (Applied Chem.), Glasgow. Diploma 
of the Royal Technical College, Glasgow. A.I.C. (Signed by) W. H. Perkin, 
N. V. Sidgwick, E. Hope, R. D. Haworth, H. R. Raikes. 

Scorr, Henry RatpH Cuampion, 5, Selwood Terrace, S. Kensington. 
British. Chemist and Druggist. Apprenticeship with Messrs. Hughes, of 
Bournemouth, 4 years. Assistant chemist with Messrs. Atkins of Bayswater, 
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2} years. Assistant chemist with M. H. N. Davidge, F.C.S., Ph.C., of Shaftes- 
bury Av., 4 years. Manager for M. Davidge, F.C.8., Ph.C., Central Pharmacy 
and Davidge Manufacturing, 4 years. Member of the Pharmaceutical Society 
of Gt. Britain. (Signed by) Frank Radcliffe, Samuel Gray Fenton, Leopold 
Louis Bacarese. 

SHREWSBURY, RICHARD ARNOLD, 2, Radnor Avenue, Harrow. English. 
Junior chemist to manufacturing firm. A.R.C.S., B.Sc. (Lond.). (Signed by) 
James C. Philip, H. F. Harwood, M. A. Whiteley. 

TROTMAN, EpwarpD RvssELtL, 3, Wellington Circus, Nottingham. English. 
Student. B.Sc. (Hons. in Chemistry). (Signed by) F. 8. Kipping, E. B. R. 
Prideaux, F. C. Laxton. 

VeItton, Louis, Brookside, Weston Rhyn, Salop. Swiss. Director and 
Works Manager, The Graesser Monsanto Chemical Works, Ltd., Ruabon, 
N. Wales. Diploma, Techn. Chem., Federal Polytechnic, Zurich. Ph.D. 
University, Zurich. Two years assistant to Prof. G. Lunge and R. Gnehm, 
Zurich. Formerly works manager and Vice-President, Monsanto Chemical 
Works, St. Louis, Mo., U.S.A. (Signed by) A. W. Titherley, Ernest J. 
Parry, Francis H. Carr. 

WicHTMAN, WILFRED ALAN, The University, Leeds. British. Demon- 
strator in Organic Chemistry in the University of Leeds. B.A. (Oxon.), 
First Class Hons., Chemistry. Position as above; also engaged in organic 
chemical research. (Signed by) J. B. Cohen, P. K. Dutt, 8. Ellingworth. 

Wixicox, Cyri Mason, 4, Worple Avenue, Wimbledon, 8.W.19. British. 
Student of Chemistry. B.A. (Cantab), B.Sc. (Lond.). Scholar of Magdalene 
College, Cambridge. Preparing for Part II. Natural Science Tripos. (Signed 
by) W. J. Pope, W. H. Mills, Eric K. Rideal. 

Witu1ams, Epwin, B.Sc. (Lond.), A.I.C., Arosfa, Risca, Mon. British. 
Director, The Risca Printing Works, Risca, Mon. B.Sc. London University. 
A.I.C. Now writing a book on “ Oil and the Oil Countries.” Two world 
tours visiting oilfields. Research Chemist to Messrs. Lewis & Tylor, Ltd., 
Cardiff, 1918-1923. (Signed by) G. R. Thompson, H. E. Cox, J. H. Canning. 

Wittson, Francis GEorGE, “ Langley,’ Westmount Road, Eltham, S.E.9. 
British. Research Chemist, Research Dept., Royal Arsenal, Woolwich. 
“Some Derivatives of Phorone,” J.C.S., 1913, p. 2238. “ Uber Keto-enol 
Tautomerie,” Berichte, 1914, pp. 832 and 837. ‘“‘ Die Uberfiihrung Aromatische 
Sulphosauren in Phenole,” Ber., 1914, p. 3160. Works chemist, etc., Ministry 
of Munitions, 1915-1918. Research chemist and works manager, Cooper 
Laboratory, Watford, 1919-1921. (Signed by) F. Fancis, J. W. McBain, 
M. Taylor, J. Reilly, R. C. Farmer. 

Wray, Grorce Henry, 198, Church Gate, Loughborough. British. 
Analytical Chemist. Chief chemist, Brush Electrical Engineering Co., for 
past seven years, previous to that, nine years as assistant. Fellow of the 
Royal Microscopical Society. (Signed by) A. Bramley, 8. F. Burford, C. W. 
Bailey. 


A certificate has been accepted by the Council for presentation 
to ballot under Bye-Law I (2) in favour of the following : 


Forp, FrepERIcK Wit11AM, The Institute Bactériothérapique, Carouge, 
Geneve. British. Bacteriologist (Chemical and Pathological). Associate 
of the Royal Sanitary Institute. Student Associate of The Pharmaceutical 
Society of Great Britain. (Signed by) Alfred Greeves, R. H. A. Plimmer. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


BLANCHARD, ARTHUR ALPHONZO, and PHELAN, JOSEPH W, 
Synthetic inorganic chemistry. 3rd edition. New York 1922. 
pp. xiv+322. ill. 15s. net. (Recd. 19/4/23.) 

From the London Publishers : Messrs. Chapman & Hall. 

Davison, ALBERT W., and Kiooster, Henry S. van. Labora- 
tory manual of physical chemistry. New York 1922. pp. viii+ 
182. ill. 10s. net. (Recd. 16/3/23.) 

From the London Publishers : Messrs. Chapman & Hall. 

ELLIs, CARLETON. Synthetic resins and their plastics. New 
York 1923. pp. 514. ill. $6 net. (Reed. 24/4/23.) 

From the Publishers : The Chemical Catalog Company, Inc. 

GREENE, JOHN ARTHUR, and PERKIN, FREDERICK MOLLWo. 
“‘ Patent,’ smokeless and semi-smokeless fuels. London [1922]. 
pp. xili+-116. ill. 3s. net. (Recd. 2/5/23.) From the Authors. 

Kamm, OLIVER. Qualitative organic analysis: an elementary 
course in the identification of organic compounds. New York 
1923. pp. vili+260. 12s. 6d. net. (Recd. 16/5/23.) 

From the London Publishers : Messrs. Chapman & Hall. 

KexkvuLe, Aucust. Lehrbuch der organischen Chemie oder der 
Chemie der Kohlenstoffverbindungen. Vols. I., II., and IIL, 
pt. 1. Erlangen 1861—67. From Professor F. R. Japp. 

Lewis, GiLtBeRt NEwtTon, and RANDALL, MERLE. Thermo- 
dynamics and the free energy of chemical substances. New York 
1923. pp. xxiv-+-654. ill. 25s. net. (Recd. 16/5/23.) 

From the London Publishers : McGraw-Hill Publishing Co. 


Il. By Purchase. 


AMERICAN PuysicaL Society. The physical review: a journal 
of experimental physics. 2nd series. Vol. XXI., etc. Lancaster, 
Pa., 1923+. (Reference.) 

Anp&s, Louis Ep@ar. Iron corrosion, anti-fouling and anti- 
corrosive paints. ‘Translated from the German by CHARLES SALTER. 
2nd English edition, revised and enlarged by HERBERT BrRTWHISTLE 
Stocks. London 1918. pp. xii+296. ill. 15s. net. (Reed. 
23/5/23.) 

BoreGMANN, Eveen. Anleitung zur chemischen Analyse des 
Weines. 3rd edition. By THEopoR WILHELM FRESENIUS and 
Leo Grinuut. Miinchen 1922. pp. xii+-184. ill. (Reed. 17/5/23.) 

BRYDEN, CHARLES L., and Dickry, GroRGE D. A text-book of 
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filtration: industrial filtration and the various types of filters 
used. Easton, Pa., 1923. pp. x+376. ill. 27s. 6d. net. (Recd. 
25/4/23.) 

Bunsury, Hueu Mis. The destructive distillation of wood. 
London 1923. pp. xx+320. ill. 35s. net. (Recd. 16/5/23.) 

JACKSON, Percy Greorce. Boiler feed water: a concise hand- 
book of water for boiler feeding purposes (its effects, treatment, 
and analysis). 2nd edition. London 1922. pp. xii+144. ill. 


. 5s. net. (Recd. 23/5/23.) 


Murray, BensamMiIn Linpiry. Standards and tests for reagent 
chemicals. New York 1920. pp. x+386. 18s. net. (Reed. 
16/5/23.) 

OstwaLD, Wo.Freana. An introduction to theoretical and 
applied colloid chemistry. “‘'The world of neglected dimensions.” 
2nd American edition. Translated from the 8th German edition 
by Martin Henry Fiscuer. New York 1922. pp. xiv+266. 
ill. 12s. 6d. net. (Recd. 23/5/23.) 


III. Pamphlets. 


Gapp, WitL1AM LAvuRENCE. The setting of Portland cement. 
(British Portland Cement Research Assoc. Pamphlet No. 1.) 
London 1922. pp. 35. 

GENERAL Etecrric Co., Lrp. Research laboratories. Wem- 
bley [1923]. pp. 22. ill. 

GOLDSMITH, JOHN Natsu, Lewis, SAMUEL JUDD, and TwyMaN, 
F. Optical methods in control and research laboratories. 2nd 
edition. Vol. I. London 1923. pp. iv + 56. ill. 

IMPERIAL MINERAL RESOURCES BurEAU. The Mineral Industry 
of the British Empire and Foreign Countries. War Period. 
Molybdenum (1913—1919). London 1923. pp. 87. 

Strontium Minerals (1913—1919.) London 1923. 
pp. 12. 

MarsH, JAMES ERNEST. Suggestions for the prevention of the 
decay of building stone. Oxford 1923. pp. 20. 

MIALL, STEPHEN. The problem of solution: a tavern talk 
between certain chymists and others. London 1923. pp. 33. 

Morr, James. Colour and chemical constitution. Part XV. 
A systematic study of fluorescein and resorcin-benzeine. Part 
XVI. Further miscellaneous observations. (From the Trans. 
Roy. Soc. S. Africa, 1922, 10.) 

Pusa, AGRICULTURAL ReEsEarca Institute. Indigo Publication 
No.9. The nature of the changes occurring during the extraction 
of indigo from the Java plant (Indigofera Arrecta). By WILLIAM 
ALFRED Davis. Calcutta 1921. pp. 76. 
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Pusa, AGRICULTURAL RESEARCH InstiITUTE. Indigo Publication 
No. 10. Note on the deterioration of indigo seed during storing. 
By Wit11amM Rinarose Getston ATKINS. Calcutta 1921. pp. 9, 

Indigo Publication No. 11. The nature of the change 
occurring in the indigo steeping vat. II. By Witt1am ALFrzp 
Davis. Calcutta 1922. pp. 81. 

RAKSHIT, JITENDRA Natu. Disappearance of volumes by dis. 
solution of substances in water. (From the Proc. Indian Asso, 
Cultivation Sci., 1917, 3.) 

Ramsay MemMoriat FucLowsuies Trust. Report and accounts 
for the year lst September 1921 to 3lst August 1922. pp. 10. 

ScIENTIFIC AND INDUSTRIAL ReEsEARCH, Department of. Man. 
chester Association of Engineers. Report of the Lathe Tools 
Research Committee. London 1922. pp. 90. ill. 

The cleaning and restoration of museum exhibits: second 
report upon investigations conducted at the British Museum, 
London 1923. pp. 11. ill. 

SIMONSEN, JoHN LionEL, and Rau, Mapyar Gopau. The con- 
stituents of some Indian essential oils. Parts I—VII. (From the 
Indian Forest Records, 1922, 9.) 

SmnnattT, Frank StuRDy, and McCunzocu, ANDREW. A con- 
tribution to the study of the stone dusting of mines. (Part II) 
(Lancs. & Cheshire Coal Research Assoc., Bulletin No. 11). 1922. 
pp. 27. ill. 

Soppy, FrepreRick. Cartesian economics: the bearing of 
physical science upon state stewardship. London 1922. pp. 32. 

Sourn Arrica, Union or. Department of Mines and Industries. 
Report of the Advisory Board of Industry and Science, October 
1920—December 1921. Pretoria 1922. pp. 31. 

StaFForD, H. N., and Warp, ARTHUR RoKEBY. Some data on 
the bio-aeration of sewage. (From the J. Roy. Army Med. Corps, 
1922, 39). 

TANKARD, ARNOLD Rowssy. The influence of science on human 
life : being the Presidential Address delivered to the Hull Chemical 
and Engineering Society. Hull 1922. pp. vi+ 10. 

Union INTERNATIONALE DE LA CHIMIE PURE ET APPLIQUEE. 
Premier rapport de la Commission Internationale des éléments 
chimiques. Tables internationales des isotopes et des éléments 
radioactifs. Paris 1923. pp. 12 + 2 tables. 

West, CLARENCE JAY, and GILMAN, HENRY. Organomagnesium 
compounds in synthetic chemistry: a bibliography of the Grignard 
reaction, 1900—1921. (Reprint and Circular Series of the National 
Research Council, No. 24.) Washington 1922. pp. 103. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, June 7th, 1923, at 8 p.m., 
Professor W. P. Wynne, D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, of : 


Elected Died 
Vaughan Berkeley Harley March 4th, 1897. May 21st, 1923. 
I IPMN cis incite nienesierrencurseonmenneoes April 21st, 1864. April 10th, 1923. 


Certificates were read for the first time in favour of : 


Edward Bertram Anderson, Millhayes, Hemyock, Devon. 

James Sinclair Standish Anderson, 15, Banbury Road, Oxford. 
Stanley Boulter, B.A., The Oval, Oadby, Leicester. 

Edward Sackett Dewing, Otley Rectory, nr. Ipswich. 

Albert Thomas Fuller, B.Sc., 54, Trent Road, Brixton, S.W. 2. 
Gustavus Charles Gidley, Brynmelyn College, Weston-super-Mare. 
Albert Green, B.Sc., The Edward Davies Chemical Laboratories, Aberystwyth. 
Digby Richard Lawson, M.A., Woodlea, Hartford, Cheshire. 
Sudhindranarayan Ray, M.Sc., 19/4, Madan Mitra Lane, Calcutta. 
Ermest Goulding Sharp, 52, Castle Street, Dover. 

William Pearson Tervet, Waverley, Compton Park Road, Plymouth. 
William Trick Thorne, 40, Canton Road, Shanghai. 


The following were formally admitted Fellows of the Chemical 
Society: E. A. Coppen, H. J. E. Dobson, G. W. Dorell, J. T. 
Holden, W. J. Osborn, S. W. Saunders, and C. C. Smith. 


The following papers were read : 


“Investigations on the dependence of rotatory power on chemical 
constitution. Part XX. The rational study of optical pro- 
perties. Refraction a constitutive property.” By H. Hunter. 

“Researches on indium. Part I. Diphenyl indium chloride and 
phenyl! indium oxide.” By A. E. Gopparp. 

“The properties of ammonium nitrate. Part VI. The reciprocal 
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salt pair, ammonium nitrate and potassium sulphate.” By 
EK. P. PERMAN and W. J. Howe Ls. 

‘* Ring-chain tautomerism. Part VI. The mechanism of the keto. 
cyclol change in the propane series.” By E. W. LANFEar 
and J. F. THorpe. 

“The reversibility of additive reactions. Part I. The aldol 
reaction.” By E. H. UsHERwoop. 

“Mechanism of the pinacone-pinacoline and Wagner—Meerwein 
transformations.” By C. K. INGoxp. 

“Researches on antimony. Part I. Tri-m-xylylstibene and its 
derivatives.” By A. E. GoppaRD. 


Lecture, Thursday, June 14th, 1923, at 8.30 p.m., Professor 
W. P. Wynne, D.Sc., F.R.S., President, in the Chair. 

Professor Charles Moureu, President, Société Chimique de 
France, delivered his Lecture entitled : “‘ Les Gaz Rares des Sources 
Thermales, des Grisous et Autres Gaz Naturels.”” A vote of thanks 
to the Lecturer, proposed by Professor H. E. Armstrong, and 
seconded by Sir William Pope, was carried with acclamation. 


Ordinary Scientific Meeting, Thursday, June 2Ist, 1923, at 
8 p.m., Professor W. P. Wynnz, D.Sc., F.R.S., President, in the 
Chair. 


It was announced : 
1. That the Council had sealed the following Address, which was 


presented on the occasion of the Pasteur Centenary Celebrations, 
May 24th to June Ist, 1923: 


“The President, Council, and general body of Fellows of 
the Chemical Society welcome the opportunity afforded by 
the celebrations of the 100th Anniversary of the birth of Louis 
Pasteur, of paying their homage to the memory of this great 
and illustrious scientist. 

“It is true that Pasteur played a réle in life of a far wider 
scope, both human and intellectual, than falls to the lot of | 
the majority of chemists; they remember, however, with 
pride that Pasteur was originally trained as a chemist, and 
that it was his peculiar combination of rare experimental 
skill and consummate deductive reasoning which marked him 
out as the founder of modern stereochemistry. His researches 
on the tartaric acids must always stand out as one of the most 
prominent milestones in the advance of the science of chemistry. 

“Tt was not till his appointment to Lille in 1854 that his 
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researches took up a new line leading to his fundamental 
discoveries in fermentation, to be rapidly followed by his 
investigations dealing with the diseases of silk worms, chicken 
cholera, anthrax, and finally the masterpiece of his scientific 
genius, namely, anti-rabies inoculation. 

“These discoveries opened out an entirely new realm, 
namely, that of micro-organisms, and consequently Pasteur is 
rightly regarded as the founder of the science of bacteriology. 

“Though one of the greatest of all experimental scientists, 
it was perhaps the humane side of Pasteur’s character which 
made him so generally beloved and reverenced. His great 
desire to advance knowledge for the benefit of humanity 
surely had a rich reward in that his labours have placed the 
study of infectious diseases on a truly scientific basis. 

“It was Lavoisier who said that the scientist, in the quiet 
of his laboratory and of his study, can also exercise patriotic 
functions: he can hope to diminish by his labours the many 
ills which afflict the human species, and to increase human 
pleasure and prosperity. And if he should only contribute, 
by the new methods which he may have shown, to the lengthen- 
ing of the mean age of man by a few years, or even by a few 
days, he also may aspire to the glorious title of benefactor of 
humanity. 

“Surely no more striking example of Lavoisier’s words 
could be found than was exemplified by the life and work of 
Louis Pasteur. 

“ Signed on behalf of the Council of 
The Chemical Society. 


W. P. Wynne, President. 
J. F. Toorpr, T'reasurer. 
JAMES C. PHILIP, | Mente 
LS, IRVINE Masson, /f aa ie 
ARTHUR W. CrossLEy, Foreign Secretary. 


“Sealed in Council this Twenty-first day of June, One 
thousand nine hundred and twenty-three.” 


2. That a communication had been received from the Committee 
of the Van’t Hoff Fund for the endowment of research in pure and 
applied chemistry. The amount from this fund available for 
distribution during 1924 is about 1400 Dutch florins. 

A Committee, consisting of Professor A. F. Holleman (President), 
Professor S. Hoogewerff, Professor A. Smits, and Mr. J. P. Wibaut 
(Secretary), has been appointed to award Grants. Applications 
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should be sent before November Ist, 1923, by registered post to: 
“Het bestuur der Koninklyke Akademie van Wetenschappen; 
bestemd voor de Commissie van het ‘ Van’t Hoff-fonds,’ Trippen. 
huis, Kloveniersburgwal, te Amsterdam.” Every applicant is 
requested to submit a detailed account of the manner in which 
he proposes to expend the grant and to state the reasons for which 
he makes his application. 

Papers embodying the results of the research may be published 
in any journal, but acknowledgment must be made of the source 
of the grant. Copies of papers containing the results of the research 
must be forwarded to the Committee. 

3. That the following letter signed by twenty Professors, 
Lecturers, and Assistants of the Oural University, Ekaterinbourg, 
had been received on the 6th June, 1923 : 


To the President and the Council of the Chemical Society. 

We undersigned, professors, lecturers and assistants of 
Oural University Ekaterinbourg,—chemists, physicians, metal- 
urgists and of other specialities, doing their work in connection 
with Department for Chemistry and Metallurgy, acknowledge 
hereby the obtaining of boots, clothing, etc., being a donation 
from the Chemical Society, as is stated in accompagning 
receipt. We send to the Chemical Society, and to all chemists 
of United Kingdom our best and kindest thanks for this good 
help in a very hard time for us and for our families. 

We accepted this donation gratefully as a sign of the 
humanity and a confirmation, once more, of the real inter- 
national character of science. 

We thank also very hearthly for an exemplare of the “ Journal 
of the Chemical Society,” 1914—1920; by this rich present 
we became again participated to the European science, and 
could follow the great achievements done by chemistry and 
physics in U.K, 

We are sorry, we can answer on your generous sympathy 
and help by sending only of 2 volumes of the “ Proceedings of 
Oural University ” years 1921—1923, in three exemplares, one 
of which we beg you to accept and to forward two others to 
Royal Society and to Library of the British Museum. The 
“ Proceedings ” content the papers of the various parts of 
science and have an index in french. 

The circumstances in our country are steadily improving 
and we hope the “ Proceedings” will be published more 
regularly in future. Very many of the researches done in 
1914—1923 still await their turn of the print. In the hope 
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it will be realised in next time more quickly, we allow us to 
propose an unequal change of our “ Proceedings ” for your 


‘“* Journal’ years 1921, 19 


22, 1923, as from 1924 we hope 


to be able to be regular subscriptors, for our own money. 
We thank also very much for your third donation—of £20 
which brought for 18 of us a “ red egg’ for Easter, as we say 


in Russia. 


Considering the continuous improving of the conditions we 
constate that the help by money or food parcels for the future 
time is becoming not exigent when not superflous. 

With best thanks and wishes, 
Yours gratefully and sincerely 


(Here follow 20 signatures), 


Mr. O. R. Howell was formally admitted a Fellow of the Chemical 


Society. 


Certificates were read for the first time in favour of : 


George Fearnby, 60, Duckworth Lane, Bradford. 

Albert Owen Jones, B.Se., 1, Dark Gate, Carmarthen. 
William Henry Sims, 2, Churchville, Radford, Nottingham. 
Frank William Witcombe, 85, Holland Road, Maidstone. 


The following Certificate has been authorised by the Council 
for presentation to Ballot under Bye-Law I (2) : 


Arthur Nicholas Kerry, Jose Cubas 4725, Buenos Aires, Argentine. 


Dr. R. C. Farmer and Mr. W. E. Garner were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


William Norman Allison, 
Vinayak Keshav Bhagwat, M.Sc. 
Alfred Bostock, B.Sc. 

John Cleminson, B.Sc. 
James Edward Corless. 
Perey Burgess Domone. 
Hans von Euler-Chelpin. 
Frederick William Ford. 
Frederick Beaumont Hirst. 
John Clarence Hogg, B.A. 
Eric Hurst, B.Sc. 

Gen-Itsu Kita. 

Shunzo Koizumi. 

Thomas Roger Lewis. 
Robert Oswald M’Cardell. 
Victor Malwin, M.Sc.Tech. 


Samuel Medsforth, M.Sc.Tech., A.I.C. 


Douglas Stewart Mitchell. 


Herbert Raymond Moody, A.M., 
Ph.D., 8.B. 

Harald Neilsen. 

Frederick Aldis Nurse, B.Sc. 

Cyril Vernon Oliver, B.Sc. 

Kali Charan Pakrasi, B.Sc. 

Arthur Osborne Ponder, B.A. 

John Rankin, B.Sc., A.C, 

Henry Ralph Champion Scott. 

Richard Arnold Shrewsbury, B.Sc., 
A.R.C.S8. 

Edward Russell Trotman, B.Sc. 

Louis Veillon, Ph.D. 

Wilfred Alan Wightman, B.A. 

Cyril Mason Willcox, B.A., B.Sc. 

Edwin Williams, B.Sc., A.L.C. 

Francis George Willson. 

George Henry Wray. 
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The following papers were read : 

“The constitution of the higher oxide of nickel.” By O. R. 
Howe Lt. 

“The relationship of the tautomeric hydrogen theory to the theory 
of induced alternate polarities.” By F. Attsop and J. KENNnrr, 

“Electron valency theories and stereochemistry.” By 8. Suepen, 

“The relative influences of water vapour and hydrogen upon the 
combustion of carbon monoxide-air mixtures at high pressures.” 
By W. A. Bonz, D. M. Newirt, and D. T. A. TOWNEND. 

“* Metallic hydroxy-acid complexes. Part I. Cuprilactates.” By 
I. W. Wark. 

“ Metallic hydroxy-acid complexes. Part II. Cuprimalates, their 
formation, properties, and composition.” By I. W. WaRK. 

“ Ring-chain tautomerism. Part VII. The mutarotation of the 
sugars.” By J. W. Baxer, C. K. InGoup, and J. F. THorpt. 


LIST OF FELLOWS, 1923. 


The List of Fellows for 1923 is being prepared, and changes of 
address received after July 3lst, 1923, cannot be included therein. 
Fellows whose Christian names and degrees do not appear in full 
are particularly requested to notify the Assistant Secretary. 

The List will be sent to those Fellows only who make application 
prior to August 31st, 1923. 


REPORT OF THE INTERNATIONAL COMMITTEE 
ON CHEMICAL ELEMENTS. 


Copies of this Report, which embodies a Table of Isotopes and 
a Table of the Radioactive Elements and their Constants, will be 
supplied to those Fellows only who make application to the Assistant 
Secretary before August 31st, 1923. 


VACATION ARRANGEMENTS. 


The Rooms of the Society will be closed for redecoration through- 
out the month of August, during which period the annual revision 
of the Library will take place. 

Fellows are particularly requested to return all Library Books 
in their possession not later than Tuesday, July 31st. 

During the two weeks September 3rd to 15th the Library will 
close daily at 5 p.m. 
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List of papers received between May 18th, 1923, and June 21st, 
1923 : * 


“The determination of the degree of hydration of salts by a radio- 
active method.” By H. Trerrey and V. G. Joy. 

“Constitutional studies in the monocarboxylic acids derived from 
sugars. Part I. Tetramethyl galactonolactone and the 
structure of galactose.” By J. PRYDE. 

“The coupling of diazonium compounds with monoalkylated acids 
of the malonic and cyanoacetic series and the action of alkyl 
nitrites on the esters of monoalkylated cyanoacetic acids.” 
By T. K. WALKER. 

“The constitution of sulphur salicylic acid and of related sub- 
stances.” By A. N. MELDRUM and M. 8. Sau. 

“The action of bromine on p-hydroxy- and p-methoxy-sulphonic 
acids.” By A. N. Metprvum and M. 8. SHau. 

“The formation of derivatives of tetrahydronaphthalene from 
y-pheny] fatty acids. Part III. The influence of substituents 
on ring closure.” By A. J. Arrwoop, A. STEVENSON, and 
J. F. THORPE. 

“Phenols in Ajowen oil.” By B. R. Sopti and P. Srneu. 

“The oxidation of sabinene with hydrogen peroxide.” By G. G. 
HENDERSON and A. ROBERTSON. 

“Sintering : its nature and cause.” By R. C. Smits. 

“Surface phenomena in sucrose solutions.” By R. R. BurTier. 

“Electro-deposition of chromium. Part I. Deposition from 
sulphate solution.” By A. N. CAMPBELL. 

“Studies in the anthracene series. Part V.” By E. pe B. Bar- 
NETT, J. W. Cook, and M. A. MaTtTHeEws. 

“Piperitone. Part V. The extraction of piperitone from essential 
oils and the racemisation of l-piperitone.”” By J. Reap and 
H. G. SMITH. 

“The refractive dispersion of isoeugenol.” By G. THompson. 

“Cryoscopic measurements with nitrobenzene.” By H. M. 
RoBerts and C. R. Bury. 

“The system ferric oxide—phosphoric acid—water; a new phos- 
phate.” By 8S. R. Carrer and N. H. HartsHorne. 

“ A note on the constitution of benzene. Part IJ.” By R. Frasmr. 

“The preparation of N-derivatives in the carbazole series.” By 
T. S. Srevens and 8. H. Tucker. 

“Catalysis. Part XXIII. Temperature coefficients of some 

reactions in tropical sunlight.” By N. Duar. 


* This list does not include the titles of papers which have already been 
recorded as read at a Scientific Meeting. 
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“Note on the action of methyl sulphate on diphenylamine.” By 
C. 8. Gipson and D. C. VINING. 

“The absorption spectra of the vapours of various quinones,” 
By J. E. Purvis. 

“The conversion of sabinol into thujene.” By G. G. HENDERSsoN 
and A. ROBERTSON. 

“Studies on the dolomite system. Part II. An investigation 
of the conditions of formation of dolomite.” By A. E, 
MITCHELL. 

“The low-temperature activation of hydrogen.” By A. E. 
MITCHELL and A. L. MARSHALL. 

“The isomerism of the oximes. Part XII. Hydrochlorides.” 
By O. L. Brapy and F. P. Dunn. 

“ Photocatalysis. Part IV. The photochemical production of 
formaldehyde from carbonic acid.” By E. C. C. Baty, I. M. 
HEILBRON, and W. F. BARKER. 

“Complex formation in lead nitrate solutions. Part I. The 
ternary systems lead nitrate-sodium nitrate—water, and lead 
nitrate—potassium nitrate—water.” By S. GLAssTONE and 
H. N. SAUNDERS. 

* Electrolytic generator for pure hydrogen.” By Viscount 
ELVEDEN and E. SINKINSON. 

“The increased solubility of phenolic bodies in water on addition 
of a third substance.” By C. R. Battery. 

‘“‘ Cryptoisomerism in the stilbene series.” By N. M. CULLINANE. 

“The odorous and bitter constituents of neem oil.” By E. R. 
Watson, N. G. CHATTERJEE, and K. C. MUKERJEE. 

“'Triazole compounds. Part I. Some substituted hydroxy-benzo- 
triazoles and their methylation products.” By O. L. Brapy 
and J. N. E. Day. 

“ The estimation of alkalis in rocks by the indirect method.” By 
F. WALKER. 

“The isomeric /-menthy! phenylchloroacetates.”” By A. McKENzIE 
and I. A. SMiru. 

“The quinhydrone-electrode as an electrode of comparison.” By 
S. VEILIEL. 

** New halogen derivatives of camphor. Part III. «’8- and «’x-Di- 
bromocamphor.” By H. Buregzss and T. M. Lowry. 

“The dissociation of complex cyanides.” By G. J. Burrows. 

‘* Resolution of the «5-dihydroxy-«-methyl-6-isopropyladipic acids.” 
By T. A. Henry and H. Pager. 

“The bromination of compounds containing the carbonyl group. 
Part I. The bromination of pyruvic acid.” By C. F. 
WARD. 


85 


“The bromination of compounds containing the carbonyl grouping. 
Part II. _The bromination of acetophenone.” By C.F. Warp. 

“The bromination of aliphatic acids.” By B. D. SHaw. 

“ The action of chlorine on amines. PartI. The action of chlorine 
on aniline.” By W. M. Cummine and D. G. Brown. 

“The reduction of nitronaphthalenes. Part I. The reduction of 
«-nitronaphthalene.” By W. M. Cummine and J. K. Sregt. 

“The hydroferrocyanides and hydroferricyanides of the organic 
bases. Part II.” By W. M. Cumine. 

“ Reduction products of the hydroxyanthraquinones. Part II.” 
By J. Haut and A. G. PERKIN. 

“The hydrates of potassium and lithium platinocyanides and the 
system potassium platinocyanide—lithium platinocyanide— 
water.” By H. Terrey and V. G. JoLiy. 

“The structure of the benzene nucleus. Part III. Synthetic 
formation of a bridged phase of the naphthalene nucleus. The 
constitution of naphthalene and anthracene.” By W. A. P. 
CHALLENOR and C. K. INGoxp. 

“The structure of the benzene nucleus. Part IV. The reactivity 
of bridged linkings.” By C. K. INGoxp. 

“The action of silica on electrolytes.”” By A. F. JosEPH and 
J. S. Hancock. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


CavEN, RoBert MartTIN. Quantitative chemical analysis and 
inorganic preparations. Part I. London 1923. pp. viii + 156. 
ill. 3s. 6d. net. (Recd. 4/6/23.) 

From the Publishers: Messrs. Blackie & Son. 

Moorz, Harry. A textbook of intermediate physics. London 
[1923]. pp. x + 824. ill. 228. 6d. net. (Recd. 5/6/23.) 

From the Publishers: Messrs. Methuen & Co. 

Rivett, ALBERT CHERBURY Davip. The phase rule and the 
study of heterogeneous equilibria : an introductory study. Oxford 
1923. pp. 204. ill. 10s. 6d. net. (Recd. 17/5/23.) 

From the Delegates of the Clarendon Press. 

Scuwarz, Rozpert. The chemistry of the inorganic complex 
compounds: an introduction to Werner’s co-ordination theory. 
Authorized translation by LawRENcE W. Bass. New York 1923. 
pp. x+82. ill. 8s. 6d. net. (Recd. 16/5/23.) 

From the London Publishers : Messrs. Chapman & Hall. 


86 


Sornet, Renf. La technique industrielle des parfums syn- 
thétiques. Paris 1923. pp. xii+136. 10fr.net. (Recd. 23/5/23.) 
From the Publishers : MM. Gauthier- Villars et Cie. 

Werner, Emu AtpHonse. The chemistry of urea: the theory 
of its constitution, and of the origin and mode of its formation in 
living organisms. London 1923. pp. xii + 212. 14s.net. (Recd. 
9/6/23.) From the Publishers : Messrs. Longmans, Green “% Co, 
Worsnop, B. L., and Fiint, H. T. Advanced practical physics 
for students. London [1923]. pp. viiit640. ill. 2l1s. net. 
(Recd. 23/4/23.) From the Publishers : Messrs. Methuen & Co. 


Il. By Purchase. 


Bucuner, Grorc. Das Atzen der Metalle und das Farben der 
Metalle : Lehrbuch der Oberflaichenbehandlung der Metalle und 
Legierungen. 3rd edition. Berlin 1922. pp. xvi-+ 207. ill. 
(Recd. 1/6/23.) 

Gray, Francis Witu1amM. The chemistry tangle unravelled: 
being chemistry systematised on a new plan based on the works of 
Abegg, Kossel, and Langmuir. London 1923. pp. x + 148. ill. 
6s. net. (Recd. 6/6/23.) 

Lams, Morris CHARLES. The manufacture of chrome leather. 
London 1923. pp. [vi] + 420. ill. 26s. net. (Reed. 26/5/23.) 

PERRIN, JEAN. Atoms. 2nd English edition, translated by 
DauzieL LLEWELLYN Hammick. London 1923. pp. xvi+232. 
ill. 8s. 6d. net. (Recd. 23/5/23.) 

Pitz, SrymMour, and JoHNSTON, Reeinatp G. A tested method 
of laboratory organisation. London 1923. pp. xx+98. ill. 
7s. 6d. net. (Recd. 23/5/23.) 

PrpeR, CHARLES V., and Morsz, WitutiamM J. The soybean. 
New York 1923. pp. xvi+330. ill. 20s. net. (Recd. 16/5/23.) 

SaDTLER, SAMUEL Puitip, and Matos, Louis J. Industrial 
organic chemistry. 5th edition. Philadelphia [1923]. pp. xvi, 
13—692. ill. 35s. net. (Recd. 16/5/23.) 

Scuuttz, Gustav. Farbstofftabellen. 6th edition. Vol. I. 
Berlin 1923. pp. xxii+388. (Reference.) 

Sriztman, ALBERT L. Briquetting. Easton, Pa., 1923. pp. 
xii+466. ill. 33s. 6d. net. (Recd. 17/4/23.) 

Truscort, SAMUEL JOHN. A text-book of ore dressing. London 
1923. pp. xii+680. ill. 40s. net. (Recd. 16/5/23.) 

Wittows, Ricnarp SmirH, and HatscHeK, Emin. Surface 
tension and surface energy and their influence on chemical pheno- 
mena. 8rd edition. London 1923. pp. viii+136. ill. 6s. 6d. 
net. (Recd. 16/5/23.) 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, October 4th, 1923, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, of : 


Elected. Died. 

§ John Bingley Dec. 15th, 1881. July 12th, 1923. 
George Herbert Leader June 18th, 1902. Mar. 17th, 1923. 
Herbert McLeod Feb. 6th, 1868. Oct. Ist, 1923. 
Edmund Knowles Muspratt Jan. 2lst, 1869. Sept. Ist, 1923. 
Walter Tong May 5th, 1904. April 13th, 1923. 
William George Twiney Feb. 21st, 1907. 1923. 
James Wilson April Ist, 1875. June 2lst, 1923. 


The following were formally admitted Fellows of the Chemical 
Society: W. B. Adam, R. F. Hunter, H. R. Procter, and A. M. 
Ward. 

Certificates were read for the first time in favour of : 


Gopaldas Dharmdas Advani, B.A., B.Sc., c/o 8. J. Co-operative Society, 
Hyderabad, Sind, India. 

Yasuhiko Asahina, Dr.Pharm., Pharmaceutical Institute, The University, 
Tokyo, Japan. 

Emest Edgar Aynsley, B.Sc., School House, Westmoor, Forest Hall, Newcastle- 
on-Tyne. 

Francis Harrold Banfield, B.Sc., 40, Maryland Road, Wood Green, N. 22. 

Charles Bateman, 77, Penhevad Street, Grangetown, Cardiff. 

John Thomas Burdekin, B.Sc., 27, Crimicar Lane, Fulwood, Sheffield. 

John Herbert Bushill, M.Sc., Ingleside, Arthur Road, Erdington, Birmingham. 

Atmaram Chakravarti, B.Sc., 29, Ward Institution Street, Calcutta. 

Har Sahai Chaturvedi, B.Sc., Colonel Ganj, Cawnpore. 

Alfred Chick, 69, Fountain Road, Edgbaston, Birmingham. 

Ginori Conti, 58, Via della Scala, Florence, Italy. 

Moritz Adolf Dittmar, B.S., Ph.D., 774, Bergenline Avenue, W. New York, U.S.A. 

George Thomas Randles Francis, 3, Tregarvon Road, Clapham Common, 

8.W. 11. 
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; 
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William Hans Gesell, 235, Christopher Street, Montclair, N.J., U.S.A. 

Stanley Evans Francis Gooding, B.A., 5, St. Andrews Hill, Cambridge. 

Frank Charles Happold, B.Sc., Ostley House, Barrow. 

Francis Wood Hardy, B.Sc., Leefield House, Allerton, Bradford. 

John Reader Hosking, Sefton St. Wadestown, Wellington, New Zealand. 

Julian Michael Samuel Jacobs, B.Sc., 125, Goldhurst Terrace, N.W. 6. 

Bennett Alexander Jacobson, 92, Jules Street, Johannesburg, S. Africa. 

James Sowden Jennings, B.Sc., Worcester Villas, Godolphin Road, Helston. 

William Ross Kane, B.Sc., 77, Glebe Road, Sheffield. 

William Clifford Lewis, B.Sc., A.I.C., Inversnaid, Shoreham-by-Sea. 

William Maw, B.Sc., 82, Holly Avenue, Newcastle-on-Tyne. 

Pasupu Krishnaswami Rajamanikkam Naidu, 52, Pedariar Koil Street, 
Madras. 

Charles Dudley Ryder, c/o Messrs. Lockwood, Magrath, Ltd., 163, Kent 
Street, Sydney, N.S.W. 

Junzo Shinoda, Chemical Department, The University, Manchester. 

Kishen Singh, B.Sc., College of Technology, Manchester. 

James Muir Smith, B.Sc., 8, Hepscott Terrace, South Shields. 

John George Sutherland, B.Sc., Boksburg, Transvaal, 8. Africa. 

Shéichi Terada, 20, Wakamiya Cho, Ushigome, Tokyo, Japan. 

Arthur James Edward Thornton, 38, Battersea Park Road, S.W. 11. 

Margaret Grosvenor Tomkinson, D.-és-Se., B.A., Chilton, Cleobury Mortimer. 

Leslie Ernest Wakeford, 14, Woolstone Road, Catford, S.E. 6. 

Isaac Ephraim Weber, B.Sc., 12, Claremont Road, Luton. 

Donald Whitley Woodhead, B.Sc., 248, Claremont Road, Moss Side, 
Manchester. 


The following papers were read : 


“ The direct union of oxygen and sulphur.” By R. G. W. Nornriss 
and E. K. RipEAt. 

** Note on aqueous formaldehyde solution.” By W. R. Ormanpy 
and E. C. CRAVEN. 

“The interaction of potassium tetroxide with ice and with dilute 
sulphuric acid.” By H. Hawrey and H. J. S. Sanp. 

“ Ring-chain tautomerism. Part IX. The effect of the cyclo. 
hexane nucleus on the carbon tetrahedral angle.”’ By E. W. 
LANFEAR and J. F. THORPE. 

“The formation of stable B-lactones.” By L. Bars and J. F. 
THORPE. 


Ordinary Scientific Meeting, Thursday, October 18th, 1923, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 

The PRESIDENT referred to the loss sustained by the Society 
through death of : 


Elected. Died. 
Jom Allon Harker ........sserccosssese Dec. 7th, 1916. Oct. 10th, 1923. 
William Brewin Shuttlewood......... April 17th, 1890. Oct. 7th, 1923. 


WENGE TAGENBOD ..ccccccsecsssesseceese Jan. Ist, 1872. Oct. 4th, 1923. 
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It was announced that arrangements had been made whereby 
the publication of abstracts of papers in the domain of both pure 
and applied chemistry will be directed as from January next by a 
Bureau consisting of representatives of the Chemical Society and 
the Society of Chemical Industry, the members nominated by the 
former being Dr. Irvine Masson, Professor G. T. Morgan, Professor 
J. F. Thorpe, Professor W. P. Wynne. The Bureau will co-opt a 
ninth member as Chairman, and will proceed immediately to 
examine the position with a view to assimilating the abstracts 
prepared by the two societies into a single publication. In the 
meantime, however,—certainly until the end of next year—no 
change in the present format or method of preparing the abstracts 
was contemplated, apart from that announced at the last meeting. 

The following were formally admitted Fellows of the Chemical 
Society : R. G. W. Norrish and R. A. Shrewsbury. 

Certificates were read for the first time in favour of : 
Geoffrey Gordon Barker, B.Sc., 10, Wellington Terrace, Sutton Coldfield. 
Louis Leighton Bircumshaw, B.A., M.Sc., 68, Southdown Road, West 

Wimbledon, 8.W. 20. 

Samuel Coffey, M.Sc., Ph.D., A.I.C., 6, St. Paul’s Avenue, N.W. 2. 
James Joseph Doolan, B.Sc., A.I.C., 46, Michael Street, Waterford. 
Phani Bhusan Ganguly, M.Sc., 54, Amhurst Park, N. 16. 
Frank Leslie Garton, B.A., A.I.C., 14, Craven Avenue, Ealing, W. 5. 
Dwarkanath V. Gogte, B.Sc., Khamgaon, C.P., India. 
Alfred Thomas Healey, 79, Pope’s Avenue, Twickenham. 
Cecil John May, 19, Tyndale Place, Islington, N. 1. 
Henry Compton Mills, B.A., B.Sc., 25, Cape Road, Warwick. 
Donald Powell, 73, Sedgeford Road, Shepherd’s Bush, W. 12. 
James Rushworth, 11, Smithy Carr Lane, Brighouse. 
Colin Kenneth Taylor, B.A., 21, Cromwell Road, 8. Kensington, 8.W. 7. 
Percival Elisha Turner, B.Sc., A.I.C., Bath Road, Beenham, Reading. 
Oswald James Walker, B.Sc., 24, Buccleuch Place, Edinburgh. 


The following Certificate has been authorised by the Council for 
presentation to ballot under Bye-Law I (2) : 


Robert Lissenborough, Sugar Works, Cawnpore. 


The following papers were read : 


“The chemistry of the glutaconic acids. Part XV. Three-carbon 
tautomerism in the cyclopropane series. Part II.” By F. R. 
Goss, G. K. InGotp, and J. F. THorpr. 

“Studies of electrovalency. Part III. The catalytic activation 
of molecules and the reaction of ethylene and bromine.” By 
R. G. W. Norrisu. 

“The preparation and properties of selenium trioxide and chloro- 
selenic acid.” By R. R. te G. WorsLry and H. B. Baxer. 
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“The chemistry of polycyclic structures in relation to their homo. 
cyclic unsaturated isomerides. Part V. Orientation in the 
gem-dimethyldicyclopentene series.” By R. C. GRimwoon, 
C. K. INGoup, and J. F. THorRpE. 


NOTICES. 


The attention of Fellows is drawn to the following important 
notices : 

1. The Van der Waals Memorial Lecture will be delivered by 
Dr. J. H. Jeans, M.A., Sec.R.S., at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W.1., on Thursday, 


November 8th, 1923, at 8 p.m. 
2. A meeting of the Research Fund Committee will be held in 


December next. Applications for Grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Saturday, December Ist, 1923. 

All persons who received Grants in December, 1922, or December 
of any previous year, whose accounts have not been closed by the 
Council, are reminded that reports must be returned by December § 
Ist. 

3. The post-card issued with the circular letter re Publications 
for 1924 on July 30th should be filled in and returned without 
delay. 

4. All papers submitted to the Chemical Society must now be 
accompanied by a short précis—not exceeding in general 300 words 
—setting out the broad results of the investigations. This précis 
will be utilised in the preparation of (1) the report of any meeting 
at which the paper is read, and (2) an official abstract which is to 
appear in the volume of Abstracts subsequent to the publication 
of the paper in the Journal of the Society. 

5. The Journal of Physical Chemistry will be issued monthly 
from January, 1924, onwards, under the joint auspices of the 
American Chemical Society, the Chemical Society, and the Faraday 
Society. The price will be $10 to the public and $8, post free, 
to any member of the three Societies who subscribes direct. Any 
Fellow desiring to become a subscriber for 1924 should forward 
his application, together with a remittance for $8, to the Journal of 
Physical Chemistry, Ithaca, N.Y., U.S.A., before December Ist, 1923. 


List of papers received between June 22nd and October 18th, 
1923: (This list does not include the titles of papers which have 
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been read at a Scientific Meeting, or which have appeared in the 

Transactions). 

“Metallic hydroxy-acid complexes. Part III. The constitution 
of cuprimalates and analogous compounds.” By I. W. WaRK. 

“The catalytic decomposition of hydrogen peroxide solution by 
carbons prepared from carbohydrates.” By J. B. Fiera and 
F. 8. Watson. 

“Use of zinc amalgam in the evolution method for determination 
of sulphur in iron and steel.” By T. Asurpa. 

“ The oxidising properties of sulphur dioxide. Part V. Theoretical.” 
By W. Warp.aw and N. D. SYLVESTER. 

“Action of hydrazine hydrate on phenanthraquinone.” By S&S. 
Dutt and N. K. Sen. 

“Dyes derived from thiodiphenylamine. Part II.” By B. K. 
Sen and S. Durr. 

“The adiabatic cooling of water and the temperature of its maximum 
density as a function of pressure.” By N. A. PusHin and E. V. 
GREBENSHCHIKOV. 

“Cholesterol and its réle in the organism.” By S. Mrvovict. 

| “Ring-chain tautomerism. Part VIII. The «§§-trisubstituted 
glutaric acid type.” By K. C. Panpya and J. F. THorps. 

“Inorganic complex salts. Part III. Racemisation and the 
stability of complex ions.” By W. Tuomas and R. FRaszEr. 

“A revision of the dissociation constant of weak inorganic acids. 
Part I. Boric acid.” By E.B.R. Pripeavx and A. T. Warp. 

“The bromine compounds of phenanthrene. Part II.” By 
H. HEensrocx. , 

“The action of ozonised oxygen on mercury.” By V.0.J. Hopason 
and H. B. BaKsr. 

“The accurate determination of boiling-point elevation.” By 
K. JABLOZYNSKI and S. Kon. 

“The sulphonation of p-substituted phenylcarbamides.” By 
J. R. Scorr. 

“Chloro-o-xylenols. Part I. (5-Chloro-o-3-xylenol).” By L. E. 
HINKEL. ‘ 

“Chloro-o-xylenols. Part II. (6-Chloro-o-3-xylenol).” By L. E. 
HINKEL and W. T. CoLLiys. 

“Chloro-o-xylenols. Part III. (5-Chloro-o-4-xylenol).” By L. E. 
HInKEL and E. E. Ayiine. 

“A revision of the dissociation constants of weak inorganic acids. 
Part II. Phosphoric acid.” By E. B. R. Pripravx and 
A. T. Warp. 

“Intermittent current electrolysis. Part II. Overvoltage study 
of the lead electrode.” By S. Guasstonz. 
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“The influence of catalysts on the production of potassium per. 
chlorate by the action of heat on potassium chlorate.” By 
W. Farmer and J. B. Firtu. 

“‘ The condensation of aromatic aminosulphonic acids with isocyanic 
acid, phenyl isocyanate, and cyanamide.” By J. R. Scom 
and J. B. CoHEN. 

‘“‘ Phenomenon of periodicity with reference to the heteromorphism 
of calcium carbonate. Preliminary note.” By M. Copisarov. 

“‘ The partial pressures of sulphuric acid over concentrated aqueous 
solutions of the acid at high temperatures.” By J. 8. THomas 
and A. G. Ramsay. 

“ Synthesis of substituted thianthrens. Part II.” By S. Krisuya. 

“ Quantitative measurements of the reactivity of the halogens in 
aromatic compounds.” By A. H. RHEINLANDER. 

“An examination of the variation in the degrees of hydrolytic 
dissociation of some oxime-hydrochlorides with dilution.” 
By L. B. Tansey. 

“ Synthesis of derivatives of phenothioxin.” By 8. KrisHna. 

“‘ »-Bromophenyltrimethylammonium perhalides.” By T. H. 
READE. 

** »-lodophenyltrimethylammonium perhalides.” By T. H. Reanz. 

“ Studies in nitrations. Part I. The mono-nitration of phenol.” 
By F. ARNALL. 

“Studies in nitrations. Part II. The estimation of the nitro. 
phenols. A new method of thermal analysis.” By F. ARNALL. 

“Studies in nitrations. Part III. The velocity of nitration of 
phenol.” By F. ARNALL. 

“ Studies in nitrations. Part IV. The quantitative preparation 
of some derivatives of the nitrophenols.” By F. ARNALL. 

“ Unsaturation in some anilide derivatives of citraconic and mesa- 
conic acids.” By W. A. JOINER. 

** Note on cadmium sulphide and the determination of cadmium.” 
By A. C. G. Ecrrton and F. V. RAueicu. 

“On the vapour pressure of cadmium and its alloys with zinc.” 
By A. C. G. Earrton and F. V. Raetcnu. 

“ Organic derivatives of silicon. Part XXIX. The preparation, 
properties, and condensation products of di-p-tolylsilicane- 
di-ol. By H. 8S. Proyx and F. 8. Krprre. 

**The reaction between p-dibromobenzene and magnesium.” By 
H. 8S. Prng. 

“‘ Note on the reduction of m-methoxybenzyl bromide by hydrogen 
iodide.” By J. B. SHoESMITH. 

“On a new type of reduction—-oxidation system. Part I. Cystein 
and glutathione.” By M. Drxon and J. H. QuasTEt. 
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“The properties of neighbouring hydroxy-groups attached to a 
benzene nucleus.” By R. L. ALIMCHANDANI. 

“The additive formation of four-membered rings. Part II. The 
conditions which confer stability on the dimethinediazidines.” 
By C. K. Incoxp and H. A. Piagort. 

“On the preparation of 2:3-, 2:5-, and 3: 4-dinitrotoluenes.” 
By H. J. Pacz and B. R. HEAsmMan. 

“On the nitration of p-dichlorobenzene.”’ By H. J. Pace and 
B. R. HEASMAN. 

“The melting-point (solidus) curve for mixtures of potassium 
nitrate and sodium nitrate.” By W. M. Manern and H. V. A. 
BRISCOE. 

“ The polymorphism of potassium dichromate.” By P. L. Roprnson 
and H. V. A. BRIscoE. 

“Colour and molecular geometry.” By J. Mor. 

“Sodium 6-chloro-5-nitro-m-toluenesulphonate—a new reagent for 
potassium.” By H. Daviss and W. Davizs. 

“A. new method for the resolution of asymmetric compounds. 
A reply.” By J. B. CoHEN. 

“ A condensation of aryldiazonium salts with monoalkylated malonic 
acids.” By T. K. WALKER. 

“The preparation of glycollic acid from formaldeleyde.” By D.L. 
HammMick and A. R. BoEREE. 

“Substitution in vicinal trisubstituted derivatives. Part II.” 
By W. Davies and L. RUBENSTEIN. 

“The sorption of iodine by carbons prepared from paraffin hydro- 
carbons, carbon dioxide, and from oxidation products of wood 
charcoal with fuming nitric acid.”” By J.B. Firtu and J. Hieson. 

“ Studies in organic polysulphides. Part I. The action of anhydrous 
potassium pentasulphide on some alkyl halides.” By R. W. 
Ripine and J. S. THomas. 

“The preparation and chlorination of «$-alkylacylcarbamides.” 
By E. RoBerts. 

“The cyanine dyes. Part VII. A new method of formation of 
the carbocyanines and the constitution of the thiotsocyanines 
and of kryptocyanine.” By W. H. Mus and W. T. K. 
BRAUNHOLTZ. 

“A quantitative investigation of the photochemical interaction of 
chlorine and hydrogen.”’ By M. C. C. CHapmMan. 

“The calculation of curves of mixed acids from the constants, and 
a universal buffer mixture.” By E. B. R. Pripeavx and A. T. 
WarD. 

“Note on the separation of octoic and decoic acids from cocoanut 
oil.” By E. E. WALKER. 
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“The dissociation of certain oxalato-salts.” By G. J. Burrows 
and G. WALKER. 

“The relation between viscosity and vapour pressure of liquids, 
Part I.” By R. K. Smarma. 

“Dyes derived from phenanthraquinone. Part IV. Anilino. 
flavindulines and phenanthraquinoneazo-dyes.” By A. 0. 
Srrcak and D. C. Roy. 

“‘ Experiments on the synthesis of the polyacetic acids of methane, 
Part VIII. An improved synthesis of methanetriacetic acid.” 
By M. H. Dretrvss and C. K. Ineo. 

“Use of the quinhydrone electrode for the estimation of amino- 
acids of acidic and basic functions.” By L. J. HaRRIs. 

“Some derivatives of the vinyldiacetonalkamines.” By F. §. 
Kipping. 

“A note on the action of hydrogen chloride on methyl alcohol.” 
By 8S. R. Carrser and J. A. V. BuTuEr. 

“The chemistry of Posidonia fibre. Part I.” By J. C. Ear. 

“The interaction of 8@’-dichloroethyl sulphide, sulphoxide, and 
sulphone with glycine ester and with potassium phthalimide.” 
By A. E. CasHmore and H. McComsrg. 

“The diazo-transformations of some aminocoumarins and amino- 
naphthapyzones.” By B. B. Dry and H. Daat. 

“Some bromonitrocoumarins and their reaction with alkalis.” By 
B. B. Dry and K. K. Row. 

“The action of sodium sulphite on coumarins.” By B. B. Dry 
and K. K. Row. 

“Note on Glasstone’s discussion of overvoltage-measurement.” 
By H. J. S. Sanp and E. J. WEEKs. 

“ Succinyl-fluorescein.” By S. Brees and F. G. Pore. 

“ »-Trichloro- and w-tribromoquinaldine and the preparation of 
quinaldinic acid.” By D. L. Hammack. 

“ The interaction of bromine with acetic anhydride.” By K. J. P. 
Orton, H. B. Watson, and J. E. Bay.iss. 

“The interaction of primary amines and 2-dithiobenzoyl.” By 
E. W. McCieiiand and J. LONGWELL. 

“‘ The influence of added substances on the reduction of iodic acid 
by sulphurous acid.” By F. W. SToy Le. 

“The relationship between colour and constitution in the nitro- 
benzaldehyde hydrazones.” By F. D. CHatraway and 
G. R. CLEmo. 

** Properties of mixtures of aniline, water, and some fatty acids.” 
By J. R. Pounp and R. S. RUSSELL. 

“‘ The freezing-point curves of binary mixtures of some substituted 
acetanilides.” By G. OWEN. 


bd 


“F 


rit 


“a 
ne 
e2 
ie 
“ 
“2 
“T 
wee 
*P 
“Si 
“D 
“D 
“9 
a 
“A 
77 
x 


95 


“The influence of anions on the coagulation of negatively 
charged suspensoids.” By J. N. Muxkuerszer and S. G. 
CHAUDHURI. 

“Electro-osmotic experiments on the reversal of the electrical 
charge of colloids and precipitates and the preparation of 
stable sols with a charge opposite in sign to that commonly 
obtained.” By J. N. MukHeERJzE and B. C. Roy. 

“Kinetics of the process of coagulation of colloids in the light 
of Smoluchowski’s theory.” By J. N. MukuervJzz and S$. K. 
MAJUMDAR. 

“The adsorption of acids by silica in its relation to the nature of 
soil-acidity.” By J. N. MukHERJEE and K. C. BHATTACHARYA. 

“The corrosion of iron in water and in neutral salt solutions.” 
By J. A. N. Frrenp. 

“The density and viscosity of acetone at low temperatures.” By 
E. H. ARCHIBALD and W. URE. 

“Piperitone. Part VI. The reduction of piperitone.” By R. S. 
Hueuespon, H. G. Smiru, and J. Reap. 

“The photochemical reactivity of ozone in presence of other gases. 
Part I.” By R. O. Grirrira and W. J. SHurr. 

“The photochemical reactivity of ozone in presence of other gases. 
Part II.” By R. O. Grirritx and J. MacW1i115. 

“The solubility of the phenylenediamines and of their monoacetyl 
derivatives.” By N. V. Srpawick and J. A. NEmL. 

“The solubility of the hydroxybenzaldehydes and the hydroxy- 
tolualdehydes.” By N. V. Sipewiok and E. N. ALLorr. 

“Products of the destructive distillation of anthraquinone-«- and 
-B-sodium-sulphonates.” By A. G. PERKIN and W. G. SEWELL. 

“Substituted phenyldichloroamines.” By K. J. P. Orton and 
J. E. Bayuiss. 

“Derivatives of (1) thionaphthacoumarin.” By S. Smmzs and 
L. R. Harr. 

“Derivatives of the four isomeric sulphonic acids of m-tolyl methyl 
ether.” By R. D. Haworrts and A. Lapwortu. 

“Optical activation of racemic acid by d-malic acid.” By A. 
MoKenziz, H. J. PLENDERLEITH, and N. WALKER. 

“The formation and stability of spiro-compounds. Part XI. 
Bridged spiro-compounds from cyclopentane.” By C. K. 
Incoxtp, E. W. Lanrear, and J. F. THoRPE. 

“A new absorption pipette for gas analysis.” By S. W. SaunpDERs. 

“The action of hydrogen sulphide on lithium ethoxide-lithium 
hydrosulphide.” By J. H. Jonzs and J. 8. THomas. 

“The condensation of aldehydes with cyanoacetamide.” By 
R. H. Curtis, J. N. E. Day, and L. G. Kivmins. 
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“The action of highly concentrated hydrochloric acid on cellulose 
and on some derivatives of glucose and of xylose.” By 
E. L. Hirst and D. R. Morrison. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 

Born, Max. The constitution of matter: modern atomic and 
electron theories. Translated from the 2nd German edition by 
ETHELBERT WiLLIAM BuiarR and THomAs SHERLOCK WHEELER. 
London [1923]. pp. viii+ 80. ill. 6s. net. (Recd. 13/6/23.) 

From the Publishers: Messrs. Methuen & (Co. 


CLARK, WitL1AM MansFIELD. The determination of hydrogen 
ions: an elementary treatise on the hydrogen electrode, indicator 
and supplementary methods with an indexed bibliography on 
applications. 2nd edition. Baltimore [1922, reprinted 1923.] 
pp. 480. ill. $5.50 net. (Recd. 1/9/23.) 

From the Publishers : Messrs. Williams & Wilkins Company. 

Datin, G. Chemische Technologie des Papiers. 2nd edition. 
Leipzig 1921. pp. iv +122. ill. (Recd. 1/9/23.) 

From the Publisher: Herr J. A. Barth. 

Damiens, AucustTiIn. Les isotopes. Paris 1923. pp. x + 118. 
ill. 12 fr. net. (Recd. 29/6/23.) 

From the Publishers : MM. Gauthier-Villars et Cie. 

DewacrE, Maurice. Essai de philosophie chimique. Paris 1923. 
pp. 170. 7.50 fr. (Recd. 26/9/23.) From the Author. 

Eastman Kopak Company. Abridged scientific publications 
from the Research Laboratory. Vols. JII, 1917—18, to V, 1921. 
Rochester, N.Y. 1919—1922. (Reference.) 

From the Eastman Kodak Company. 

Evans, Untick RicHarDsoN. Metals and metallic compounds. 
Vols. III and IV. London 1923. pp. xii + 270, xii + 350. ill. 
32s. net. (Recd. 27/6/23.) From the Author. 

Fagans, Kasture. Radioactivity and the latest developments in 
the study of the chemical elements. Translated from the 4th 
German edition by THomas SHERLOCK WHEELER and W. G. KInG. 
London [1923]. pp. xvi + 138. ill. 8s. 6d.net. (Recd. 26/9/23.) 

From the Publishers: Messrs. Methuen & Co. 

Fryptay, ALEXANDER. Practical physical chemistry. 4th 
edition. London 1923. pp. xvi +298. ill. 7s. 6d. net. (Reed. 
1/9/23.) | From the Publishers: Messrs. Longmans, Green & Co. 

GrRAETZ, LEo. Recent developments in atomic theory. Trans- 
lated by Guy Barr. London [1923]. pp. xii +174. ill. 9s. net. 
(Recd. 26/9/23.) | From the Publishers: Messrs. Methuen & Co. 
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Hamuin, Marston Lovett, and TurNneR, Francis Miizts. The 
chemical resistance of engineering materials. New York 1923. 
pp. 268. ill. $5 net. (Recd. 1/10/23.) 

From the Publishers : The Chemical Catalog Company, Inc. 

HarDEN, ArtTHuR. Alcoholic fermentation. 3rd_ edition. 
London 1923. pp. viii +194. ill. 6s. 6d. net. (Recd. 9/7/23.) 

From the Publishers : Messrs. Longmans, Green & Co. 

Hawwey, LEE FRED. Wood distillation. New York 1923. 
pp. 142. ill. $3.00 net. (Recd. 10/7/23.) 

From the Publishers : The Chemical Catalog Company, Inc. 

HEINTZ, WILHELM HeEtnricH. Lehrbuch der Zoochemie. Berlin 
1853. pp. xx +1108. ill. (Recd. 1/9/23.) 

From Professor R. T. Hewlett. 

Jones, HENRY BENCE. On animal chemistry in its application 
to stomach and renal diseases. London 1850. (Recd. 1/9/23.) 

From Professor R. T. Hewlett. 

JOYCE, JEREMIAH. Dialogues in chemistry, intended for the 
instruction and entertainment of young people: in which the first 
principles of that science are fully explained. To which are added 
questions and other exercises for the examination of pupils. A new 
edition corrected, with additions. 2 vols. London 1809. pp. 
[xii] + 288, [iv] + 300 + [xxi]. (Recd. 2/7/23.) From Dr. A. Scott. 

KEHRMANN, FRIEDRICH. Gesammelte Abhandlungen. Vol. II. 
Leipzig 1923. pp. viii + 599 + [17]. (Recd. 26/6/23.) 

From the Publisher : Herr Georg Thieme. 

LEHMANN, CARL GOTTHELF. Handbuch der physiologischen 
Chemie. Leipzig 1854. pp. viii + 334. (Recd. 1/9/23.) 

From Professor R. T. Hewlett. 

Lomonosow, MicHAarL WASSILJEWITSCH. Physico-chemical re- 
searches. Edited by Boris N. MeEnscuuTKin. Moscow 1923. 
pp. iv +120. ill. [In Russian.] (Recd. 25/9/23.) 

From Professor B. N. Menschutkin. 

LunGE, GEorGE. The manufacture of acids and alkalis. Com- 
pletely revised and rewritten under the editorship of ALEXANDER 
CHARLES Cummina. Vol. I. Raw materials for the manufacture 
of sulphuric acid and the manufacture of sulphur dioxide. By 
Witrri Wytp. London 1923. pp. xiv + 558. ill. (Reference.) 
36s. net. 

Vol. V. The manufacture of hydrochloric acid and 
saltcake. By ALEXANDER CHARLES CummiING. London 1923. 
pp. xvi + 424. ill. (Reference.) 31s. 6d. net. 

Vol. VI. The manufacture of nitric acid and nitrates. 
By Attin Corrrer. London 1923. pp. xvi + 454. ill. (Refer- 
ence.) 36s. net. From the Publishers: Messrs. Gurney & 


Jackson. 
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MAHARAJAH’S COLLEGE, VIZIANAGRAM. Science Association, 
Proceedings, 1922. Vizianagram 1922. From the Association. 
MENSCHUTKEIN, NIcOLAI ALEXANDROVITSCH. Analytical 
chemistry. 12th edition. Petrograd 1923. pp. xvi + 440. ill. 
[In Russian.] (Recd. 25/9/23.) From Professor B. N. Menschutkin. 
Morrram, VERNON H. A manual of histology. London [1923]. 
pp. x + 294. ill. 14s. net. (Recd. 1/9/23.) 
From the Publishers: Messrs. Methuen & Co. 
Nietz, Apotex H. The theory of development. New York 
1922. pp. 190. ill. $2.50 net. (Recd. 14/7/23.) 
From the Eastman Kodak Company. 
OstwaLD, Wotreane. An introduction to theoretical and applied 
colloid chemistry. ‘‘ The world of neglected dimensions.” 2nd 
American edition, translated from the 8th German edition by 
Martyn Henry Fiscuer. New York 1922. pp. xiv + 266. 
ill. 12s. 6d. net. (Recd. 20/6/23.) 
From the London Publishers: Messrs. Chapman & Hall. 
Puysics in Inpustry. Lectures delivered before the Institute 
of Physics. Vol. I. By ArcurpaLD Barr, Sir James ALFRED 
Ewre, and Cuirrorp C. Patrerson. London [1923]. pp. 60. 
2s. 6d. net. (Recd. 9/7/23.) 
From the Publishers: Messrs. Henry Frowde and Hodder & Stoughton. 
PoucHEerR, Wi~tI1AM ARTHUR. Perfumes and cosmetics, with 
especial reference to synthetics. London 1923. pp. xii + 462. 
ill. 21s. net. (Recd. 20/6/23.) 
From the Publishers: Messrs. Chapman & Hall. 
PracticaAL STarIn Removine: specially for launderers. Notes 
on spotting for dry cleaners. Treatment of hospital linen. Stain 
removing during washing. Detailed description of chemicals [etc.]. 
Manchester [n.d.]. pp. 52 + chart. (Recd. 1/9/23.) 
From Mr. R. O. M’Cardell. 
ROME DE L’IsLE, JEAN Baptiste Louis pz. Cristallographie, ou 
description des formes propres & tous les corps du regne minéral, 
dans |’état de combinaison saline, pierreuse ou métallique. 2nd 
edition. 4 vols. Paris 1783. pp. xl + 624, iv + 660, iv + 612, 
xvi + 80 + 12 plates. ill. (Reference.) 
From Lady Phipson Beale. 
Royat CoLLEGE oF ScreNncE CueEmicaL Society. Journal. 
Vol. II: containing the papers read during the session 1922—1923. 
London 1923. From the Secretary. 
RumsBotD, W. G. Nickel ores. (Imperial Institute Monograph 
on Mineral Resources.) London 1923. pp. 82. ill. 5s. net. 
(Recd. 6/10/23.) From the Director. 
SABALITSCHKA, THEODOR. Anleitung zum chemischen Nachweis 
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der Gifte fiir Pharmazeuten, Chemiker und Mediziner. Berlin 
1923. pp. viii +124. ill. (Recd. 21/7/23.) 
From the Publishers : Herrn Urban & Schwarzenberg. 
SABATIER, Pau. Catalysis in organic chemistry. Translated 
by E. Emmet Rerp. London 1923. pp. xxiv + 406. 25s. net. 
(Recd. 2/7/23.) From the Publishers: The Library Press. 
SELLARS, JOHN CARRINGTON. Chemistianity (popular knowledge 
of chemistry), a poem; also an oratorical verse on each known 
chemical element in the universe. Birkenhead [1873]. pp. lxvi + 
228. (Recd. 16/6/23.) From Dr. E. E. Turner. 
ScIENTIFIC AND INDUSTRIAL RESEARCH, Department of. ‘“‘ Red 
Books” of the British Fire Prevention Committee. Tests with 
plain concrete slabs made with various aggregates. 11 vols. Tests 
with reinforced concrete slabs made with various aggregates and 
varied thicknesses of cover and protection to the reinforcement. 
20 vols. London 1920—21. 40s. net. From the Department. 
SHEPPARD, SAMUEL Epwarp. Gelatin in photography. Vol. I. 
New York 1923. pp. 264. ill. $2.50 net. (Recd. 14/7/23.) 
From the Eastman Kodak Company. 
Smmon, JOHANN Franz. Animal chemistry with reference to 
the physiology and pathology of man. Translated and edited by 
GrorcE E. Day. 2 vols. London 1845—46. pp. xx + 360 + 
40, xii + 560. ill. (Recd. 1/9/23.) From Professor R. T. Hewlett. 
Taytor, CLARA M. The discovery of the nature of the air, and 
of its changes during breathing. London 1923. pp.x + 84. ill. 
ls. 6d. net. (Recd. 1/9/23.) 
From the Publishers: Messrs. G. Bell & Sons. 
UnitepD States. Department of Agriculture. Office of Experi- 
ment Stations. Experiment Station Record. Four volumes and 
thirty-one parts needed to complete the series. 
From the Agricultural Library, University of Wisconsin. 
Weiss, H. Introduction a l'étude de la cémentation métallique. 
Paris 1923. pp. viii + 147. ill. (Reference.) From the Author. 
Witson, JoHN ArTHUR. The chemistry of leather manufacture. 
New York 1923. pp. 344. ill. $5-00 net. (Recd. 19/6/23.) 
From the Publishers : The Chemical Catalog Company, Inc. 


II. By Purchase. 


ABDERHALDEN, Emi. Lehrbuch der physiologischen Chemie. 
5th edition. Part I. Berlin 1923. pp. viii + 736. ill. (Reed. 
26/9/23.) 

Anpfs, Lovis Epear. The treatment of paper for special 
purposes. Translated from the German. 2nd English edition. 
London 1923. pp. xii + 204. ill. 8s. 6d. net. (Recd. 20/6/23.) 
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Bayuiss, Sr Wuiu11am Mappock. Interfacial forces and 
phenomena in physiology : being the Herter lectures in New York 
in March, 1922. London [1923]. pp. x +196. 7s. 6d. net. 
(Recd. 20/6/23.) 

BEHRENS, THEODOR HEINRICH, and KukEy, Prerer Dirk 
CornELIus. Organische mikrochemische Analyse. 2nd _ edition 
of “ Anleitung zur mikrochemischen Analyse der wichtigsten 
organischen Verbindungen,” parts 1, 3 and 4, by H. BEHRENS. 
Leipzig 1922. pp. viii + 455. ill. (Recd. 26/9/23.) 

BERNHARD-SMITH, ARTHUR. Poisonous plants of all countries. 
2nd edition. London 1923. pp. xii+ 112. ill. 6s. net. (Reed. 
20/6/23.) 

BRITISH PHARMACEUTICAL CoDEX, 1923 : an imperial dispensatory 
for the use of medical practitioners and pharmacists. New and 
revised edition. London 1923. pp. xx + 1670. 30s. net. (Recd. 
25/7/23.) 

COFFIGNIER, CHARLES. Varnishes: their chemistry and manu- 
facture. Translated from the French by ArtHurR H. J. KEAne. 
London 1923. pp. viii + 548. ill. 21s. net. (Recd. 20/6/23.) 

CooreR, GEORGE STANLEY. By-product coking. 2nd edition, 
enlarged and revised by ERNEST MEYER Myers. London 1923. 
pp. xvi + 192. ill. 12s. 6d. net. (Recd. 6/7/23.) 

DARMSTAEDTER, Ernst. Die Alchemie des Geber. Berlin 1922. 
pp. x + 202. ill. (Recd. 8/10/23.) 

Evuis, Evcene H. Motor fuels. New York 1923. pp. 682. 
ill. 35s. net. (Recd. 6/7/23.) 

Fiscuer, Emm. Untersuchungen tiber Aminosiuren, Polypep- 
tide und Proteine II (1907—1919). Edited by Max Brremann. 
Berlin 1923. pp. x + 922. (Recd. 26/9/23.) 

GUGGENHEIM, Markus. Die biogenen Amine und ihre Bedeutung 
fiir die Physiologie und Pathologie des pflanzlichen und tierischen 
Stoffwechsels. Berlin 1920. pp. viii + 376. (Recd. 26/9/23.) 

HEERMANN, Pav. Fiarberei- und _ textilchemische Unter- 
suchungen: Anleitung zur chemischen Untersuchung und Bewer- 
tung der Rohstoffe, Hilfsmittel und Erzeugnisse der Textilverede- 
lungs-Industrie. Combined 4th edition of “ Farbereichemische 
Untersuchungen ” and “ Koloristische und textilchemische Unter- 
suchungen.” Berlin 1923. pp. x +370. ill. (Recd. 1/9/23.) 

Low, Atpert H. Technical methods of ore analysis: for 
chemists and colleges. 9th edition. New York 1922. pp. lx + 
348. ill. 17s. 6d. net. (Recd. 20/6/23.) 

Lyon, T. Lytriteron, and Buckman, Harry O. The nature 
and properties of soils. New York 1922. pp. vi-+ 588. ill. 
15s. net. (Recd. 1/9/23.) 

McCuLtocu, ANDREW, and Smmpxin, NEVILLE. Low temper- 
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ature carbonisation of bituminous coal. London 1923. pp. xii + 
248. ill. 18s. net. (Recd. 6/7/23.) 

Meyer, Hans. Lehrbuch der organisch-chemischen Methodik. 
Vol. I. Analyse und _  Konstitutionsermittlung organischer 
Verbindungen. 4th edition. Berlin 1922. pp. xxxvi + 1192. 
ill. (Recd. 1/9/23.) 

MUtiteR, Rosert. Elektrochemie der nichtwissrigen Lésungen. 
(Sammlung, Vol. XXVII). Stuttgart 1923. (Reference.) 

Nernst, WALTER. Theoretical chemistry from the standpoint 
of Avogadro’s rule and thermodynamics. Revised in accordance 
with the 8th—10th German edition by L. W. Copp. London 1923. 
pp. xx + 922. ill. 28s. net. (Recd. 20/6/23.) 

PASCHEN, FRIEDRICH, and GéTzE, R. Seriengesetze der Linien- 
spektren. Berlin 1922. pp. iv + 154. (Recd: 26/9/23.) 

Poutsson, Epvarp. A text-book of pharmacology and thera- 
peutics. English edition, edited by Water Ernest Drxon. 
London 1923. pp. xii +520. ill. 25s. net. (Recd. 20/6/23.) 

Roscoz, THE Rieut Hon. Sir Henry ENFIELD, and ScHORLEM- 
MER, CARL. A treatise on chemistry. Vol. II. The metals. New 
edition, completely revised by B. Movat JonzEs and others. London 
1923. pp. xvi-+ 830, viii, 831—1566. ill. 50s. net. (Recd. 
1/9/23.) 

RosEnsBuscH, H. Elemente der Gesteinslehre. 4th edition. 
By A. Osann. Stuttgart 1922—1923. pp. x +779. ill. (Recd. 
1/9/23.) 

SOMMERFELD, ARNOLD. Atomic structure and spectral lines. 
Translated from the 3rd German edition by Henry L. Bross. 
London [1923]. pp. xiv + 626. ill. 32s. net. (Recd. 1/9/23.) 

TourLaIn, F. Analyse générale des eaux. Paris 1922. pp. 
viii + 244. ill. (Reed. 25/6/23.) 

Trinks, W. Industrial furnaces. Vol. I. New York 1923. 
pp. viii + 320. ill. 22s. 6d. net. (Recd. 20/6/23.) 

UBBELOHDE, LEO, and Goupscumipt, FRANz. Handbuch der 
Chemie und Technologie der Ole und Fette. Vol. II. Leipzig 
1920. pp. xii + 882. ill. (Recd. 6/9/23.) 

Wat, Epwarp Joun. Practical color photography. Boston, 
Mass. 1922. pp. viii + 248. ill. 12s. 6d. net. (Recd. 9/10/23.) 

Wess, Harry Wittiam. Absorption of nitrous gases. London 
1923. pp. viii + 372. ill. 25s. net. (Recd. 20/6/23.) 

WOLFFENSTEIN, RicHARD. Die Pflanzenalkaloide. 3rd edition. 
Berlin 1922. pp. viii + 506. (Recd. 1/9/23.) 


Il. Pamphlets. 


ALLEN, Evcenr Tuomas, and Zres, Emanurt Grorcre. A 
chemical study of the fumaroles of the Katmai region. (Contrib. 
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Tech. Papers, National Geogr. Soc., Washington. 1923. Katmai 
Ser. No.2. pp. 75—155). 

AUSTRALIA, COMMONWEALTH OF. Institute of Science and Industry, 
Bulletin No. 24. The production of liquid fuels from oil shale 
and coal in Australia. By R. E. Tawarrzs. Melbourne 1923, 
pp. 62. ill. 

Bulletin No. 25. The manufacture of pulp and paper 
from Australian woods. By L. R. Benzamin. Melbourne 1923, 
pp. xvi + 106. 

CLARK, WILLIAM MANSFIELD, and CoHEN, BARNETT. Studies 
on oxidation-reduction. II and III. (From the U.S. Public 
Health Reports, 1923, 38.) 

Corrry, Samurt. De constitutie van cantharidine. Leiden 
1923. pp. x + 50.+ [In English.] 

CoHEN, Barnett. Indicators for pH control of alum dosage, 
(From the U.S. Public Health Reports, 1923, 38.) 

CULLINANE, NicHOLAS MICHAEL, and JAMES, THOMAS CAMPBELL, 
The action of reducing agents on some polynitrodiphenylamines, 
(From Aberystwyth Studies, 1922, 4.) 

Davies, Ceci, WHITFIELD, and JAMES, THOMAS CAMPBELL, 
Some reactions of tetranitroaniline. (From Aberystwyth Studies, 
1922, 4.) 

DerxacreE, Maurice. L’enseignement de la chimie & |’ Université 
de Gand. [Gand 1923.] pp. 26. 

FREDERICK, RoBERT C. The chemical changes which occur in 
samples of excretally polluted water under certain specified con- 
ditions. (From the J. Hygiene, 1923, 21.) 

Howarp, ALBERT, SIMONSEN, JOHN LIONEL, and ANDERSON, 
L. A. P. A preliminary note on lathyrism. (From the Indian J. 
Med. Research, 1923, 10.) 

Howarp, Stantey HERBERT, ROBERTSON, WHEATLEY ALEX- 
ANDER, and SmMoNsEN, JoHN LionEL. Notes on the possibilities 
of camphor cultivation from Cinnamomum camphora in Northern 
India. (From the Indian Forest Records, 1923, 9.) ill. 

IMPERIAL MINERAL REsouRcES BurgEav. The Mineral Industry 
of the British Empire and Foreign Countries. (War Period.) 
Graphite (1913—1919.) London 1923. pp. 57. 

—— Gypsum (1913—1919). London 1923. pp. iv + 31. 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. 
Some aspects of the law of England affecting chemists. By Evan 
James MacGiitivray. London 1923. pp. 46. 

Lomax, J., and Lomax, J. R. Transparent preparations of coal 
for microscopical investigations. (Lancs. and Cheshire Coal Research 
Assoc. Bulletin No. 14.) London 1923. pp. 24. ill. 


PROCEEDINGS 


OF THER 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, November Ist, 1923, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Walter Stanley Haines Dec. 15th, 1892. Jan. 27th, 1923. 
John Edward Stead Nov. 16th, 1882. Oct. 31st, 1923. 


The following were formally admitted Fellows of the Chemical 


Society : R. Child, B. W. A. Crutchlow, J. N. Dean, C. M. Willcox. 
Certificates were read for the first time in favour of : 


Charles Rowan Barker, 78, Liverpool Street, Paddington, Sydney, N.S.W. 

The Rt. Hon. Viscount Exmouth, The Chemical Industry Club, 2, Whitehall 
Court, S.W. 1. 

Stanley Thomas Henderson, B.A., B.Sc., 50, Cambridge Avenue, N.W. 6. 

Thomas Hopkins, M.Sc., F.I.C., Glanwern, King George Avenue, Llanelly. 

Francis Lions, B.Sc., 17, Lincoln Grove, Chorlton-on-Medlock, Manchester. 

Henry Oates Richardson, Ashworth House, Ashworth Road, Dewsbury. 

Neil Gillies Ross, Caroni Estate, Caroni, Trinidad. 

Harold Roberts Stevens, B.A., 9, Panton Street, Cambridge. 

Russell Gibson Thin, B.Sc., A.I.C., 2, Chalmers Crescent, Edinburgh. 


The following papers were read : 


“The rapid admixture of hot combustible gases with air.” By 
F. M. Gray and W. E. GARNER. 

“The determination of surface tension from the maximum pressure 
in bubbles. Part II.” By 8S. SuapeEn. 

“The variation of surface tension with temperature and some 
related functions.” By S. SuGpEN. 

“Muconic and hydromuconic acids. Part III. Valency inter- 
change in the hydromuconic system.” By E. H. Farmer. 

“ Experiments on the synthesis of substances possessing the Laden- 
burg formula. Part I. Derivatives of cyclopropyleyclo- 
propane.” By E. H. Farmer. 
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Meeting held in the Lecture Hall of the Institution of Mechanical 
Engineers, on Thursday, November 8th, 1923, at 8 p.m., Professor 
W. P. Wynne, F.R.S., President, in the Chair. 

Dr. J. H. Jeans, Sec.R.S., delivered the Van der Waals Memorial 
Lecture. A vote of thanks to the Lecturer, proposed by Professor 
F. G. Donnan, and seconded by Dr. N. V. Sidgwick, was carried 
with acclamation, Dr. Jeans making acknowledgment. 


Ordinary Scientific Meeting, Thursday, November 15th, 1923, 
at 8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, on October 9th, 1923, of John While Alcock, who 
was elected a Fellow on June 16th, 1892. 

The PRESIDENT made the following announcements : 


1. Fellows are reminded that in accordance with the circulars 
issued in July and November, replies regarding the publications 
of the Society for 1924 should be sent in as soon as possible, and 
the attention of Fellows is directed to the following resolution of 
Council passed at its meeting on November 15th, 1923 : 

“That no publications of the Society other than the Journal 
be sent to those Fellows who have not made application by the 
3lst December, 1923, this period to be extended at the discretion 
of the Officers in the case of Fellows resident abroad.” 


2. The Bureau of Chemica] Abstracts, which, as Fellows are aware, 
has been formed on the basis of agreement between the Chemical 
Society and the Society of Chemical Industry, has now been com- 
pletely constituted as follows : 

Chairman: Professor J. C. Philip. 

Representatives of the Chemical Society: Dr. I. Masson, Professor 
G. T. Morgan, Professor J. F. Thorpe, and Professor W. P. Wynne. 

Representatives of the Society of Chemical Industry: Dr. E. F. 
Armstrong, Mr. Julian L. Baker, Mr, E. V. Evans, and Sir William 
J. Pope. 

The Committee has already met and is making arrangements 
for the issue of Abstracts for 1924 in two sections, (a) Pure Chemistry, 
and (b) Applied Chemistry. So far as 1924 is concerned, these 
sections will be practically of the same form as the Abstracts at 
present issued by the Chemical Society and the Society of Chemical 
Industry, respectively. 


Regir 
Willis 
( 
John 
Philij 
Paul 

Frede 
Jame 
Roge1 


As the result of negotiations between the Chemical Society and 
the Society of Chemical Industry, it has been agreed that Members 
of the Society of Chemical Industry may procure the Abstracts in 
pure chemistry for 1924 for the sum of £1 10s., and, further, that 
Fellows of the Chemical Society can obtain Chemistry and Industry 
for 1924 for the sum of £1 and the Abstracts in applied chemistry 
for 1924 for the sum of £1 10s., or, alternatively, both these pub- 
lications for 1924 for £2. 

Those Fellows of the Chemical Society desiring these publications 
of the Society of Chemical Industry must apply direct to the 
Society of Chemical Industry. 


3. In accordance with the Trust Deed governing the Harrison 
Memorial Fund, a Selection Committee consisting of the Presidents 
of The Chemical Society, The Institute of Chemistry, The Society 
of Chemical Industry, and The Pharmaceutical Society will meet 
shortly to consider the first award of the Harrison Memorial Prize. 

The Prize, of the value of about £150, is to be awarded to the 
chemist of either sex, being a natural born British subject and 
not at the time over thirty years of age, who, in the opinion of 
the Selection Committee, during the previous five years has con- 
ducted the most meritorious and promising original investigations 
inany branch of pure or applied chemistry and published the results 
of those investigations in a scientific periodical or periodicals. 

Provided that in the opinion of the Selection Committee there is 
a candidate of sufficient distinction to warrant an award of the 
Prize, the first award is to be made in December, 1923. 

The Selection Committee is prepared to receive applications, 
nominations, or information as to candidates eligible for the Prize. 
Any such communication must be received by the President of the 
Chemical Society not later than Monday, 10th December, 1923. 


The following were formally admitted Fellows of the Chemical 
Society : N. K. Adam, H. Baines, C. S. Gibson, C. 8S. Grace, C. K. 
Ingold, J. F. Thorpe, and D. C. Vining. 

Certificates were read for the first time in favour of : 


Wilfrid Barnard S. Bishop, B.Sc., Tamar, Miller Street, Petersham, N.S.W. 
Reginald Stanley Crowle, 38, Devonshire Road, Millom. 
William Murdoch Cumming, B.Sc., F.I.C., 31, Mossgiel Road, Newlands, 
Glasgow. 
John Dall, 42, Bruntsfield Place, Edinburgh. 
Philip Eggleton, B.Sc., 45, King’s Road, Kingston-on-Thames. 
Paul Kestner, 38, Rue Ribera, Paris-Auteuil. 
Frederick Measham Lea, M.Sc., A.I.C., 31, Greenway, Uxbridge. 
James Ritchie Park, B.Sc., 164, Lessingham Avenue, Tooting, 8.W. 17. 
Roger Laurent Felix Robert, 43, Pine Road, Didsbury, Manchester. 
* 
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Max Rubin, c/o P.O. Box 1140, Johannesburg. 

Alexander Smith Russell, D.Sc., 4, Moreton Road, Oxford. 
Harold Schofield, St. John’s College, York. 

Frank Percy Walton, 121, Culverley Road, Catford, 8.E. 6. 


A Certificate has been authorised by the Council for presentation 
to ballot under Bye-Law I (2), in favour of : 


Lionel O. P. Walsh, 242, Westmount Boulevard, Montreal. 


The following papers were read : 


“ Ring-chain tautomerism. Dynamical evidence relating to the 
mutarotation of the sugars.” By J. W. Baxsr, C. K. INcoxp, 
and J. F. THorPE. 

‘An X-ray investigation of certain organic acid esters and other 
long chain compounds.” By G. SHEARER. 

‘Certain further X-ray measurements of long chain compounds 
and a note on their interpretation.” By A MULLER and 
G. SHEARER. 

“The constitution of the disaccharides. Part IX. Gentiobiose: 
its identity with amygdalin biose.” By W. N. HawortH and 
B. WyLam. 

“The constitution of raffinose.” By W. N. Haworrs, E. L. 


Hirst, and D. A. RvELt. 


List of papers received between October 19th and November 
15th, 1923. (This list does not include the titles of papers which 
have been read at a Scientific Meeting, or which have appeared 
in the Transactions.) 


“Reactions at the interface of two immiscible liquids and the 
part played by the vapour of each. The reaction between 
water and benzyl chloride.” By G. Harxsr. 

“The life period of the overvoltage compounds.” By E. New- 
BERY. 

* Alkyl hypochlorites.” By F. D. CuaTraway and O. G. Backe- 
BERG. 

“The chemical constitution of bacterial pigments. Part I. The 
isolation of pyocyanine and the preparation of its salts.” By 
H. McComstz and H. A. SCARBOROUGH. 

‘“‘ Dihydropentindole and its derivatives. Part I.” By W. H. 
PERKIN and 8. G. P. PLANT. 

‘** Yohimbine (quebrachine). Part III. Esterification of yohimbic 
acid.” By E. FIExp. 

“‘ Ortho-, meta-, and para-substitution in the benzene ring.” By 
H. G. Ruue. 
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“The saponification of methyl and ethyl formates by water, the 
ionisation constant of water, and the dissociation constant of 
formic acid.” By F. Bett and W. H. PatrTerson. 

“The reaction between copper and nitrogen peroxide.” By J. R. 
PaRK and J. R. PARTINGTON. 

“The composite nature of zirconium.” By G. Hrvesy and V. T. 
JANTZEN. 

“The decomposition of substituted carbamic chlorides by hydroxy-.- 
compounds. Part I. The reaction between methyl phenyl 
carbamic chloride and ethyl alcohol at different temperatures.” 
By T. W. PRIcr. 

“ A thermostat refrigerator.” By K. C. D. Hickman. 

“A laboratory water motor.” By K. C. D. Hickman. 

“Optical rotation and the polarity of groups attached to the 
asymmetric atom. Part I.” By H. G. Ruze. 

“Tautomerism of amidines. Part III. The alkylation of open- 
chain amidines” (continued). By F. L. Pyman. 

“The additive formation of four-membered rings. Part III. A 
system of nomenclature for heterocyclic four-membered rings 
and the formation and properties of some derivatives of 
8-methylenedi-imineoxide.”’ By C. K. INGoLp. 

“A synthesis of m-opianic acid.” By W. H. Prerxrn and F. W. 
STOYLE. 

“Some camphoryl-urethanes and their physiological action.” By 
H. E. Frerz-Davip and W. MULuer. 

“Studies in fluorescence spectra. Part I. Some benzenoid hydro- 
carbons.” By J. K. Marsu. 

“An improved filter-pump.” By K. C. D. Hickman. 

“The diffusion potentials and ionic mobilities of benzoates and 
salicylates compared with the corresponding values in a mem- 
brane of parchment paper.” By E. B. R. PripEavx and 
W. E. Crooks. 

“The estimation of ferrocyanides.” By W. M. Cummine. 

“The constitution of polysaccharides. Part VII. Esparto cellu- 
lose.” By J. C. Irvine and E. L. Hirst. 

“A synthetic fat containing a methylglucoside residue.” By 
J. C. Irvine and H. 8. Giicnrist. 

“The condensation of mannitol with olive oil.” By J. C. IRVINE 
and H. 8. Grucurist. 

“Bactericidal action of the tellurium derivatives of aliphatic 
8-diketones.” By G. T. Moraan, E. A. Cooprr, and A. W. 
Burtt. 

“Interaction of tellurium tetrachloride and the higher §-diketones. 
Part I.” By G. T. Morean and H. D. K. Drew. 
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“ Interaction of tellurium tetrachloride and the higher @-diketones, 
Part Il.” By G. T. Morgan and R. W. THomason. 

‘* Interaction of tellurium tetrachloride and the higher -diketones, 
Part III.” By G. T. Morean and E. Hoimss. 

“The dependence of polarisation-overvoltage on hydroxyl and 
hydrogen-ion concentration. PartI. Polarisation-overvoltage 
of an antimony cathode in aqueous alkaline solutions.” By 
H. J. 8. Sanp and E. J. WEEKs. 

“'Tetrachloroiodides of organic bases.” By F. D. CHarraway 
and F. L. Garton. 

“ The electrolysis of potassium oleate.” By G. W. F. Hotroyp 
and J. E. W. Ruopzs. 

“ 6-Methyl-1 : 2 : 8-trimethoxyanthraquinone and 7-methyl-1 : 2 : 8. 
trimethoxyanthraquinone.” By J. L. Stmonsen. 

“The labile nature of the halogen atom in organic compounds. 
Part X. The halogenation of acetylsuccinic ester.” By 
A. K. Macsera and D. Tram. 

“Preparation and reactions of the dihalogendinitromethanes.” 
By R. A. Gorts and L. Hunter. 

“The methoxyindoles and their derivatives.” By K. G. BLarKre 
and W. H. Pserxin. 

““Harmine and harmaline. Part VII. A synthesis of apoharmine 
and of certain carboline and copyrine derivatives.” By W. 
Lawson, W. H. Perxin, and R. Rosinson. 

“Some substitution derivatives of aurin.” By C. H. Sprers. 

“Some oxidation products of 8-pinene.” By G. G. HENDERSON 
and D. CHIsHOLM. 

“The chlorohydrins of $-pinene.” By G. G. HenpERsoN and 
C. A. Kurr. 

“The relation between the glow of phosphorus and the formation 
of ozone.” By W. E. Downey. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 


SCIENTIFIC MEETING ON THURSDAY, DECEMBER 
6TH, 1923. 


N.B.—The names of those who sign from ‘‘ General Knowledge ” 
are printed in italics. 


ADVANI, GopaLpAas DzAarmpas, c/o §. J. Co-operative Society, Hyderabad 
(Sind), India. Lecturer. B.A., B.Sc. (Bomb.), A.I.I.Sc. Worked with 
Dr. J. J. Sudborough of the Indian Institute of Science, Bangalore, on the 
esterification of polymethylene monocarboxylic acids and corresponding 
open-chain acids; published a paper on the above in the Journal of the 
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Indian Institute of Science. (Signed by) H. E. Watson, Gilbert J. Fowler 
Fred Marsden, M. O. Forster, F. L. Usher. 

ANDERSON, EDWARD BERTRAM, Millhayes, Hemyock, Devon. British. 
Inside manager and control chemist to Dried Milk Dairy Products, Co., Ltd., 
Hemyock, Devon. 7 Years research chemist to John Power & Sons, Ltd., 
John’s Lane Distillery, Dublin; 24 years chemist, nitroglycerine section, 
Royal Gunpowder Factory, Waltham Abbey; 5 years chemist, Technical 
Research Dept., British Dyestuffs Corporation, Blackley, Manchester. 
(Signed by) Leslie H. Lampitt, E. H. Rodd, C. Hollins. 

ANDERSON, JAMES SinciaIR StTanpisH, 15, Banbury Road, Oxford. 
Research Student. Engaged in research at the Dyson Perrins Laboratories 
under Professor W. H. Perkin. (Signed by) W. H. Perkin, E. Hope, N. V. 
Sidgwick, 8. G. P. Plant, W. Davies, A. F. Titley. 

ASAHINA, YASUHIKO, Pharmaceutical Institute, University, Tokyo. 
Japanese. Professor of Pharmaceutical Chemistry. Yakugakuhakushi 
(Doctor of Pharmacy), Dr. Pharm., Tokyo University. (Signed by) George 
Barger, James C. Philip, Robert Robinson. 

AYNSLEY, Ernest Epaar, B.Sc., School House, Westmoor, Forest Hall, 
Newcastle. English. Post-graduate Student. B.Sc. of Armstrong College, 
University of Durham; Ist Class Honours in Chemistry. (Signed by) W. N. 
Haworth, G. C. Leitch, H. V. A. Briscoe. 

BANFIELD, FrRANcIS Harrop, B.Sc., 40, Maryland Road, Wood Green, 
London, N. 22. British. Research worker in Organic Chemistry. B.Sc., 
Ist Class Hons. Chemistry, London University. I desire through the medium 
of the Society’s Journai to keep in touch with the trend of modern research 
work. (Signed by) Robert H. Pickard, J. Kenyon, F. C. Ray, A. Houssa. 

BARKER, CHARLES Rowan, 78, Liverpool Street, Paddington, Sydney, 
N.S.W. British. Assistant Chemist, Dept. Agriculture, Sydney, New South 
Wales. 20 Years Assistant Chemist, Dept. Agriculture, N.S.W. (Signed by) 
G. P. Darnell-Smith, W. M. Doherty, R. Grant. 

BaRKER, GEOFFREY GORDON, 10, Wellington Terrace, Sutton Coldfield. 
British. Technical Assistant to Messrs. George Barker & Brettell, Chartered 
Patent Agents, Birmingham. B.8c., 2nd Class Honours, Birmingham, 
Chemistry principal subject. (Signed by) Chas. E. Wood, A. E. Goddard, 
W. J. Hickinbottom, H. D. K. Drew, E. Holmes. 

BATEMAN, CHARLES, 77, Penhwad Street, Grangetown, Cardiff. British. 
Gas Engineer. Assistant engineer to the Cardiff Gas Light & Coke Co. 
Honours Certificate in gas manufacture. Student member of the Institute 
of Gas Engineers. (Signed by) J. H. Canning, Harold M. Royle, T. V. Blake. 

BircuMsSHAW, Louis LEIGHTON, 68, Southdown Road, West Wimbledon, 
8.W. 20. English. Physical Chemist. B.A. (Cambridge) by Research; 
M.Sc. (London). Engaged in research in Physical Chemistry at the National 
Physical Laboratory, Teddington. Contributions to J.C.S., Trans, 122, 
CII, 887; Trans. 123, XI, 91; Trans. 128 CLXXV, 1566. (Signed by) 
T. M. Lowry, Ulick R. Evans, Eric K. Rideal, R. G. W. Norrish, Guy Barr. 

BovutTER, STANLEY, B.A., The Oval, Oadby, Leicester. Chemistry Master, 
King William’s College, I.0.M. Final Honour School of Natural Science 
(Shortened Course), 1921. Research work in Organic Chemistry, 1921—1923. 
(Signed by) 8. G. P. Plant, Thos. H. Durrans, G. R. Clemo, Fredk. A. Mason, 
E. H. Stenning, E. Hope. 

BURDEKIN, JOHN THOMAS, 27, Crimicar Lane, Fulwood, Sheffield. British. 
At present I have no occupation. I hope to become a works or research 
chemist. Entered Sheffield University with a Town Trust Scholarship in 
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Chemistry, Physics, and French. Student of Chemistry for three years at 
Sheffield University. Degree of B.Sc. (2nd Class Hons.) of that Institution. 
Wish to keep in touch with modern research in chemistry. (Signed by) 
W. P. Wynne, J. Kenner, F. G. Tryhorn, Thos. B. Smith, G. H. Christie. 

BusHILL, JoHN HERBERT, M.Sc., ‘‘ Ingleside,” Arthur Road, Erdington, 
Birmingham, British. Assistant Chemist, J. Lyons & Co. Joint author 
with Prof. Ling of ‘‘ The estimation of calcium in blood,’’ Biochemical 
Journal, 1922, and author of ‘‘ The estimation of ethyl alcohol and of acetone 
in mixtures of the two” in the Journal of the Society of Chemical Industry, 
1923. Student at Birmingham University, 1919—1923. (Signed by) Arthur 
R. Ling, Leslie H. Lampitt, G. T. Morgan, 8. R. Carter, Wm. Wardlaw, 
C, E. Wood. 

CHAKRAVARTI, ATMARAM, 29, Ward Institution St., Calcutta. Bengalee 
Hindu. Analytical Chemist, Messrs. Shaw, Wallace, & Co., Calcutta. B.Sc. 
Calcutta University, with Chemistry as one of his subjects. At present work- 
ing as Analytical Chemist and has to do a lot of Soil and Manure analyses. 
(Signed by) T. K. Ghose, J. B. Bhaduri, V. G. Dani. 

CHATURVEDI, Har Sanat, Colonelganj, Cawnpore, U.P., India. Indian 
(Vedic Hinduism). Research Student. Govt. Technological Institute, 
Cawnpore, India. B.Se., Allahabad University. Desirous to remain in 
touch with the latest chemical research. (Signed by) N. G. Chatterji, 8. C. 
Banerji, N. R. Dhar. 

Cuick, ALFRED, 69, Fountain Rd., Edgbaston, Birmingham. British. 
Analytical Chemist. Have studied Chemistry (Inorganic and Organic) and 
particularly the manufacture of dyestuffs. Was for 3 years articled pupil 
to Mr. Lones, F.I.C., Public Analyst and Consulting Chemist. Now hold 
appointment as chemist to the City of Birmingham Corp. Electric Supply 
Dept. (4 years). Have carried out research on certain intermediates for 
dyestuffs, but have not yet completed same. (Signed by) J. H. Wood, 
Thos. J. Murray, Arthur Adams, Joseph Lones. 

CoFFEY, SAMUEL, 6, St. Paul’s Avenue, N.W.2. British. Ramsay 
Memorial Fellow at University College, London. Research work for four 
years. M.Sc. (Lond.), Ph.D. (Leyden), A.I.C. Published numerous papers 
in Transactions on various subjects. Also in Rec. trav. chim. At present 
I am doing research work at University College, London. (Signed by) O. L. 
Brady, J. N. Collie, J. N. E. Day. 

Conti, GrInoRI, PRINCE Piero, Senator of the Italian Kingdom, 58, Via 
della Scala, Florence, Italy. Chairman and General Manager of the 
Societa Boracifera di Larderello (Florence). (Signed by) William J. Pope, 
W. H. Mills, F. G. Mann. 

Dewinc, Epwarp Sacxert, Otley Rectory, near Ipswich. British. 
Research Student, Cambridge University. Researching in Organic Chemistry. 
Assistant demonstrator in Chemistry and in Mineralogy, Cambridge Univer- 
sity. (Signed by) W. J. Pope, C. T. Heycock, W. H. Mills. 

Dirrmar, Morirz Apotr, 774, Bergenline Avenue, West New York, New 
Jersey. American citizen. Director of Laboratory of Lehn and Fink, 
Bloomfield, New Jersey. B.Sc. in Pharmacy, Columbia University, 1920. 
Ph.D., University of Berne, 1922. Thesis: ‘‘ Chemistry of the Phloba- 
phenes.” (Signed by) H. V. Arny, Thomas J. Keenan, Virgil Coblentz. 

Dootan, JAMES JOSEPH, 46, Michael St., Waterford. British. Chemical 
Research. Ist Class Honours at B.Sc. (Lond.), 1921,in Chemistry. Associate 
of the Institute of Chemistry, by examination. Science Master, Waterford 
Technical Institute, Jan. 1915—Oct. 1920. Now engaged in post-graduate 
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work at East London College, under the direction of Professor J. R. Parting- 
ton, M.B.E., D.Sc. (Signed by) J. R. Partington, A. J. Prince, W. G. Shilling. 

ExmovutH, THE Rt. Hon. Viscount, Chemical Industry Club, 2, Whitehall 
Court, S.W. British. Late Professor of Chemistry at Columbia University, 
U.S.A. (Signed by) W. P. Wynne, Irvine Masson, James C. Philip. 

FEARNLEY, GEORGE, 60, Duckworth Lane, Bradford. English. Assistant 
to Consulting Technical Chemist. Conversant with the chemical analysis 
of textile materials, as used in the West Riding of Yorkshire. (Signed by) 
Robt. D. Abell, T. W. Price, Barker North. a 

FRANCIS, GEORGE THOMAS RANDLES, 3, Tregarvon Rd., North Side, Clap- 
ham Common, 8.W. 11. British. Chemist. Qualified Chemist and Drug- 
gist. Privately taught in Chemistry by A. Evans, Esq., B.Se. Science 
Master, County Schools, Wrexham. Received tuition at Westminster 
College of Chemistry, 190, Clapham Rd., 8.W.9. (1919—1920). Attended 
technical classes in Wolverhampton, 1913—1914. (Signed by) Alfred Thomas, 
J. 8. Wilkes, P. H. Woodnoth. ‘ 

FULLER, ALBERT THOMAS, 54, Trent Road, Brixton, 8.W. 2. British (born 
in London). Chemical Research Student. Ist Class Honours Chemistry, 
B.Sc. (London), 1921. 18 Months Chemical Research at Battersea Poly- 
technic (part of Ph.D. course for which he has registered). (Signed by) 
Robert H. Pickard, J. Kenyon, Harold Hunter. 

GANGULY, PHANI Buusay, Allahabad (India), (present address, 54, Amhurst 
Park, N.16). Indian. Research Student, University College, London. 
Publications: “‘ Coagulation of manganese dioxide sol by different electro- 
lytes,”? Ganguly and Dhar (Journ. Phys. Chem., 26, 701—714, 1922). “‘ Ad- 
sorption of ions by freshly precipitated manganese dioxide ”’ (ibid. 26, 836—844, 
1922); ‘* Kolloidflockung durch Sonnenlicht”’ (Koll, Zeit., xxxi, 1922); 
“ Beobachtungen iiber Wirkungen der oberflachenspannung ”’ (Ganguly and 
Banerji, Zeit. anorg. und allgemaine Chemie, 124, 1922). M.Sc. (1st Class, first), 
University of Allahabad, India. (Signed by) F. G. Donnan, W. E. Garner, 
A. E. Mitchell. 

GaRTON, FranK LEstiIz, 14, Craven Avenue, Ealing, London, W. 5. 
British. Assistant Chemist. B.A. (Hons. Chem.), Oxon. A.I.C. (Signed 
by) Matthew Whittam, F. D. Chattaway, G. R. Clemo. 

GESELL, WILLIAM Hans, 235, Christopher Street, United States of America. 
General Manager of Laboratories and Works of Lehn and Fink, Inc., Bloom- 
field, N.J. Chemical Engineer, University of Michigan. Author of articles 
on Chemistry of Cellulose and on Production Pharmacy. I desire admission 
to the Chemical Society in order to keep abreast with progress in chemical 
science. (Signed by) H. V. Arny, Thomas J. Keenan, Virgil Cobientz. 

GIDLEY, Gustavus CHARLES, Brynmelyn College, Weston-super-Mare. 
British. Senior and Science Master at above College. A student of Chemistry 
for past 10 years. Entered and opened up Science at Brynmelyn nearly 
5 years ago, since when I have successfully prepared candidates for University 
local exams. and London Matric.; 50—60 successes. I always endeavour 
to do all I can in the interests of Chemistry. Working for F.I.C. examination. 
(Signed by) John Taylor, E. T. H. Bucknell, A. E. Mills. 

GoeTe, DWARKANATH V., Khamgaon, Central Provinces, India. Indian. 
C. P. Government Scholar at the Indian Institute of Science, Bangalore 
(India). B.Sc. of the Allahabad University in Chemistry. At present 
I am working on the hydrogenation of various Indian oils. (Signed by) 
M. O. Forster, H. E. Watson, Gilbert J. Fowler, 


112 


Goopine, Stantzey Evans Francis, 5, St. Andrew’s Hill, Cambridge. 
British. Research Student. B.A. Natural Science Tripos, Pts. I and I], 
Cambridge. (Signed by) W. J. Pope, W. H. Mills, Hamilton McCombie. 

GREEN, ALBERT, The Edward Davies Chemical Laboratories, Aberystwyth. 
British. Assistant-lecturer in Chemistry. B.Sc. (Wales), with Ist Class 
Honours in Chemistry. Assistant-lecturer in Chemistry at the University 
College of Wales, Aberystwyth, since 1921. (Signed by) T. Campbell James, 
C. R. Bury, H. Medwyn Roberts. 

Harrop, Frank CHARLES, Ostley House, Barrow. British. B.Sc. 
(Honours, Manchester, 1923). Being desirous of obtaining the literature of 
the Society. (Signed by) Arthur Lapworth, Robert Robinson, D. H. 
Bangham. 

Harpy, Francis Woop, Leefield House, Allerton, Bradford, Yorks. 
British. Senior and Organising Chemistry Master, Boys’ Modern School, 
Leeds. B.Se., London, 1913. Position held as above, and I desire admis- 
sion because I am anxious to secure more intimate contact with recent 
research as a help in teaching Advanced Course work. (Signed by) T. Martin 
Lowry, Arthur Smithells, W. Lowson, H. M. Dawson, J. B. Cohen. 

HEALEY, ALFRED THOMAS, 79, Popes Avenue, Twickenham. British. 
Student of chemistry at East London College, Mile End Rd., London, E. 1. 
I have passed the Inter-B.Sc. exam. and am sitting for B.Sc. Hons. Chem. 
in 1924. I wish to join the Society in order to keep in touch with the progress 
of chemical research. (Signed by) Eustace E. Turner, W. H. Patterson, 
J. R. Partington. 

HENDERSON, STANLEY THomaAs, 50, Cambridge Avenue, London, N.W. 6. 
British. Research student. Ist Class Hons. in Chemistry in Cambridge 
Natural Sciences Tripos, 1922. B.A., 1922. Ist Class Hons. in Chemistry 
in London External B.Sc., 1922. Research studentship at Emmanuel 
College, Cambridge, 1922—1924. (Signed by) W. J. Pope, W. H. Mills, 
Hamilton McCombie, A. J. Berry. 

Hopkins, THomas, Glanwern, King George Avenue, Llanelly. British. 
Science Master at Barrow Junior Technical School. M.Sc. (Wales), B.Sc. 
(Lond.), F.I.C. Published paper J.C.S. 1920, May. 4 Years Manufacturing 
and Research Chemist at Messrs. Nobel’s, Scotland. Science Master at 
Barrow Technical School. (Signed by) C. R. Bury, L. J. Hudleston, T. 
Campbell James. 

Hosk1nG, JOHN READER, Sefton St., Wadestown, Wellington, New Zea- 
land. British. Student of Chemistry. 5 Years on Chemical Staff of Colonial 
Sugar Refining Co., Ltd., Sydney, Australia. At present time student of 
Chemistry at University College, Auckland, N.Z. (Signed by) Thomas H. 
fasterfield, W. Frank Short, A. H. Bowell. 

Jacoss, JULIAN MICHAEL SAMUEL, 125, Goldhurst Terrace, London, N.W. 6. 
British. Research Student. B.Sc., lst Class Honours in Chemistry, London 
University, 1922. Since graduation engaged in research in organic chemistry. 
(Signed by) George Senter, F. Barrow, S. Sugden, Wm. W. Myddleton. 

JACOBSON, BENNETT ALEXANDER, 92, Jules St., Johannesburg, 8. Africa. 
British. Chemist and Druggist, and Analytical Chemist. Member of the 
Pharmaceutical Soc. Gt. Brit. Late Assistant Analyst, Metallurgy Dept., 
Witwatersrand Mines, Transvaal. Demonstrator in Chemistry and Physics, 
Johannesburg University. Certificates of Merit, Chemistry and Physics, 
London College. (Signed by) P. H. Woodnoth, A. Thomas, C. Diamond. 

JENNINGS, JAMES SOWDEN, Worcester Villas, Godolphin Road, Helston, 

Cornwall. British Subject. Teacher of Chemistry and Mathematics at 
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the County Secondary School, Helston. Trained Certificated Teacher. 
B.Sc. Chemistry. (Signed by) Arthur Smithells, W. Lowson, J. B. Cohen, 
H. M. Dawson. 

JonEs, ALBERT OwEN, 1, Dark Gate, Carmarthen, S. Wales. Chemistry 
Master. B.Sc. (University of Wales). Student from 1911—1914, and after 
demobilization, Feb. 1919—June 1920. Pursued Honours B.Sc. Course; 
prevented from taking examination owing to operation. At present Teacher 
of Chemistry at Birkenhead Institute. (Signed by) John H. Foulger, Herbert 
John Evans, James Smith. 

KaneE, Witt1am Ross, 77, Glebe Road, Sheffield. British. Chemistry 
Master, Penistone Grammar School. B.Sc. (Lond.) in Chemistry, Physics, 
Pure Maths. 15 Years’ experience in teaching Science. (Signed by) W. P. 
Wynne, F. G. Tryhorn, J. Kenner, G. H. Christie. 

Lawson, Diapy RicHarp, Woodlea, Hartford, Cheshire. British. 
Research Chemist. M.A. (Oxon.). Research Chemist, c/o Messrs. Brunner, 
Mond, & Co., Northwich. (Signed by) F. A. Freeth, W. H. Perkin, N. V. 
Sidgwick, T. W. J. Taylor, F. G. Donnan, 8. G. P. Plant, E. Hope. 

Lewis, WILLIAM CLIFFORD, Inversnaid, Shoreham-by-Sea. British. 
Senior Master at the Grammar School, Shoreham, Sussex. B.Sc. (Hons.). 
At present engaged in research in Organic Chemistry. (Signed by) T. Camp- 
bell James, C. R. Bury, L. J. Hudleston. 

Lions, Francis, 17, Lincoln Grove, Chorlton-on-Medlock, Manchester. 
British Subject (born in Australia). Research Student in Organic Chemistry 
at the Victoria University of Manchester. B.Sc. (Sydney), lst Class Honours 
Chemistry and Ist Class Honours Organic Chemistry. 1851 Scholar for 
Australia, 1923. Engaged at present in Research in Organic Chemistry at 
the Victoria University of Manchester. (Signed by) Arthur Lapworth, R. 
Robinson, J. C. Smith, F. M. Irvine. 

Maw, Wi114M, B.Sc., 82, Holly Avenue, Newcastle-upon-Tyne. English. 
Research Student. B.Se. of Armstrong College, University of Durham. 
lst Class Honours in Chemistry. (Signed by) W. N. Haworth, G. C. Leitch, 
H. V. A. Briscoe. 

May, Crcin Joun, 19, Tyndale Place, Islington, London, N.1. English. 
Student of Chemistry. (Signed by) H. F. Harwood, James C. Philip, H. B. 
Baker. 

Mitts, Henry Compton, 25, Cape Road, Warwick. British. Science 
Master. B.A. (Oxon.), 2nd Class Honours in Chemistry. B.Sc. (London). 
(Signed by) Allan F. Walden, Frederick Soddy, M. P. Applebey, N. V. 
Sidgwick. 

Naipvu, Pasupu KrisHNaASwAMI RAJAMANIKKAM, 52, Pedariar Koil Street, 
Madras, India. Hindu-Indian. Ag. Principal, Government Leather Trades 
Institute, Washermanpet, Madras, India. Underwent full course of training in 
Leather Chemistry and Leather Manufacture in Leather Sellers’ College, 
London. Permanent Vice-Principal of the Govt. Leather Trades Institute, 
and now the Acting Principal. Member of the Society of the Leather Trades 
Chemists. (Signed by) A. K. Menon, P. 8. Chowdary, M. Suhramania Sastry. 

PowEtL, DonaLp, 73, Sedgeford Rd., Shepherd’s Bush, W.12. British. 
Assistant Chemist to the Research Association of the British Motor and 
Allie? Manufacturers. Previously Assistant Chemist to Mr. Perey Edgerton, 
AI.M.M., F.C.S., Nov. 1921 to Aug. 1923. (Signed by) Percy Edgerton, 
J. B. Coleman, Francis Arnall, F. H. Lowe. 

Ray, SUDHINDRANARAYAN, 19/4, Madan Mitra Lane, Calcutta, India. 
Bengalee. Superintendent of Excise and Salt, Calcutta Distillery Branch. 
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Ist Class M.Sc. (Calcutta University). In his official capacity, he is in charge 
of one of the biggest distilleries in India and four important bonded laboratories, 
where tinctures and other spirituous medicinal preparations are manufactured; 
deals with all matters connected with industrial use of alcohol. (Signed by) 
R. L. Jenks, B. M. Chakravarti, J. C..Ghosh. 

RIcHARDSON, Henry Oates, Ashworth House, Ashworth Rd., Dewsbury, 
Yorks. British, Works and Analytical Chemist to Mark Day & Son, 
Dewsbury, Manufacturers of Dyewood, Tanning Extracts, Chemicals (6 years 
in this position as head). 6 Years Chemistry Student, Dewsbury Technical 
College. Final Certificate in Chemistry, Dewsbury Technical College. 
Member, Society of Leather Trades Chemists; member, Society of Dyers 
and Colourists; member, British Association of Chemists; National Certifi- 
cate in Chemistry. (Signed by) H. J. Taylor, 8. J. Hopkins, H. W. Gorbold. 

Ross, Netti Grrirres, Caroni Estate, Caroni, Trinidad, B.W.I. Scottish. 
Analytical Chemist. Chief chemist to The Trinidad Estates Co., Ltd., 
for past 34 years and to date. Formerly assistant chemist with John Walker 
& Co., Greenock, 6 years. War service, 1914—1919. Attended Royal 
Technical College, Glasgow. I wish to join in order to receive the advantage 
of the literature issued by the Society. (Signed by) Angus Smith, Thomas 
Gray, F. J. Wilson. 

RusHwortH, JAMES, 11, Smithy Carr Lane, Brighouse. Works Chemist, 
Messrs. T. F. Firth & Sons, Ltd., Carpet Manufacturers, of Brighouse and 
Heckmondwike. Student, Rastrick Grammar School, till 1919; student, 
Huddersfield Technical College, 1919—1922, at the latter place having been 
doing Research for 12 months. At present (for 12 months) Works Chemist 
in carpet manufacture. (Signed by) L. Gordon Paul, E. Norman Langham, 
James Bruce. 

RYDER, CHARLES Duptey, Assoc. I.R.S.M. (Leoben), Clan William Street, 
Chatswood (Sydney). Naturalised Austrian (Australian). Manufacturing 
and Research Chemist and Consulting Engineer. Hducation: Viennese 
Grammar School; Associate of Imp. Royal School of Mines, Leoben, Styria 
(Austria); special courses in Organic Chemistry at Technical Colleges of 
Vienna, Universities of Marburg and Leipzig. Practice : From 1898—1903 
with a number of firms in Austria and Hungary. Since 1904 practised on 
his own in South Africa (for three years) in Natal, Transvaal and Rhodesia. 
Since 1907 in Australia, engaged with various large concerns; invariably 
managing Technological Departments and in charge of chemical laboratories. 
Of later engagements may be mentioned: From 1917—1922 Chief Chemist 
and Consulting Engineer to F. A. Henriques, Ltd., Manufacturing Chemists, 
Importers and Exporters, Sydney, Brisbane, Melbourne, and Perth. At 
present Chief Chemist of Lockwood & Magrath, Ltd., 163, Kent Street, Sydney, 
Essential Oil Distillers, Synthetic Chemicals, etc., Manufacturing Chemists. 
Travels : Has visited (besides South Africa) Austria, Hungary, Italy, Spain, 
Germany, England, Scotland, U.S.A., India, and New Zealand; speaks and 
writes four languages. (Signed by) George Z. Du Pain, Francis L. Watt, 
F. H. Molesworth, Henry G. Smith. 

SHarpP, ERNEST GOULDING, 52, Castle St., Dover. British. Manufacturing 
Chemist. I have been engaged for some considerable time in extensive 
experimental work, with regard to the utilisation of Propyl Alcohol, in the 
manufacture of synthetic perfumes, and my reason for desiring to become a 
Fellow of the Chemical Society is that I desire the privilege of attending 
the Scientific Meetings. (Signed by) H. Lawrence, Jos, Cowper, Herbert 
B. Hammond. 
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SHINopDA, JuNnzo, Chemical Dept., Victoria University, Manchester. 
Japanese. Research Student. Research Chemist, sent abroad by Japanese 
Government. (Signed by) Robert Robinson, Garfield Thomas, Leslie Randal 
Ridgway, Thomas Malkin. 

Sms, Wiri1am Henry, 2, Churchville, Radford, Nottingham. British. 
Assistant Chemist, Boots Pure Drug Co., Ltd., Nottingham. 6 Years’ 
attendance at evening classes held at the Nottingham University College, 
in Mathematics, Chemistry, and Physics. For 7 years employed in the 
Fine Chemical Dept. of Boots Pure Drug Co., on the manufacture of Alkaloids, 
and for 3 years on the research and manufacture of Organic Arsenicals. 
(Signed by) Harold Calam, Harold B. Holthouse, Bertram A. Bull, H. Droop 
Richmond, W. J. Bowis. 

StincH, KisHen, Hyderabad, Deccan, India. British Subject, Indian. 
Hyderabad (State) Scholar. H.E.H. The Nizam’s Service. Research De- 
partment. (Applied Chemistry), College of Technology, Manchester. B.Sc. 
in pure and applied chemistry, Punjab University. Science Master in Govt. 
High School in South India and North India (D.A.V.). Analytical chemist, 
with a Manufacturing Chemist. Submitted thesis on Sugar Manufacture 
in India; doing research at present. (Signed by) John K. Wood, F. M. 
Rowe, D. D. Kanga, Jul. Hiibner. 

SmirH, JAMEs Murr, B.Sc., 8, Hepscott Ter., 8. Shields. British. Research 
Student. Ist Class Honours in Chemistry at Armstrong College, Newcastle- 
on-Tyne, University of Durham. (Signed by) W. N. Haworth, D. Arthur 
Ruell, Birkett Wylam. 

STEVENS, Harotp Roserts, 9, Panton St., Cambridge (Pembroke College). 
British. Research Student. Ist Class, Pt. II, Natural Sciences Tripos (Cam- 
bridge). Chemistry Scholar and Research Student of Pembroke College, 
Cambridge, B.A., 1921. (Signed by) W. J. Pope, W. H. Mills, Hamilton 
McCombie. 

SUTHERLAND, JOHN GEORGE, Boksburg, Transvaal, 8. Africa. British 
(Scots). Lecturer in Science, Boksburg Normal College. Hons. Degree 
in Maths. and Applied Maths. of Edinburgh. Studied chemistry at Edin- 
burgh University under Prof. Crum Brown and at the Heriot-Watt Technical 
College for 4 years. Lecturer and Teacher of Chemistry for 12 years in 
Edinburgh, Rhodesia, and Transvaal. (Signed by) James Moir, J. McCrae, 
J, A. Wilkinson. 

Taytor, CotIn KENNETH, 21, Cromwell Road, South Kensington, §.W. 7. 
Anglo-Indian, British. Student. B.A. (Chemistry), Madras University, 
India. Is now studying Applied Chemistry at Battersea Polytechnic. 
(Signed by) Robert H. Pickard, J. Kenyon, Harold Hunter. 

Terapa, SHorcHI, No. 20, Wakamiya Ché, Ushigome, Tokyo, Japan. 
Japanese. Bachelor of Pharmacology. Author of a paper on “‘ The con- 
densation of pyruvic acid with formaldehyde,” in collaboration with Y. 
Asahina. Lecturer on Pharmacology in the Imperial University of Tokyo. 
(Signed by) Joji Sakurai, Riké Majima, Hiroshi Nomura. 

TERVET, Witt1AmM PEarRsOoN, ‘‘ Waverley,” Compton Park Road, Ply- 
mouth. Scottish. Engineer and Manager, Gas Works, Devonport. Student 
at People’s Palace, Mile End Road, Inorganic and Organic Chemistry. 
Junior assistant for 6 years, Tottenham Gas Works, laboratory testing. 
Assistant engineer, Plymouth Gas Works, for 6 years, cyanide recovery. 
Engineer at Devonport, 14 years. (Signed by) James R. Thackrah, Philip 
G. G. Moon, J. T. Hewitt. 

Tun, Russert Grsson, 2, Chalmers Crescent, Edinburgh. British. 
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Analytical and Consulting Chemist. B.Se. (Edinburgh); Associate, Institute 
of Chemistry. Contribution to Transactions of the Chemical Society with 
Dr. A. C. Cumming in 1915 on “‘ Estimation of Potassium by the Perchlorate 
Method.” (Signed by) Alexander Scott, James Walker, Sydney A. Kay. 

THORNE, Witt1aAm Trick, 40, Canton Rd., Shanghai. British. Phar. 
maceutical Chemist. Manager, Chemical Dept., Messrs. Allen & Hanbury’s, 
Ltd., Shanghai. Major Diploma, Pharmaceutical Society. Interested in 
Analytical Chemistry and desirous of keeping in touch with current chemical 
literature. (Signed by) C. E. Corfield, F. W. Gamble, Frank Browne, Norman 
Evers. 

THORNTON, ARTHUR JAMES EDWARD, 38, Battersea Park Rd., S.W. 11. 
British. Analytical Chemist (Air Ministry). King’s College (Student), 
1919—1921. Inter-B.Sc. (Chemistry and Physics). I desire to attend the 
meetings, etc., to keep in touch with current research. 1921 to date, Chemist 
employed by Air Ministry (Acronautical Inspection Directorate). (Signed 
by) J. W. Farmery, J. Outram Cutter, P. C. Austin. 

ToMEINSON, MARGARET GROSVENOR, Chilton, Cleobury Mortimer, Salop. 
Chemist. Camb. Univ., Nat. Sci. Tripos, Pt. I, 1914. Analytical Chemist 
at Messrs. Stewarts & Lloyds, Ltd., Halesowen, Birmingham, 1916—1919. 
Assistant Lecturer in Nat. Science, Girton College, Cambridge, 1919—1921. 
Associate of the Institute of Chemistry, 1920. Girton College Travelling 
Fellowship, 1921—1922. Research work with Prof. Paul Sabatier, University 
of Toulouse. Docteur és Sciences, University of Toulouse, Dec. 1922. Note 
in Comptes Rendus de lV Academies des Sciences, Paris, Jan. 3rd, 1923. 
(Signed by) C. T. Heycock, W. H. Mills, W. G. Palmer. 

TuRNER, PerciIvaL Exisna, Bath Road, Beenham, near Reading. British. 
Demonstrator in Chemistry, Imperial College of Tropical Agriculture, Trini- 
dad. B.Sc., Hons. Chemistry, London (External). Associate, Institute of 
Chemistry. Associate, University College, Reading. Student Demon- 
strator in Chemistry, University College, Reading, 1922—1923. (Signed by) 
H. Bassett, J. W. Dodgson, R. G. Durrant, D. Roy Maxted. 

WaxkerorD, LEstIe Ernest, “ Bisham,” 14, Woolstone Rd., Catford, 
8.E. 6. British. Pupil assistant of Mr. Perey Edgerton, analytical chemist. 
Student of the Institute of Chemistry. Student at Sir John Cass Technical 
Institute. (Signed by) P. C. L. Thorne, Perey Edgerton, Henry J. 8. Sand, 
Stephen B. Bowyer. 

WatkKER, Oswatp JAMES, 24, Buccleuch Place, Edinburgh. British. 
Lecture Assistant, Edinburgh University, Chemistry Department. Degree 
of B.Sc. with lst Class Honours in Chemistry, Edinburgh University. (Signed 
by) James Walker, Sydney A. Kay, Leonard Dobbin. 

WeBER, Isaac EpuHraim, B.Sc. (Lond.), 12, Claremont Road, Luton. 
British. Chief Chemist, Messrs B. Laporte, Ltd., Luton. Student at 
University College, London, 1914—1917. Chief Chemist, Messrs. B. Laporte, 
Ltd., 1919-—1923. (Signed by) F. G. Donnan, 8S. Judd Lewis, 8. Smiles. 

WitcoMBE, FRANK WitiAmM, 85, Holland Rd., Maidstone. British. 
Analytical Chemist. 1913—1914, Pupil and assistant to Mr. Percy Edgerton, 
F.C.8. 1915—1917, Assistant chemist, Works Laboratory, Chatham Dock- 
yard. (Service in Royal Air Force.) 1921—1923, Chemist in charge, Works 
Laboratory, Chatham Dockyard. (Signed by) Percy Edgerton, D. B. Butler, 
J. A. Smythe, P. L. Robinson. 

WoopHEAD, DonaLtD WHITLEY, 248, Claremont Road, Moss Side, Man- 
chester. British. Research Chemist. B.Sc. (Manchester). Twelve months’ 
research at Manchester University on photographic analysis of gaseous 
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explosions. Research Assistant to the Manchester Corporation Air Pollu- 
tio Advisory Board at Manchester College of Technology. (Signed by) 
H. B. Dixon, A. Lapworth, Colin Campbell, H. Wood. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-law I (2) : 

Kerry, ArtHuR NicHoxas, Jose Cubas 4725, Buenos Aires. English. 
Asst. Analytical Chemist, Buenos Aires and Pacific Railway, Buenos Aires, 
Argentine Republic. 7 Years as Chief Assistant to Mr. A. Courtenay 
Luck, F.I.C., F.C.S., Calle 25 de Mayo 611, Buenos Aires. (Signed by) 
A. Courtenay Luck. 

LIsSENBOROUGH, ROBERT, Cawnpore. English. Manager, Cawnpore Sugar 
Works, Limited, Cawnpore. Analytical and Manufacturing Chemistry, 
Sugar Refining and Distilling. Manager, Refinery and Distillery, Cawnpore 
Sugar Works, Ltd. (Signed by) E. L. Watson, G. Peace. 

WatsH, Lionet O. P., 242, Westmount Boulevard, Montreal. English. 
Vice-President and General Manager, Dominion Tar and Chemical Co., 
Limited, Montreal. (Signed by) Arthur O. Ponder. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


ARCHIV DER PHARMAZIE. Vols. 248—255. Berlin 1910—1917. 
(For circulation.) From Sir W. J. Pope. 
BEaRN, JOSEPH GAULD. The chemistry of paints, pigments, 
and varnishes. London 1923. pp. x +278. ill. 30s. net. 
(Reed. 7/11/23.) From the Publishers: Messrs. Ernest Benn. 
BioxaM, CHARLES Loupon. Chemistry, inorganic and organic. 
With experiments. 11th edition. Revised by ArTHUR GEORGE 
BLoxaM and SaMvuEL Jupp Lewis. London 1923. pp. x + 832. 
ill. 36s. net. (Recd. 20/10/23.) 
From the Publishers: Messrs. J. & A. Churchill. 
Boutton, W. GERARD. Blasting with high explosives: a 
practical handbook for mining and civil engineers, farmers, and all 
interested in demolitions. London 1923. pp. viii + 108. ill. 
5s. net. (Recd. 19/10/23.) 
From the Publishers: Sir Isaac Pitman & Sons. 
Lewis, GILBERT NEwTon. Valence and the structure of atoms 
and molecules. New York 1923. pp. 172. ill. $3-00 net. 
(Recd. 29/10/23.) 
From the Publishers: The Chemical Catalog Company, Inc. 
MorRELL, Ropert SELBy. Varnishes and their components. 
London 1923. pp. xii + 362. ill. 25s. net. (Recd. 14/11/23.) 
From the Publishers : Messrs. Henry Frowdeand Hodder & Stoughton. 
OPPENHEIMER, CARL. Kurzes Lehrbuch der Chemie in Natur 
und Wirtschaft. Nebst eincr Einfiihrung in die allgemeine Chemie 
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von JOHANN Matuna. Leipzig 1923. pp. xx + 258 + 862. ill, 
25s. net.  (Recd. 26/10/23.) 
From the Publisher: Herr Georg Thieme. 
ScIENTIFIC AND INDUSTRIAL Researcu, Department of. Report 
of the Oxygen Research Committee. London 1923. pp. viii + 
178. ill. (Reference.) 8s. 6d. net. From the Department. 
Société Cummiguz DE Paris. Legons de chimie professées en 
1860—1869. 7 vols. [in 6]. Paris 1860—69. (Recd. 17/10/23.) 
From Sir W. J. Pope. 
SparETH, Epuarp. Die chemische und mikroskopische Unter- 
suchung des Harnes. 5th edition. Leipzig 1924. pp. xxii + 726. 
ill. (Reed. 14/11/23.) From the Publisher: Herr J. A. Barth. 
WALDEN, Pau. Elektrochemie nichtwissriger Lésungen. Leip. 
zig 1924. pp. xii +515. (Recd. 14/11/23.) 
From the Publisher: Herr J. A. Barth. 
Weyt, TuHreopor. [Editor.] Die Methoden der organischen . 
Chemie. 2nd edition. Edited by Joszr Hovsen. Vol. III. 
Leipzig 1923. pp. xxxviii +1118. ill. (Recd. 9/11/23.) 
From the Publisher: Herr Georg Thieme. 


II. By Purchase. 


ANDRADE, EDWARD NEVILLE DA Costa. The structure of the 
atom. London 1923. pp. xvi-+314. ill. 16s. net. (Reed. 
17/10/23.) 

ArnDT, Kurt. Handbuch der physikalisch-chemischen Technik 
fiir Forscher und Techniker. 2nd edition. Stuttgart 1923. pp. 
xvi + 886. ill. (Recd. 25/10/23.) 

ASKINSON, GEORGE WitL1AM. Perfumes and cosmetics: their 
preparation and manufacture. 5th edition. [New York] 1923. 
pp. xiv + 392. ill. 30s. net. (Recd. 14/11/23.) 

Bourcart, E. Insecticides, fungicides, and weedkillers: a 
practical manual on the diseases of plants and their remedies. 
Translated from the French, revised, and adapted to British 
standards and practice by DonaLtp Grant. London 1913. pp. 
xxxvi + 431. ill. 14s. 6d. net. (Recd. 20/10/23.) 

ConrRADY, ALEXANDER EUGEN [and others]. Photography as a 
scientific implement. London 1923. pp. viii + 550. ill. 30s. 
net. (Recd. 17/10/23.) 

CooprrR, F. J. Textile chemistry: an introduction to the 
chemistry of the cotton industry. London [1923]. pp. x + 236. 
ill. 10s. 6d. net. (Recd. 19/10/23.) 

CooPrEer, WILLIAM Ranson. Electro-chemistry related to engin- 
eering. London 1923. pp. xiv -+ 136. ill. 12s. 6d. net. (Reed. 
17/10/23.) 
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Davipson, WILLIAM Brown. Gas manufacture. London 1923. 
pp. viii + 464. ill, 21s. net. (Recd. 14/11/23.) 

DuRVELLE, J. P. The preparation of perfumes and cosmetics. 
Translated from the 4th French edition by Ernest JoHN PaRRY. 
London 1923. pp. viii + 420. ill. 21s. net. (Recd. 14/11/23.) 

GoERENS, Pav. Einfiihrung in die Metallographie. 3rd and 
4th edition. Halle (Saale). 1922. pp. xii+ 344. ill. (Reed. 
25/10/23.) 

Kinp, WALTER. Das Bleichen der Pflanzenfasern. 2nd edition. 
Wittenberg, Bez. Halle 1922. pp. viii+ 375. ill. (Reed, 
25/10/23.) 

LanDoLT, Hans HeEryricg, and Bérnstern, RicuarpD. Physik- 
alisch-chemische Tabellen. 5th edition. Edited by WALTHER 
ApoLtF Rot and Kart ScHEEL. 2 vols. Berlin 1923. pp. xvi + 
1696. ill. (Reference.) 

Lounis, Fetix, and Frep, Epwin Broun. Textbook of agri- 
cultural bacteriology. New York 1923. pp. x + 284. ill. 15s. 
net. (Recd. 17/10/23.) 

McEwEN, Basit Cuartes. The properties of matter. London 
1923. pp. viii + 316. ill. 10s. 6d. net. (Recd. 14/11/23.) 

McMinian, WALTER GEORGE. A treatise on electro-metallurgy : 
embracing the application of electrolysis to the plating, depositing, 
smelting, and refining of various metals [&c.]. 4th edition. 
Revised by Wizit1AM Ranson Cooper. London 1923. pp. xvi + 
454, ill, 21s. net. (Recd. 17/10/23.) 

PaLLADIN, VLADIMIR Ivanovic. Plant physiology. Edited by 
BurTON Epwarp Livineston. 2nd American edition with a 
biographic note and chapter summaries by the Editor. pp. xxxiv +- 
360. ill. 20s. net. (Recd. 29/10/23.) 

PETERSON, FREDERICK, Hatnes, WALTER S., and WEBSTER, 
RatpH W. [Editors.] Legal medicine and toxicology. 2nd 
edition. 2 vols. Philadelphia 1923. pp. 1196, 13—1072. ill. 
(Reference.) £5 net. 

Potuitt, Atan A. The causes and prevention of corrosion. 
London 1923. pp. 230. ill. 25s. net. (Recd. 17/10/23.) 

RamsBusH, N. E. Modern gas producers. London 1922. pp. 
xx + 546. ill. 55s. net. (Recd. 17/10/23.) 

ROBERTSON, THORBURN Braitsrorp. The chemical basis of 
growth and senescence. Philadelphia [1923]. pp. viii + 390. 
ill. 12s. 6d. net. (Recd. 14/11/23.) 

SHERRILL, Mites StanpisH. A course of laboratory experiments 
on physico-chemical principles. New York 1923. pp. xii + 126. 
ill. Qs. net. (Recd. 6/11/23.) 

STARLING, Ernest Henry. The action of alcohol on man. 
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With essays by Rozpert Hurcuison, Str FrepERICK WALKER 
Morr, and RayMonpD Pzart. London 1923. pp. viii + 292. ill, 
12s. 6d. net. (Recd. 20/10/23.) 

Waker, Witi1Am Hvuttz, Lewis, Warren K., and McApams, 
Wu1am H. Principles of chemical engineering. New York 1923. 
pp. x + 638. ill. 25s. net. (Recd. 17/10/23.) 

Waran, H. P. Elements of glass-blowing. London 1923. 
pp. x +116. ill. 2s. 4d. net. (Recd. 19/10/23.) 

Wuymper, Rozert. The manufacture of confectionery. [Based 
upon JacoutTot’s ‘Chocolate and confectionery manufacture.” 
London 1923. pp. viii + 252. ill. 25s. net. (Recd. 14/11/23.) 

Wricut, Arruur. Industrial filtration. New York 1923. 
pp. 336. ill. 25s. net. (Recd. 31/10/23.) 

ZSCHIMMER, EBERHARD. Theorie der Glasschmelzkunst als 
physikalisch-chemische Technik. I. Jena 1923. pp. viii + 128. 
ill. (Recd. 25/10/23.) 


IIT. Pamphlets. 


HEsSLINGA, JacosB. Onderzoekingen over de quantitatieve bepal- 
ing van chloor, broom en jodium in organische verbindungen. 
Amsterdam [1923]. pp. viii +72. ill. 

MaprAS, GOVERNMENT OF. Annual Report of the Chemical 
Examiner for 1922. By Crtve Newcoms. Madras 1923. pp. 12. 

O’Harra, B.M. A bibliography on the electrothermic metallurgy 
of zinc. (From the Univ. Missouri School of Mines and Metallurgy 
Bulletin, 1922, 6.) 

PARLIAMENTARY ReEpoRTS. Committee on Industrial Paints. 
Report of the Departmental Committee appointed to re-examine 
the danger of lead paints to workers in the painting trades and the 
comparative efficiency, cost, and effects on the health of workers, 
of lead and leadless paints. London 1923. pp. 66. 

Pianck, Max. The origin and development of the quantum 
theory: being the Nobel Prize address . . . 1920. ‘Translated by 
H. T. CLARKE and L. Smupersterm. Oxford 1922. pp. 23. 

Popg, Str Witt1AM Jackson. Matter and energy: being the 
Watt Anniversary Lecture delivered before the Greenock Philo- 
sophical Society on 12th January 1923. Greenock 1923. pp. 29. 

Ramsay MemoriaL Funp. Report, accounts, and list of sub- 
seribers. 1916—1922. [London 1922.] pp. 35. 

RicHARDSON, WinLIAM PD. Science in the packing industry. 
Chicago 1923. [pp. 70.] 
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ScIENTIFIC AND INDUSTRIAL ReEsEARCH, Department of. De- 
jerioration of structures of timber, metal, and concrete exposed 
to the action of sea-water. Third (interim) report of the Com- 
mittee of the Institution of Civil Engineers. Edited by P. M. 
(ROSTHWAITE and GiLBeRT R. REDGRAVE. London 1923. pp. 
vi + 80. ill. 

—— Building Research Board. Heat transmission through walls, 
concretes and plasters: experiments carried out at the National 
Physical Laboratory by Ezeg GrirrirHs. London 1923. pp.iv + 
4, ill. 

— Food Investigation Board. Special Report No. 12. 
Brown heart—a functional disease of apples and pears. By 
FRANKLIN Kipp and Cyrit West. London 1923. pp. x + 54. ill. 

od Special Report No. 13. Studies in sweetened and 
unsweetened (evaporated) condensed milk. By Wit11am GEORGE 
SavaGE and Roperick Francis Hunwicke. London 1923. pp. 
iv + 104. 

— Special Report No. 15 by the Engineering Committee. 
Insulated and refrigerator barges for the carriage of perishable 
foods. London 1923. pp. iv+ 21. ill. 

— Special Report No. 17. Mould growths upon cold- 
sore meat. By F. T. Brooxs and C. G. Hansrorp. London 
1923. pp. iv + 142. ill. 

— Fuel Research Board. Technical Paper No. 6. Com- 
parisons of some methods of running water-gas plant: a record of 
experiments at H.M. Fuel Research Station. By JAMES GRIEVE 
King and J. Fraser SHaw. London 1923. pp. iv + 29. ill. 

— Technical Paper No. 7. Preliminary experiments in 
the low-temperature carbonisation of coal in veptical retorts. 
london 1923. pp. 28. ill. 

SIMONSEN, JOHN LionEL. The constituents of some Indian 
essential oils. Parts VIII—X. (From the Indian Forest Records, 
1923, 9.) 

SinnatT, FRanK StuRDY, and SLATER, LeonarD. The deter- 
mination of carbon monoxide in vitiated air, including the analysis 
of mine gases. (Lancs. and Cheshire Coal Research Assoc. Bulletin 
No. 13.) London 1923. pp. 22. ill. 

Stock, Pumre GRAHAM, and MonreR-WILLIAMS, GoRDON WICK- 
HAM. Preliminary report on the use of hydrogen cyanide for fumig- 
ation purposes. (Ministry of Health Reports on Public Health 
and Medical Subjects. No. 19.) London 1923. pp. viii + 84. ill. 

SuDAN GOVERNMENT. Wellcome Tropical Research Laboratories, 
Khartoum. Report of the Government Chemist for the year 1922. 
Chemical Section—Publication No. 26. Khartoum [1923]. pp. 30. 
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THERIAULT, Emery J., and CuarRK, WILLIAM MANSFIELD. Ap 
experimental study of the relation of hydrogen ion concentrations 
to the formation of floc in alum solutions. (From the U.S. Public 
Health Reports, 1923, 38.) 

Unttep States. Department of Agriculture. Bulletin No. 1129, 
A physical and chemical study of milo and feterita kernels. By 
Grorce L. Brpwett, Leste E. Borst, and Jonn D. Bow tye, 
Washington 1923. pp. 8. 

Bulletin No. 1130. Significance of wheat hairs in 
microscopical examination of flour. By Grorce L. KEeEnay, 
Washington 1923. pp. 7. 

Bulletin No. 1146. The influence of copper sprays on 
the yield and composition of Irish potato tubers. By FRanx (,j 
Cook. Washington 1923. pp. 26. 

Department Bulletin No. 1147. Chemical, physical 
and insecticidal properties of arsenicals. By Frank C. Cook and 
N. E. McInpoo. Washington 1923. pp. 57. 

—— Bulletin No. 1158. Production of sirup from sweet 
potatoes. By Herpert C. Gore, H. C. REEsE, and J. O. Reep. 
Washington 1923. pp. 33. 

Department Bulletin No. 1168. Wearing qualities of 
shoe leathers. By FLeTcHeR PEARRE VerItcH, R. W. FREey, and 
I. D. CuarKe. Washington 1923. pp. 24. 

WASASTJERNA, JARL A. L’hydrolyse en solutions aqueuses de 
sulfhydrate de potassium. (From the Soc. Sci. Fennica Com. Phys.- 
Mat., 1923, 1.) 

On the radii of ions. (From the Soc. Sci. Fennica Com. 
Phys.-Mat., 1923, 1.) 

-—— On the refraction equivalents of ions and the structure of 
compound ions. (From the Soc. Sci. Fennica Com. Phys.-Mat., 
1923, 1.) 

—— Sur hydrolyse du monosulfure de potassium. (From the 
Soc. Sci. Fennica Com. Phys.-Mat., 1923, 1.) 

Wiuiams, Davyip Emrys, and James, THomas CAMPBELL. ‘The 
addition of hydrogen to acetylenic acids. (From Aberystwyth 
Studies, 1922, 4.) 

Wootwicu, Research Department. R. D. Report No. 22. (Part 
III.) The viscosity of cellulose. London 1923. pp. 8._ ill. 


PROCEEDINGS 


OF THH 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, December 6th, 1923, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of : 


Elected. Died. 
Sidney Knowles Muspratt Dec. 3rd, 1873 Nov. 30th, 1923 


Certificates were read for the first time in favour of : 


Reginald Graham Atkinson, A.R.C.S., 35, Heathdene Road, Streatham, 
S.W. 16. 

Thomas Etheired Wilby Browne, B.Sc., 26, York Street, Norwich. 

Francis Herbert Culverhouse Butler, B.A., A.1.C., South End, St. Cross, 
Winchester. 

Frederick William Jeffery Clendinnen, M.Sc., Carlton Brewery, Melbourne. 

Alan Rowland Cluer, B.Se., A.R.C.8., 36, Dunmore Road, Wimbledon, 
S.W. 20. 

Talati Dadabhai Cursedji, D.T.M., D.P.H., Baroda. 

Winifred Esther Dickes, B.Se., Eversley, Carlyle Road, Croydon. 

Sikhibhushan Dutt, 21, Cromwell Road, South Kensington, 8.W. 7. 

Ernest William Ewell, 37, Townwall Street, Dover. 

Maurice Duncan Farrow, B.Sc., A.R.C.S., 89, Windsor Road, Ilford. 

Roy William Harman, M.S8c., Netherend, Woodcroft Avenue, Mill Hill, 
N.W. 7. 

Eric Leighton Holmes, A.R.C.8., 58, St. George’s Square, 8.W. 1. 

Harry Graham Leigh, B.Sc., 46, Brent View Road, West Hendon, N.W. 9. 

Eva Rebecca Levy, 21, St. James’ Mansions, West Hampstead, N.W. 6. 

George Hazlewood Locket, B.A., Salmon’s Cross, Reigate. 

George M’Owan, B.Sc., Ph.D., Chattan House, St. Andrews. 

Walter Matthew Madgin, M.Sc., A.I.C., Armstrong College, Newcastle-on- 
Tyne. 

Andrew More, A.R.C.S., F.1.C., Ellesmere, King’s Road, Walton-on-Thames. 

John Rae, The Hollies, Thingwall Road, Wavertree. 

Harry Nathan Sher, B.Sc., A.R.C.S., 8, Cleve Road, Hampstead, N.W. 3. 

Charles William Shoppee, B.Sc., A.R.C.S., 38, Womersley Road, Crouch End, 
N. 8. 

Frank Harold Smith, M.A., Hazelbank, Beech Road, Reigate. 

Laurence Frederick Smith, B.Sc., A.R.C.S., 62, Robertson Road, Brighton. 
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Margaret Llewellyn Smith, 5, The Grove, Highgate, N. 6. 

Richard Leslie Swan, B.Sc., A.I.C., 221, Bedford Road, Rockferry. 
Sidney Thornley, M.Sc., 10, Kersal Avenue, Pendlebury, Manchester. 
Walter John Worboys, B.Sc., Lincoln College, Oxford. 


Dr. H. M. Atkinson and Dr. J. Kenyon were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


Gopaldas Dharmdas Advani, B.A., 
B.Sc. 

Edward Bertram Anderson. 

James Sinclair Standish Anderson. 

Yasuhiko Asahina, Dr.Pharm. 

Ernest Edgar Aynsley, B.Sc. 

Francis Harrold Banfield, B.Sc. 

Charles Rowan Barker. 

Geoffrey Gordon Barker, B.Sc. 

Charles Bateman. 

Louis Leighton Bircumshaw, B.A., 
M.Sc. 

Stanley Boulter, B.A. 

John Thomas Burdekin, B.Sc. 

John Herbert Bushill, M.Sc. 

Atmaram Chakravarti, B.Sc. 

Har Sahai Chaturvedi, B.Sc. 

Alfred Chick. 

Samuel Coffey, M.Sc., Ph.D., A.I.C. 

Prince Piero Ginori Conti. 

Edward Sackett Dewing. 

Moritz Adolf Dittmar, B.Se., Ph.D. 

James Joseph Doolan, B.Sc., A.I.C. 

The Rt. Hon. Viscount Exmouth. 

George Fearnley. 

George Thomas Randles Francis. 

Albert Thomas Fuller, B.Sc. 

Phani Bhusan Ganguly, M.Sc. 

Frank Leslie Garton, B.A., A.I.C. 

William Hans Gesell. 

Gustavus Charles Gidley. 

Dwarkanath V. Gogte, B.Sc. 

Stanley Evans Francis Gooding, B.A. 

Albert Green, B.Sc. 

Frank Charles Happold, B.Sc. 

Francis Wood Hardy, B.Sc. 

Alfred Thomas Healey. 

Stanley Thomas Henderson, B.A., 
B.Sc. 

Thomas Hopkins, M.Sc., F.I.C. 

John Reader Hosking. 

Julian Michael Samuel Jacobs, B.Sc. 


Bennett Alexander Jacobson. 

James Sowden Jennings, B.Sc. 

Albert Owen Jones, B.Sc. 

William Ross Kane, B.Sc. 

Arthur Nicholas Kerry. 

Digby Richard Lawson, M.A. 

William Clifford Lewis, B.Sc. 

Francis Lions, B.Sc. 

Robert Lissenborough. 

William Maw, B.Sc. 

Cecil John May. 

Henry Compton Mills, B.A., B.Sc. 

Pasupu K. Rajamanikkam Naidu. 

Donald Powell. 

Sudhindranarayan Ray, M.Sc. 

Henry Oates Richardson. 

Neil Gillies Ross. 

James Rushworth. 

Charles Dudley Ryder. 

Ernest Goulding Sharp. 

Junzo Shinoda. 

William Henry Sims. 

Kishen Singh, B.Sc. 

James Muir Smith, B.Sc. 

Harold Roberts Stevens, B.A. 

John George Sutherland, B.Sc. 

Colin Kenneth Taylor, B.A, 

Shoichi, Terada, B.Pharm. 

William Pearson Tervet. 

Russell Gibson Thin, B.Sc., A.I.C. 

William Trick Thorne. 

Arthur James Edward Thornton. 

Margaret Grosvenor Tomkinson, 
D.-és-Se. 

Percival Elisha Turner, B.Sc., A.1.C. 

Leslie Ernest Wakeford. 

Oswald James Walker, B.Sc. 

Lionel O. P. Walsh. 

Isaac Ephraim Weber, B.Sc. 

Frank William Witcombe. 

Donald Whitley Woodhead, B.Sc. 
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The following papers were read : 


“The additive formation of four-membered rings. Part III. A 
system of nomenclature for heterocyclic four-membered rings 
and the formation and properties of some derivatives of 
@-methylenedi-imineoxide.” By C. K. INGoLD. 

“The dependence of polarisation-overvoltage on hydroxyl and 
hydrogen-ion concentration. Part I. Polarisation-overvoltage 
of an antimony cathode in aqueous alkaline solution.” By 
H. J. 8. Sanp and E. J. WEEKs. 

“ Stereoisomerism and local anesthetic action in the {-eucaine 
group. Resolution of B- and iso-B-eucaine.”’ By H. Kine. 

“g.Alizarin. An isomeric form of alizarin.’’ By A. GREEN. 

“The isomerism of the oximes. Part XV. The supposed fourth 
benzildioxime.” By O. L. Brapy and F. P. Dunn. 

“The alternation in the heats of crystallisation of the normal 
monobasic fatty acids.” By W. E. Garner and F. C. 
RANDALL. 


Ordinary Scientific Meeting, Thursday, December 20th, 1923, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
PE MUNA... cn insuscoanngapiecudanbnnseesanisies Mar. 18th, 1869 Dec. 18th, 1923 
pe Be, a Dec. Ist, 1910 Oct. 31st, 1923 


The President announced that at the Council meeting held that 
afternoon the following resolutions had been unanimously passed : 


1. The Council desires to congratulate Professor G. D. Liveing 
on the completion on the 21st November, 1923, of his 70 years 
of Fellowship, and to convey to him an expression of its warm 
wishes for his happiness in the coming year. It requests Professor 
Lowry, Dr. McCombie and Dr. Mills, Members of the Council, to 
wait on Professor Liveing to-morrow on the occasion of his 96th 
birthday to convey the Society’s congratulations and good wishes. 

2. The Council accepts with profound regret the resignation of 
Mr. John Greenaway as Editor, and desires to place on record its 
high appreciation of the eminent services he has rendered to the 
Society and to the science of chemistry in general during the period 
with which he has been connected with the Society’s publications. 
The Council sincerely trusts that, his health may be completely 
restored and that he may be spared many years to enjoy the 
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happiness and leisure to which his unselfish work in the interests 
of our science so richly entitles him. 


It was also announced that the Harrison Memorial Prize Selection 
Committee, consisting of the Presidents of The Chemical Society, 
The Institute of Chemistry, The Society of Chemical Industry, and 
the Pharmaceutical Society, had unanimously resolved that no 
award of the Harrison Memorial Prize be made for 1923. 


Certificates were read for the first time in favour of : 


Harold John Channon, B.A., B.Sc., 28, Glenhouse Road, Eltham, 8.E. 9. 

George Duncan Crosley, 134, Cranbrook Road, Ilford. 

Henry George Denham, M.A., D.Sc., Ph.D., Canterbury College, Christchurch, 
New Zealand 

Charles Richmond Featherstone, B.A., Clifton Rise, York. 

Oscar Adolf Mendelsohn, B.Sc., 85, Collins Street, Melbourne. 

David Doig Pratt, 57, Barlow Moor Road, Didsbury, Manchester. 

Alfred Scholes, F.I.C., Alma House, Junction Road, Norton, Stockton-on- 
Tees. 

Masuzo Shikata, c/o Mrs. Bloman, 261, BaSta sv. Ji¥i, Prague IV. 

William Arthur Silvester, M.Sc., 10, Moxley Road, Crumpsall, Manchester. 

Frederick Arnold Stead, 11, Queen’s Terrace, Middlesbrough. 

George Taylor, A.I.C., Brook Cottage, Matlock Green, Derbyshire. 

3ryan Topley, B.A., 104, Park Lane, Croydon. 

Emily Gertrude Turner, M.Sc., 2, Steel Bank Villas, Commonside, Sheffield. 

John Weir, M.A., B.Se., Ph.D., F.1.C., Nobel’s Explosives Co., Ltd., Ardeer 
Factory, Stevenston. 

Frank Archer Williams, B.Sc., 27, Cotswold Road, Westcliff-on-Sea. 


A Certificate has been authorised by the Council for presentation 
to ballot under Bye-Law I (2) in favour of : 


Lionel Lazarus, 18, Crart Street, Durban, Natal. 


The following papers were read : 


“The relation between the glow of phosphorus and the formation 

of ozone.” By W. E. Downey. 

The origin of mutarotation and the mechanism of isomeric change. 
A reply to Baker, Ingold, and Thorpe.” By T. M. Lowry. 
“The action of inorganic haloids on organo-metallic compounds.” 

By F. CHALLENGER and F. Prircuarp. 

“ Organo-derivatives of bismuth. Part VII. Iodo- and _nitro- 
derivatives of triphenylbismuthine.” By J. F. Wiix1nson 
and F. CHALLENGER. 

“ Migration of groups in derivatives of benzoin and desylamine.” 
By A. McKenziz and R. Rocer. 
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ORDINARY SCIENTIFIC MEETING. 
The next Ordinary Scientific Meeting will be held on Thursday, 
January 17th, 1924, at 8 p.m. 


List of Papers received between November 16th and December 
th, 1923. (This List does not include the titles of papers which 
have been read at a Scientific Meeting, or which have appeared 
in the Transactions.) 

“Nitrochlorobenzenes and thiocarbamides.” By J. TAyLor and 
A. E. Dixon. 

“Diazonium tetrachloroiodides.” By F. D. Cuarraway and 
F, L. Garton. 

“Piperitone. Part VII. The constitution of piperitone.” By 
J. Reap, H. G. Smita, and R. 8. HuGHEsDON. 

“The preparation of 2-nitro- and of 4-nitro-l-naphthol.” By 
H. H. Hopeson and E. KiLner, 

“Alkaline reduction of the carbon tetrahalides.” By R. O. 
GRIFFITH and L. HUNTER. 

“The reduction of the mono-halogenated phenols.” By J. B. 
SHOESMITH and R. H. SLATER. 

“Polarity effects in the isomeric w-bromotoluic acids.” By J. B. 
SHOESMITH and A, C. HETHERINGTON. 

“ Quantitative reduction by hydriodic acid of halogenated malony] 
derivatives. Part III. A study of the mechanism of the 
reaction.” By R. W. West. 

“The quantitative character of the interaction of glucose and 
phenylhydrazine.” By E. Knecut and F. P. THompson. 
“The system antimonious oxide-hydrochloric acid-water.” By 

C. Lea and J. K. Woop. 

“The application of Hoesch’s synthesis to the preparation of 
2:4:2’:4’-tetrahydroxybenzophenone.” By J. B. SHokE- 
SMITH and J, HALDANE. 

“The promoter action of palladium on copper. Part I. Catalytic 
combustion.” By W. W. Hurst and E. K. RIpEAL. 

“The constitution of Kojic acid, a y-pyrone derivative formed by 
Aspergillus oryze from carbohydrates.” By T, Yasura. 
“Synthesis of cyclic polysulphides. Part I. Condensation of 
dithioethylene glycol with benzal chloride.” By P. C. RAy. 

“A synthesis of pyrylium salts of anthocyanidin type. Part III. 
A new synthesis of pelargonidin chloride.’ By D. D. Pratt 
and R. Ropryson. 

“A synthesis of pyrylium salts of anthocyanidin type. Part IV. 
Flavylium salts related to chrysin, apigenin, and luteolin.” 
By D. D. Pratt, R. Rosprnson, and P. N. WixiiaMs. 
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“Some derivatives of benzopyrylium.” By R. RoBInson and 
(in part), H. G. Crastrer, C. K. Das, W. Lawson, R. W. 
Lunt, B. H. Roperts, and P. N. WILLiAMs. 

“ Some benzopyrylium salts.” L. R. Ripaway and R. Rosrnsoy, 

“ A note on the synthesis of the higher monoalkylmalonic acids.” 
By G. M. Rosrnson. 

“A note on the prevention of ‘bumping’ during vacuum dis. 
tillation.” By H. G. Becker. 

“The labile nature of the halogen atom in organic compounds, 
Part XI. The action of hydrazine on the halogen derivatives 
of malonamides, and of acetoacetic esters.” By E. L. Hirst, 
A. K. Macseta, and D. TRAILL. 

‘“ Harmine and harmaline. Part VIII. The constitution of certain 
harmaline derivatives.” By H. Nisnrkawa, W. H. Perxry, 
and R. Rosrnson. 

‘The correlation of additive reactions with tautomeric change. 
Part II. The aldol reaction. The effect of homology on 
reversibility in relation to the stability of carbon structures.” 
By E. H. Incoxp. 

“The action of sulphur on amines. Part III. para-Chloro- 
aniline.” By H. H. Hopeson and J. H. Wirson. 

‘““ Device for gas-heated thermostats.” By W. Murray. 

“The interaction of acetoacetic ester with ortho-hydroxystyryl 
ketones.” By T. A. Forster and I. M. Hemsron. 

“ Reduction products of the hydroxy-anthraquinone. Part IV.” 
By J. W. E. Haver and A. G. PERKIN. 

“The unimolecular decomposition of phosphine.” By C. N. 
HINSHELWOOD and B. ToPuey. 

“The chemistry of lignin. Part I. Flax lignin and some deriv- 
atives.”” By W. J. Powrett and H. WHITTAKER. 

“The constitution of disulphoxides. Part I.” By 8. Smizes and 
D. T. Gipson. 

“Dyes derived from acenaphthenequinone.” By A. C. Srrcar 
and 8. K. Guua. 

“The promoter action of palladium on copper. Part II. The 
adsorption of hydrogen and carbon monoxide.” By W. W. 
Hurst and E. K. Ripeat. 

“ Studies on the dolomite system.” By H. L. J. BAckstrém. 

“The additive formation of four-membered rings. Part IV. The 
influence of temperature on the tendency towards self-addition 
of the nitroso-group.” By C. K. Incoup and H. A. Piccort. 

‘* Studies on hypophosphorous acid. Part VI. Its reaction with 
chromic acid.” By A. D. MitcHE tt. 

The catalytic effects of the oxides of cerium and thorium, and 
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their bearing on the theory of the Welsbach mantle.” By 
R. L. Swan. 

“Tntermittent current electrolysis. Part III. The measurement 
of overvoltage.” By S. GLAssTonE. 

“The oxime of mesoxamide (isonitrosomalonamide) and some 
allied compounds. Part V. Structural and stereoisomeric 
methyl ethers of the p-tolyl derivatives.” By A. PLowMaAN 
and M. A. WHITELEY. 

“A new method of synthesis of thiocarbohydrazide : mono- and 
dithio-paraurazine.” By P. C. Guna and §. C. De. 

“Germanium. Part I. The mineral germanite and the extraction 
of germanium and gallium therefrom.” By J. 8. Tuomas and 
W. Puau. 

“The relative reactivities of the substituted sodio-acetoacetic 
esters with ethyl iodide.” By C. A. Barriert, J. J. CREAsy, 
and R. E. MrrcHeE.t. 

“The isomerism of the oximes. Part XVI. The action of ultra- 
violet light on oximes and their derivatives.” By O. L. 
Brapy and G. P. McHveu. 

“The transference numbers, and the derived ionic complexity of 
hydrofluoric acid solutions.” By C. W. Davirs and L. J. 
HUDLESTON. 

“Migration of groups in derivatives of benzoin and desylamine.”’ 
By A. McKenziz and R. Roger. 

“ Fractional crystallisation of common lead.”” By R. H. ATKINSON. 

“A suggested explanation of the allotropic transformations of 
iron.” By R. H. ATKrnson. 

“The effect of small alternating currents on polarised electrodes.” 
By S. GLassToneE. 

“Note on the influence of intermittent current on overvoltage.” 
By S. GLassToNeE. 

“The colour and constitution of the cobaltous compounds.” By 
R. Hitz and O. R. How tt. 

“ Contraction on solution.” By J. N. Raxsurr. 

“ Some binary systems composed of acetic acid and the homologues 
of aniline.’ By E. A. O'Connor. 

“The properties of ammonium nitrate. Part VII. The reciprocal 
salt pair ammonium nitrate and sodium sulphate.” By 
E. P. Penman and W. R. Harrison. 

“The mechanism of E. Fischer’s synthesis of indoles and an 
example of the application of the method to the preparation 
of a pyrindole derivative.’ By G. M. Rosinson and R. 
ROBINSON. 

“ Researches on residual affinity and co-ordination. Part XVII. 
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Stannic derivatives of 6-diketones.” By G. T. Moraan an 

: H. D. K. Drew. 

“ The activity of water in aqueous hydrochloric acid.” By H. J. 2, 
Dosson and I. Masson. 

‘A convenient form of a flask in organic chemical laboratories,” 
By A. SHIMOMURA. 

‘“ Diphenyl series. Part I. Action of acid anhydrides on ben. 
idine.” By A. SHmmomuRa. 

“The rhythmic crystallisation of undecoic acid.” By W. E. 
GARNER and F. C. RANDALL. 

“ The velocity of oxidation of paraffin wax.” By F. Francis, ete, 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


ConHEeN, JULIUS BrRenp. Organic chemistry for advanced 
students. 4th edition. 3 vols. London 1923. pp. viii + 424, 
viii + 462, viii-+ 412. ill. 54s. net. (Recd. 20/11/23.) 
From the Publishers : Messrs. Edward Arnold & Co. 
GuicHARD, Marcet. Conférences sur les métaux. 3rd edition, 
Paris [1923]. pp. xxx +- 356. ill. 30°fr. net. (Recd. 26/11/23.) 
From the Publishers : MM. Gauthier-Villars et Cie. 
Institut PoLYTECHNIQUE A IVANOVO-VOSNIESENSK. Bulletin. 
Vol. 4, etc., Ivanovo-Vosniesensk 1922+. (Reference.) [In 
Russian. ] From the Institute. 
Kuster, FrRrepRIcH WILHELM, and TareL, ALFRED. Lehrbuch 
der allgemeinen, physikalischen und theoretischen Chemie in 
elementarer Darstellung fiir Chemiker, Mediziner, Botaniker. 
Geologen und Mineralogen. Vol. II. Edited by Atrrep THIEL. 
Heidelberg 1923. pp. x + [758]. ill. (Recd. 3/12/23.) 
From the Publisher : Herr Carl Winter 
Lurr, BERNARD DunsTAN WILKINSON. The chemistry of rubber. 
| London 1923. pp. xii + 232. ill. 25s. net. (Reed. 15/11/23.) 
From the Publishers : Messrs. Ernest Benn. 
Nicot, E. W. L. Coke and its uses: in relation to smoke pre- 
vention and fuel economy. London 1923. pp. xii + 134. ill. 
19s. 6d. net. (Recd. 30/11/23.) 
From the Publishers : Messrs. Ernest Benn. 
RECHENBERG, CARL von. LEinfache und fraktionierte Destil- 
lation in Theorie und Praxis. Miltitz bei Leipzig 1923. pp. xvi + 
814, ill. (Recd. 3/12/23.) 
From the Publishers: Herrn Schimmel & Co. 
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ADDITIONS TO THE LIBRARY OF THE CHEMICAL 
SOCIETY DURING THE YEAR 1922. 


ABDERHALDEN, Emm. Handbuch der biologischen Arbeits- 
methoden. Abt.I. Chemische Methoden. Abt.IV. Angewandte 
chemische und physikalische Methoden. Berlin 1921-+-. 

AcTuALIT&s DE CHIMIE CONTEMPORAINE. Publiées sous la 
direction de A. Hatuer. Ist series. Paris 1922. pp. viii + 326. 
ill. 

Apams, Roger. See ORGANIC SYNTHESES. 

ApoteH, Witt1am H. See Tsao, Hur Cuun. 

AGRICULTURAL LEDGER. Calcutta 1892—1912. (Reference.) 

Am Mruistry. Meteorological Office. Advisory Committee on 
Atmospheric Pollution. Report on observations in the year 
ending March 31st, 1921. Forming the seventh report of the 
Committee for the Investigation of Atmospheric Pollution. London 
1922. pp. 31. ill. 

AtBERTA. Scientific and Research Council. Second annual 
report. Edmonton 1922. pp. 86. ill. 

ALEXANDER, ExvizaBETH H. A bibliography of John Ferguson. 
(From the J'rans. Glasgow Bibliographical Soc., with alterations.) 
1920. ill. 

Atten, A. W. See Jutian, H. Forszs. 

AMERICAN INSTITUTE OF Bakrna. Bulletin No.8. The diastatic 
enzymes of wheat flour and their relation to flour strength. By 
Lovys A. Rumsry. 1922. pp. 86. ill. 

Bulletin No. 9. Flour strength as influenced by the 
addition of diastatic ferments. By Ferprvanp A. CoLnatz. 1922. 
pp. 74. ill. 

Anscuttz, RicHARD. See RICHTER, VICTOR VON. 

ARCHIVIO DI FaRMACOLOGIA SPERIMENTALE E SCIENZE AFFINI. 
Year XVIII, Vol. XXVII, etc. Siena 1919+. (Reference.) 

ArnauD, D., and Francue, G. Manuel de céramique indus- 
trielle. 2nd edition. Paris 1922. pp. x + 642. ill. 

ARRHENIUS, Svante. Aus meiner Jugendzeit. Leipzig 1913. 
pp. 18. 

ASSOCIATION OF BRITISH CHEMICAL MANUFACTURERS and BRITISH 
CuemicaL PLant Manuracturers’ Association. Joint Research 
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Committee on Chemical Plant. Report of sub-committee for 
standardisation of jacketted pans. [London 1922.] pp. 14. ill. 

ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Official and 
tentative methods of analysis. 2nd edition, revised to November 
1,1919. Washington, D.C. 1921. pp. xii+ 418. ill. 

Aston, Franois Wixt1AM. Isotopes. London 1922. pp. viii+ 
152. ill. 

Bacon, Raymonp Foss, and Hamor, Writ1iam ALLzy, 
[Editors.] American fuels. 2 vols. New York 1922. pp. 
x + 628, vi, 629—1258. ill. 

BaGNaLi, JoHN N. See Dupitry, Dun. 

Battey, E. H.S. A dietary study of some Kansas institutions 
under the control of the State Board of Health. Lawrence, Kansas 
1921. pp. 70. 

BALLANTYNE, Horatio. See INSTITUTE OF CHEMISTRY OF 
GREAT BRITAIN AND IRELAND. 

BARKER, ALDRED FARRER, and Mipatey, Esper. Analysis of 
woven fabrics. 2nd edition. London 1922. pp. xvi + 322. ill. 

BARKER, ALDRED FARRER [and others]. Textiles. Revised 
edition. London 1922. pp. xii + 386. ill. 

BaRkeR, THomas VIPOND. Graphic and tabular methods in 
crystallography as the foundation of a new system of practice: 
with a multiple tangent table and a 5-figure table of natural 
cotangents. London [1922]. pp. xvi+ 152. ill. 

Bavupiscu, Oskar. See CHAPMAN, ALFRED CHASTON. 

BavEr, K. H. Analytische Chemie der Alkaloide. Berlin 1921. 
pp. vi + 425. ill. 

Bemipy, Sir Grorecr. Aggregation and flow of solids: being 
the records of an experimental study of the micro-structure and 


' physica! properties of solids in various states of aggregation. 1900- | 


1921. London 1921. pp. xvi + 256. + xxxiv plates. 

BeEtalEw, NicHotas Trmotuy. Heat treatment of steel. (From 
the Russian Economist, 1922, 2.) 

Henry Marion Howe (1848—1922). (From the Russian 
Economist, 1922, 2.) ill. 

BENNEJEANT, CHARLES. See Bott, MARCEL. 

Bert, Ernst. See CuEemiscH-TECHNISCHE UNTERSUCHUNGS- 
METHODEN. 

BERNTHSEN, August. A textbook of organic chemistry. New 
edition, revised to date. By Jonn JoserH SupBorovGcH. London 
1922. pp. xvi + 908. 

Bevis, Miss J. F. See Wricut, ALLISTER MacLean. 

BineuaM, Eveenz C. Fluidity and plasticity. New York 
1922, pp. xii+ 440, ill, 
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Biocu, Ianaz. See DrutscHE CHEMISCHE GESELLSCHAFT. 

Boprorss, SveN. Die Aethylenoxyde. Ihre Darstellung und 
Kigenschaften. (Sammlung, Vol. XXVI.) Stuttgart 1920. 

BécKMANN, FRrepRicH. Celluloid: its raw material, manufac- 
ture, properties and uses. 2nd English edition, translated from 
the 3rd German edition by HERBERT BIRTWHISTLE Stocks. London 
1921. pp. viii + 188. ill. 

Bocur, Ropert Herman. The chemistry and technology of 
gelatin and glue. New York 1922. pp. xii + 644. ill. 

Bott, MARCEL, and BENNEJEANT, CHARLES. Chimie des métaux 
et métallurgie dentaires. Paris 1922. pp. xii + 252. ill. 

Braver, Apoutr. See ForRTSCHRITTE IN DER ANORGANISCH- 
CHEMISCHEN INDUSTRIE. 

Brenp, Witit1am A. See Mann, Joun Dixon. 

BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. A 
retrospect 1831—1921. By O. J. R. Howarrs. London 1922. 
pp. vili-+ 318. ill. (Reference.) 

— Fourth report on colloid chemistry. London 1922. 
pp. 382. 

British CHEMICAL PLANT MANUFACTURERS’ ASSOCIATION. 
See ASSOCIATION OF BriTISH CHEMICAL MANUFACTURERS. 

BritisH Corton Inpustry RresEarcu Association. The Shirley 
Institute. [Didsbury] 1922. pp. 22. ill. 

Brooks, BrensamMiIn TauBort. The chemistry of the non- 
benzenoid hydrocarbons and their simple derivatives. New 
York 1922. pp. 612. ill. 

BupowskI, I. Die Naphthensdiuren. Berlin 1922. pp. vi+ 
116. ill. 

Carin, JoHN CANNELL. The manufacture of dyes. London 1922. 
pp. x + 274. 

CANADIAN INSTITUTE OF CHEMISTRY. [History, etc.] Montreal 
[1922]. pp. 56. ill. 

Cuamot, Emme Monnin. Elementary chemical microscopy. 
2nd edition. New York 1921. pp. xvi + 480. ill. 

CHAPMAN, ALFRED CuastTon. Einige Fortschritte auf dem 
Gebiete der analytischen Chemie. Translated by Oskar BauDIScH. 
(Sammlung, Vol. XXVI.) Stuttgart 1921. 

CHEMICAL ENGINEERING AND THE WorRKS CHEMIST. Vols. I—V. 
Dover 1911—1915. (Reference.) 

CuEmicaL Socrety. Notes on the furnishing and equipment of 
chemical laboratories. London 1921. pp. 11. 

CHEMIKER-KALENDER 1922. Edited by WALTHER Rotu. Year 
34. 2 vols. Berlin 1922. (Reference.) 

CHEMISCH-TECHNISCHE UNTERSUCHUNGSMETHODEN. ‘7th edition. 
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Edited by Ernst Beri. Vol. I. etc., Berlin 1921+. ill. (Refer. 
ence.) 

CLaRK, WitL1AM MansFIELD. The determination of hydrogen 
ions. 2nd edition. Baltimore 1922. pp. 480. ill. 

CLARKE, ALBERT. Coal-tar colours in the decorative industries, 
London 1922. pp. xiv + 166. 

CLARKE, Hans TuHacHuer. See Mexrs, CHARLES Epwarp 
KENNETH. 

See ORGANIC SYNTHESES. 

CoLLATz, FERDINAND A. See AMERICAN INSTITUTE OF BaAkING, 

Comith Des ForaEs DE FRANCE. See REVUE DE METALLURGIE. 

CoNANT, JAMES Bryant. See ORGANIC SYNTHESES. 

CoRNUBERT, R. Dictionnaire Anglais-Frangais-Allemand: de 
mots et locutions intéressant la physique et la chimie. Paris 1922. 
pp. xxxii + 298. (Reference.) 

Crompton, Hoxtzianp. Nebular zones and the formation of 
planets. [London 1921.] pp. 19. 

CROSTHWAITE, P.M. See ScrENTIFIC AND INDUSTRIAL RESEARCH. 

Daxin, Henry DrRyspALze. Oxidations and reductions in the 
animal body. 2nd edition. London 1922. pp. x +176. 

D’Ans, JOHANNES. See FORTSCHRITTE IN DER ANORGANISCH- 
CHEMISCHEN INDUSTRIE. 

Davis, ARTHUR CHARLES. Manufacture of Portland cement. 3rd 
edition. Dublin 1922. pp. xiv + 416. ill. 

Day, Davip T. [and others]. A handbook of the petroleum 
industry. 2 vols. New York 1922. pp. x + 964, vi-+ 1006. ill. 

DeEERR, Noi. Cane sugar: a textbook on the agriculture of 
the sugar cane, the manufacture of cane sugar, and the analysis 
of sugar-house products. 2nd edition. London 1921. pp. viii + 
644. ill. 

DenuaM, Henry Gzorce. An inorganic chemistry. London 
1922. pp. viii + 684. ill. 

Descour, L. Pasteur and his work. Translated by A. F. 
Wepp and B. H. Wepp. London [1922]. pp. 256. ill. 

DEUTSCHE CHEMISCHE GESELLSCHAFT. Chemisches Zentralblatt. 
Generalregister IV, 1912-1916. Edited by Ienaz Biocu. Leipzig 
1921. pp. vi+ 2016. (Reference.) 

DineterRs PoLyTECHNISCHES JOURNAL. Vols. CCIX—CCLVI. 
Stuttgart 1876—1885. (For Circulation.) [Wanting Vol. CCXXXV.] 

DonatH, EpuarpD, and LissngR, A. Kohle und Erdél. (Samm- 
lung, Vol. XXVI.) Stuttgart 1920. 

Dupin, Harry E. See FunxK, CASIMIR. 

Ductaux, Jacques. Les colloides. 2nd edition. Paris 1922. 


pp. x + 306. 
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DupLEyY, Dup, and others. Mettallum Martis: or iron made 
with pit-coale, sea-coale, etc., 1665. A treatise of metallica. By 
Jonn Rovenzon, 1613. Metallica, or the treatise of metallica. 
By Srmon Sturtevant, 1612. [Edited by Jonn N. Baawatu. 
Wolverhampton 1854.] pp. xix+ 43, ii+ 30, tii+120. ill. 
(Reference.) 

Ersstetn, ALBERT. Untersuchungen tiber die Theorie der 
“Brownschen Bewegung.” Edited by R. Fitrru. (Ostwald’s 
Klassiker, No. 199.) Leipzig 1922. pp. 72. ill. 

Enna, Frnt G. A. See GRASSER, GEORG. 

ErHRaAIM, Fritz. Anorganische Chemie: ein Lehrbuch zum 
Weiterstudium und zum MHandgebrauch. Dresden 1922. pp. 
viii ++ 727. 

EXPERIMENT STATION REcorD. See UntreD StarEs. DeEPArrt- 
MENT OF AGRICULTURE. 

Fark, KaurmMan GrorGe. Catalytic action. New York 1922. 

. 172. 
ideas DES INDUSTRIES CHIMIQUES DE BELGIQUE. 
Bulletin. Vol. I., etc. Gand 1921+. [Issued with the Bull. 
Soc. Chim. Belg.] (Reference.) 

FERGUSON, JOHN. See ALEXANDER, ELIZABETH H. 

FiscHeR, Emm. Aus meinem Leben. Berlin 1922. pp. vi + 
22. ill. 

—— Untersuchungen tiber Kohlenhydrate und Fermente. 
I. (1908—1919.) Berlin 1922. pp. x + 534. 

FiscHER, FERDINAND. Kraftgas: Theorie und Praxis der 
Vergasung fester Brennstoffe. 2nd edition. Edited by J. Gwospz. 
(Chem. Tech. in Einzeldarstellungen.) Leipzig 1921. pp. viii + 
428. ill. 

FIsHENDEN, MARGARET WHITE. See SCIENTIFIC AND INDUSTRIAL 
ResEARCH. Fuel Research Board. 

Fopor, Anpor. Das Fermentproblem. Dresden 1922. pp. 


F. §x+ 280. ill. 

ForRSTER, Fritz. Elektrochemie wasseriger Lésungen. 3rd 
att. Medition. Leipzig 1922. pp. xx + 900. ill. 
zig @ Foorn, Paut D., and Mouter, F. L. The origin of spectra. 


New York 1922. pp. 250. ill. 
FoRTSCHRITTE IN DER ANORGANISCH-CHEMISCHEN INDUSTRIE : 
an Hand der Deutschen Reichs-Patente dargestellt. Edited by 
ApotF BrAvER and JOHANNES D’Ans. Vol. I, 1877-1917, etc. 
Berlin 1921 +. ill. (Reference.) 
FournEav, Ernest. Préparation des médicaments organiques. 
Paris 1921. pp. viii + 350. 
FOURNIER D’ALBE, EDMUND EDWARD. See RICHTER, VICTOR VON. 
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Francue, G. Seé Arnanp, D. 

Frienp, Joun Newton. The chemistry of combustion. London 
1922. pp. viii+ 110. ill. 

[Fritz, Jonun.] The John Fritz Medal. [2nd edition. New 
York 1922.] pp. 128. ill. 

Fucus, WatteR. Der gegenwartige Stand des Garungsproblems, 
(Sammlung, Vol. XXVII.) Stuttgart 1922. (Reference.) 

FuEL IN SCIENCE AND Practice. A journal of the scientific and 
economic use of fuels. (Being the Record of the Coal Research 
Club.) Vol. I, ete. London 1922+. ill. (Reference.) 

Firru, R. See Erysrern, ALBERT. 

Funk, Castuir. The vitamines. Translated from the 2nd 
German edition by Harry E. Dusin. Baltimore 1922. pp. 502. 
ill. 

GattEerossk, J. See Garrerossk, R. M. 

Gattrrossh, R. M., and Garrrrossf, J. Nouveaux parfums 
synthétiques. Lyon 1921. pp. 208. ill. 

GILDEMEISTER, EpvuarRD, and HorrMann, FrieprRicH. The 
volatile oils. 2nd edition, translated by EpwaRpD Kremers. Vol. III. 
London 1922. pp. xx + 778. ill. 

GLAZEBROOK, Sir Ricwarp. [Editor.] A dictionary of applied 
physics. Vol. I., etc. London 1922+. ill. (Reference.) 

GoLpDsMITH, JoHN NatsH. See KAanTHACK, R. 

Gow, Cotrn CLARENCE. The electro-metallurgy of steel. Lon- 
don 1921. pp. xvi+ 351. ill. 

GraFre, Viktor. Chemie der Pflanzenzelle. Berlin 1922. pp. 
viii + 421. ill. 

GrassER, Grorc. Synthetic tannins: their synthesis, in- 
dustrial production, and application. Translated by Frnt G. A. 
Enna. London 1922. pp. viii + 143. 

GRIFFITHS, EzeR. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Fuel Research Board. 

GrirritHs, HucH. Materials of chemical plant construction— 
non-metals. London 1922. pp. 64. ill. 

The general principles of chemical engineering design. 
London 1922. pp. 64. ill. 

GRIFFITHS, JENKYN. See ILLINGWORTH, STEWART Roy. 

GrRossMANN, HERMANN, and WREscuNER, Marie. Die anomale 
Rotationsdispersion. (Sammlung, Vol. XXVI.) Stuttgart 1921. 

GuritetT, Lion, and PortEvin, ALBERT. An introduction to 
the study of metallography and macrography. Translated by 
LEONARD TaRVENER. London 1922. pp. xvi + 290. ill. 

GwospZ, J. See FiscHeR, FERDINAND. 

Haas, Pavt, and Hiri, THomas Grores. An introduction to 
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the chemistry of plant products. Vol. II. London 1922. pp. 
viii + 140. ill. 

Hacky, Ineo W. D. Chemical reactions and their equations. 
Philadelphia 1922. pp. viii + 138. ill. 

Hacksritt, Lovis. L’azote: la fixation de l’azote atmo- 
sphérique et son avenir industriel. Paris 1922. pp. xii + 272. 
ill. 
HADFIELD, Sir Rosert Apsott. The work and position of the 
metallurgical chemist, also references to Sheffield and its place in 
metallurgy. An address. [London 1921.] pp. 97. ill. 

Haun, Dorotny A. See HENRICH, FERDINAND. 

Haun, FRIEDRICH-VINCENZ VON. Ueber die Herstellung und 
Stabilitaét kolloider Lésungen anorganischer Stoffe. (Mit besonderer 
Beriicksichtigung der Sulfidsole.) (Sammlung, Vol. X XVI.) Stutt- 
gart 1922. 

Hate, ARTHUR JAMES. Modern chemistry, pure and applied. 
Vols. 1V & V. London [1922]. pp. viii + 280, viii+ 280. ill. 

Hatt, Wiz11am T. See TREADWELL, FREDERICK PEARSON. 

Hatter, A. See ACTUALITES DE CHIMIE CONTEMPORAINE. 

Hamor, Witt1am ALLEN. See Bacon, Raymonp Foss. 

Harvey, LEONARD C. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Fuel Research Board. 

HatscHEK, Emiu. An introduction to the physics and chemistry 
of colloids. 4th edition. London 1922. pp. xiv-+ 172. ill. 

Havuspine, A. See ScreENTIFIC AND INDUSTRIAL RESEARCH. 
Fuel Research Board. 

HenRICH, FERDINAND. Theories of organic chemistry. Trans- 
lated from the revised 4th German edition of 1921 by Treat 
BALDWIN JOHNSON and Dorotuy A. Haun. New York 1922. 
pp. xvi + 604. ill. 

Hicks, WitL1aAM Miroutnson. A treatise on the analysis of 
spectra : based on an essay to which the Adams prize was awarded 
in 1921. Cambridge 1922. pp. viii + 326. ill. 

Hicains, Sypnry Hersert. Bleaching: being a résumé of 
the important researches on the industry published during the 
years 1908—1920. Manchester 1921. pp. viii + 138. 

Hiprron, THomas Prroy. A concise history of chemistry. 
2nd edition. London [1922]. pp. xii + 276. 

Hitt, THomas Groran. See Haas, Pavt. 

Hirscu, Paut. Die Einwirkung von Mikroorganismen auf die 
Hiweisskérper. (Biochemie in Kinzeldarstellungen. IV.) Berlin 
1918. pp. x + 256. ill. 

Hopeson, THomas Recinatp. See Purvis, JouN EpWwaRD. 

Héser, Rupour. Physikalische Chemie der Zelle und der 
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Gewebe. 5th edition. [Part I.] Leipzig 1922. pp. xvi + 544. 
ill. 

Hérer, Jonannes. Die Fabrikation kiinstlicher plastischer 
Massen sowie der kiinstlichen Steine, Kunststeine, Stein- und 
Zementgiisse. 4th edition. Wien 1921. pp. xii + 366. ill. 

HoFrFrMANN, FRIEDRICH. See GILDEMEISTER, EDUARD. 

Horman, Heryricu Oscar. Metallurgy of zinc and cadmium, 
New York 1922. pp. xii+ 342. ill. 

Hotmses, Harry N. Laboratory manual of colloid chemistry. 
New York 1922. pp. xii + 128. 

Howanrtu, O. J. R. See British ASSOCIATION FOR THE ADVANCE. 
MENT OF SCIENCE. 

Hower, Henry Marion. See Benarew, Nicnoias Trmoray. 

Hucues, Wiiwram Earu. See SoreENTIFIC AND INDUSTRIAL 
RESEARCH. 

Hurst, GeorcrE H. Soaps: a practical manual on the manu. 
facture of domestic, toilet, and other soaps. 3rd edition. By 
HERBERT BIRTWHISTLE Stocks. London 1922. pp. viii + 482. ill. 

IntinewortH, STEwaRT Roy, assisted by JENKYN GRIFFITHS. 
The analysis of coal and its by-products. London [1921]. pp. 
[xii] + 380. ill. 

IMPERIAL Institute. Indian Trade Enquiry. Drugs and tan- 
ning materials. Reports on cinchona bark and myrobalans. 
London 1922. pp. x + 60. 

Reports on lac, turpentine, and rosin. London 
1922. pp. x + 74. 

ImPErtAL MINERAL Resources BurgEav. Iron ore. (Summary 
of information as to the present and prospective iron-ore supplies 
of the world.) 8 parts. London 1922. ill. 

—— Laws and regulations relating to lead poisoning: being 
an analysis with texts of the laws and regulations made in the 
chief industrial countries to prevent plumbism. By GILBERT 
Stone. London 1922. pp. 247. 

—— The Mineral Industry of the British Empire and Fo-eign 
Countries. War Period. Coal, coke, and by-products (1913— 
1919). PartsII & Ill. London 1922. pp. 160, 174. ill. 

—— Copper (1913—1919). London 1922. pp. 204. 

—— -~—— Gold (1913—1919). London 1922. pp. 366. 

—-- Lead. (1913-1919.) London 1922. pp. 95. 

—— —— Mica (1913—1919). London 1922. pp. 32. 

—— —— Platinum and allied metals. (1913-1919.) London 
1922, pp. 84. 

—— —— Sulphur and iron-pyrites. (1913-1919.) London 1922 


pp. 67. 
—- Tin. (1913-1919.) London 1922. pp. 98. 
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Inp1a, Imperial Department of Agriculture. Agricultural Journal 
of India. Vols. ITI—XIV. Calcutta 1908—1919. (Reference.) 
(Wanting Vols. V, VI, VIII, IX. Vols. III, VU, XI, XII 
incomplete. ] 

Inp1a RuBBER JouRNAL. Vols. XLIX—LVIII. London 1915— 
1919. (Reference.) 

InpIAN ScreNcE ConerEss. Handbook for the use of members 
attending the ninth meeting to be held at Madras . . . 1922. 
Madras 1921. pp. x + 166. 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. 
Lecture on chemists and the patent laws. By Horatio BALLAn- 
tyNE. London 1922. pp. 31. 

—— Lecture on modern applications of chemistry to crop 
production. By Epwarp JoHN RusseELt. London 1922. pp. 23. 
ill. 

INsTITUTION OF PETROLEUM TECHNOLOGISTS. The petroleum 
industry. A brief survey of the technology of petroleum. London 
[1922]. pp. viii + 346. ill. 

INTERNATIONAL BREWERS’ ConGRESS. Report of the proceed- 
ings of the Second Congress held at Chicago, October 18—21, 1911. 
Vol. I. Chicago 1912. pp. 642. (Reference.) 

JOHNSON, TREAT BaLtpwin. See HENRICH, FERDINAND. 

JOHNSTON, REGINALD. See Prinz, SEYMOUR. 

JOHNSTONE, SyDNEY JAMES. Potash. (Imperial Institute 
Monograph on Mineral Resources.) New edition. London 1922. 
pp. x + 122. 

JONES, LLEWELLYN, and ScarpD, FREDERIC ISENBART. The 
manufacture of cane sugar. 2nd edition. London [1921]. pp. 
xx + 482. ill. 

JOURNAL DE PuHysIQuE ET LE Rapium. Vol. III., etc. Paris 
1922+-. (For Circulation.) 

JuLIAN, H. Forses, and Smart, Epear. Cyaniding gold and 
silver ores. 3rd edition. By A. W. Atten. London 1921. pp. 
xxiv + 418. ill. 

Kamm, OLIvER. See ORGANIC SYNTHESES. 

Kantrz, AristripEs. Temperatur und Lebensvorgiinge. (Bio- 
chemie in Einzeldarstellungen. I.) Berlin 1915. pp.x+ 175. ill. 

KantTHack, R. (Compiler.) Tables of refractive indices. Vol. 
II. Oils, fats, and waxes. Edited by Jonn Naish GOLDSMITH. 
London 1921. pp. 296. 

KavurrMann, Hvueo. Beziehungen zwischen physikalischen 
Eigenschaften und chemischer Konstitution. (Chemie in Einzel- 
darstellungen, Vol. X.) Stuttgart 1920. pp. xii + 422. 

KaysEr, EpmMonD. Microbiologie appliquée & la fertilisation du 
sol. 4th edition. Paris 1921. pp. 325. ill. 
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Kayser, EpMonD. Microbiologie appliquée 4 la transformation 
des produits agricoles. 4th edition. Paris 1921. pp. 390. ill. 

KeGHEL, Mavricz DE. Les encres, les cirages, les colles et leur 
préparation. Paris 1922. pp. 384. ill. 

Kempton, PercivaL Henry Sypney. Industrial nitrogen : the 
principles and methods of nitrogen fixation and the industrial 
applications of nitrogen products in the manufacture of explosives, 
fertilizers, dyes, etc. London 1922. pp. xii+ 104. ill. 

The industrial applications of X-rays: an introduction to 
the apparatus and methods used in the production and application 
of X-rays for the examination of materials and structures, 
London 1922. pp. xiv +112. ill. 

Kew.ey, James. The petroleum and allied industries : petrol- 
eum, natural gas, natural waxes, asphalts and allied substances, 
and shale oils. London 1922. pp. xii + 302. ill. 

Kin@zETT, CHARLES Tuomas. The popular chemical dictionary. 
2nd edition. London 1921. pp. viii+ 540. (Reference.) 

Kurmont, I. M. Der technisch-synthetische Campher. (Chem. 
Tech. in Einzeldarstellungen.) Leipzig 1921. pp. viii + 132. ill. 

Knox, JoszerH. The fixation of atmospheric nitrogen. 2nd 
edition. London 1921. pp. viii+ 124. ill. 

Koeyo-Kwagaku-Kwal. (Society of Chemical Industry.) Zas- 
shi. (Journal.) Vols. XVITI—XXII. Tokyo 1915—1919. (Refer. 
ence.) [Vols. XVIII, XXI, XXII incompleie.] 

Ko.sn, Hermann [Editor]. Das chemische Laboratorium der 
Universitat Marburg und die seit 1859 darin ausgefiihrten chemischen 
Untersuchungen nebst Ansichten und Erfahrungen iiber die Methode 
des chemischen Unterrichts. Braunschweig 1865. pp. 524. ill. 

Das chemische Laboratorium der Universitat Leipzig und 
die seit 1866 darin ausgefiihrten chemischen Untersuchungen. 
Braunschweig 1872. pp. xii + 668. ill. 

Kotrnorr, I. M. Der Gebrauch von Farbenindicatoren. Ihre 
Anwendung in der Neutralisationsanalyse und bei der colorimetri- 
schen Bestimmung der Wasserstoffionenkonzentration. Berlin 1921. 
pp. iv + 144. ill. 

Kraus, Cuartes Aucust. The properties of electrically con- 
ducting systems including electrolytes and metals. New York 1922. 
pp. 416. ill. 

Kremers, Epwarp. See GILDEMEISTER, EDUARD. 

LANCASHIRE AND CHESHIRE CoAaL RESEARCH ASSOCIATION. 
See Stnnatt, FRanK SturpDy. 

Lavriz, ARTHUR Pittans. Building materials: an introduction 
to the study of the principal materials used in building construction. 
Edinburgh 1922. pp. viii+ 188. ill. 


1] 


Lewis, Witiiam. Commercium philosophico-technicum; or, 
the philosophical commerce of arts: designed as an attempt to 
improve arts, trades, and manufactures. London 1763. pp. 
iv + xviii + x + 646+ xiv. ill. 

LewkowItTscH, JuLius. Chemical technology and analysis of 
oils, fats, and waxes. 6th edition, revised by Gzorcr H. War- 
puRTON. Vol. II. London 1922. pp. xii+ 960. ill. 

Linp, Samvuet Cotvitte. The chemical effects of alpha particles 
and electrons. New York 1921. pp. 182. ill. 

LissNER, A. See Donatuo, EDUARD. 

LozB, Jacques. Proteins and the theory of colloidal behaviour. 
New York 1922. pp. xii+ 292. ill. 

Lowry, THomas Martin. Inorganic chemistry. London 1922. 
pp. xii + 944. ill. 

Maan, H. L., and Rospinson, A. I. The weighing and measuring 
of chemical substances. London 1922. pp. 64. ill. 

Mann, JoHn Drxon. Forensic medicine and toxicology. 6th 
edition. Revised by Wimit1am A. Brenp. London 1922. pp. 
xii + 574. ill. 

MARSHALL, CHARLES Epwarp. [Editor.] Microbiology: a 
text-book of microérganisms general and applied. [Philadelphia 
1921.] pp. xxviii + 1044. ill. 

MkraDE, ALWYNE. Modern gasworks practice. 2nd edition. 
London 1921. pp. xii + 816. 

MEERWEIN, Hans. See RicuteR, VICTOR VON. 

Mrzs, CHARLES EDWARD KENNETH, and CLARKE, HANS THACHER. 
The preparation of synthetic organic chemicals at Rochester. [A 
lecture delivered before the Society of Chemical Industry, Montreal, 
August 31, 1921.] Rochester, N.Y. 1921. pp. 40. ill. 

MELLOR, JosEPH WILLIAM. A comprehensive treatise on in- 
organic and theoretical chemistry. Vols. I and II. London 1922. 
pp. xvi -+ 1066, viii + 894. ill. (Reference.) 

Meyer, RicwarpD. Victor Meyer: Leben und Wirken eines 
deutschen Chemikers und Naturforschers 1848—1917. Leipzig 
1917. pp. xvi + 472. ill. 

—  Vorlesungen iiber die Geschichte der Chemie. Leipzig 
1922. pp. viii + 468. 

Meyer, Victor. See MEYER, RIcHARD. 

Mrati, StepHEN. The structure of the atom: notes on some 
recent theories. London 1922. pp. vi-+ 26. ill. 

MicHaELis, Lzonor. Die Wasserstoffionenkonzentration : ihre 
Bedeutung fiir die Biologie und die Methoden ihrer Messung. 
2nd edition. Part I. Berlin 1922. pp. xii + 262. ill. 

Mipetry, Esper. See BARKER, ALDRED FARRER. 
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Ministry oF Munitions and DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL ReseaRcH. Technical records of explosives supply, 
1915-1918. No. IV. The theory and practice of acid mixing. 
London 1921. pp. vi-+ 94. ill. 

No. V. Manufacture of sulphuric acid by contact 
process. London 1921. pp. vi-+ 128. ill. 

No. VI. Synthetic phenol and picric acid. London 
1921. pp. vi+ 98. ill. 

No. VII. Manufacture of nitric acid from nitre and 
sulphuric acid. London 1922. pp. vi+86. ill. 

No. VIII. Solvent recovery. London 1921. pp. 
iv + 22. ill. 

No. IX. Heat transmission. London 1922. pp, 
iv +48. ill. 

MiITcHELL, CHARLES AINSWORTH. Documents and their scientific 
examination, with especial reference to the chemistry involved in 
cases of suspected forgery, investigation of disputed documents, 
handwriting, etc. London 1922. pp. xii + 216. ill. 

See Summons, WILLIAM HERBERT. 

Mounier, Frep Loomis. See Footr, Paut Darwin. 

Morr, James. Colour and chemical constitution. Part XIII. 
The calculation of the colour of the monocyclic dyes. Part XIV. 
The calculation of the colour of the dicyclic dyes. (From the 
Trans. Roy. Soc. 8. Africa, 1921, 10.) 

—— (1) The permanganate absorption-spectrum: a claim for 
priority. (2) A formula for calculating the uranium spectrum. 
(From the Trans. Roy. Soc. S. Africa, 1921. 10.) 

MontrerR-WILuiAMs, GoRDON WICKHAM. Power alcohol: its 
production and utilisation. London [1922]. pp. xii + 324. ill. 

Newson, Percy 8. See Wriaut, ALLISTER MACLEAN. 

NEUBURGER, Maxrriran Camriito. Das Problem der Genesis 
des Actiniums. (Sammlung, Vol. XXVI.) Stuttgart 1921. 

Neuere Ergebnisse der Forschung tiber die Radioaktivitat 
des Kaliums und Rubidiums im letzten Dezennium. (Sammlung, 
Vol. XXVI.) Stuttgart 1921. 

OxrTTINcEN, A. von. See RyDBERG, JOHANNES ROBERT. 

Om anp CoLour CHeEmists’ AssoctatTion. Journal. Vol. V. 
etc. London 1922+-. (Reference.) 

Oreanio SyntHESsES. An annual publication of satisfactory 
methods for the preparation of organic chemicals. Edited by 
Roger ADAMS, JAMES Bryant Conant, Hans THACHER CLARKE, 
and OxiveR Kamm. Vol. I, etc. New York 1921+. ill. 
(Reference.) 

PARKER, CHARLES Epwin. See STEPHENSON, CHARLES H. 
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PARKER, LESLIE Henry. See Partinecton, JAMES RIDDICK. 

Parkes, Samuzt. The rudiments of chemistry; illustrated by 
experiments, and eight copper-plate engravings of chemical appar- 
atus. London 1810. pp. xii + 294. ill. (Reference.) 

Parry, Ernest Joun. The chemistry of essential oils and 
artificial perfumes. 4th edition. 2 vols. London 1921—22. 
pp. viii + 549, viii + 365. ill. 

PARTINGTON, JAMES RippIcK, and ParKkeR, LESLIE HENRY. 
The nitrogen industry. London 1922. pp. xvi+336. ill. 

PastrEuR, Louis. See Descour, L. 

Pavutr, WotFeana. Colloid chemistry of the proteins. Part I. 
Translated by Percy Cyrm Lestzy THorne. London 1922. 
pp. xii + 140. ill. 

PERFUMERY AND EssrenTiau Orn Recorp. Vols. VI—XI. Lon- 
don 1914—1920. (Reference.) [Vols. IX, X incomplete.] 

PFEIFFER, Pau. Organische Molekiilverbindungen. (Chemie 
in Einzeldarstellungen, Vol. XI.) Stuttgart 1922. pp. xiv + 328. 

PuitosopHicaL Magazine. Vols. XXIX—XL. London 1915— 
1920. (For Circulation.) [Wanting Nos. 193, 233—234, 236.] 

Pitz, Srymour, and JoHNSTON, REGINALD. Tested methods of 
metallurgical analysis (non-ferrous). London 1922. pp. 128. ill. 

PimMeER, Ropert Henry ApDERS. See PLIMMER, VIOLET G. 

PLmMER, VIOLET G., and PLimmMEeR, Ropert HENRY ADERS. 
Vitamins and the choice of food. London 1922. pp. xii + 164. 
ill. 

Potskreco TowarzystwA CuHemiczNeco. Roczniki Chemji. 
Vol. I, etc. Warszawa 1921+. (Reference.) 

PoRTEVIN, ALBERT. See GuiILLeT, Lion. 

PRINGSHEIM, PETER. Fluoreszenz und Phosphoreszenz im 
Lichte der neueren Atomtheorie. Berlin 1921. pp. viii-+ 202. ill. 

Procter, Henry Ricuarpson. The principles of leather manu- 
facture. 2nd edition. London 1922. pp. viii + 688. ill. 

Purvis, JoHN EpwarkD, and Hopason, Toomas Rearnatp. The 
chemical examination of water, sewage, foods and other substances, 
2nd edition. Cambridge 1922. pp. viii + 346. 

REDGRAVE, GILBERT R. See Screntiric AND INDUSTRIAL 
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i.—investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XIII.* 
The Spatial Configuration of the Unbranched 
Aliphatic Chain. 


By Rosert Howson PickarRD, JosEPH Kernyon, and HAROLD 


HUNTER. 


ADOPTING the accepted view that the carbon atom may be con- 
sidered as a sphere with its four valencies directed mainly to the 
vertices of an inscribed tetrahedron, Frankland (T., 1899, 75, 
368) suggested that a chain of such atoms might be expected to 
form a spiral which would complete one turn at about the fifth 
member, and that we should accordingly look for anomalies in 
physical properties at that point. Attention must be directed to 
the fact, however, that the spiral is by no means the only form 
which the chain can assume, nor, considered solely on mathematical 
grounds, is it the most probable. For, after the third member, 
there are three possible directions in space for extension of the 
chain to take place, only one of which will lead to the spiral con- 
figuration. This is the case at each additional member after the 
third, and therefore the probability of a chain of such atoms 
assuming a spiral form as a result of pure chance is at most 1/3@-%), 
where 7 is the number of atoms in the chain. That is to say, for 
a four-membered chain the odds are at least 2 to 1 against, for a 

* In this paper references are made to Part I, T., 1911, 99, 45; Part II, 
T., 1912, 101, 620; Part III, tbid., 1427; Part V, 'T., 1914, 105, 830; Part VII, 
ibid., 2226; Part VIII, ibid., 2262; Part LX, ibid., 2644; Part XII, T., 1915, 
107, 115. 
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five-membered chain they are 8 to 1 against, and for a thirteen. 
membered chain they are 60,000 té 41 against such a form being 
assumed as a result of pure chancé, 

A review of our previous work bearing on this point shows that 
Frankland’s conception of the spiral chain may now be extended 
to include some heterocatenic substances in which one atom of 
oxygen is included in the chain. 

It has been shown in the earlier parts of these investigations 
that the optical rotatory powers of members of many homologous 
series vary in a regular manner with molecular weight. In view 
of what has been said above, then, it is a fact of great significance 


that this regularity is often disturbed at perfectly definite points: 
in the series, after which the normal variation is resumed until! 
the next point is reached, and so on. These points occur when an; 
unbranched chain of carbon (or carbon and oxygen) atoms con-. 
tains five (or a multiple of five) members. Occasionally this effect: 


is noticed at the points where the chain contains six or eleven, 
atoms, but in this connexion it must be remembered that the 
valency directions of the carbon atom are not invariably inclined 
at an angle of 109° 28’ to each other as the conception of rigid 
bonds by van’t Hoff and by Baeyer would lead us to expect. 
Rather is it the case, as Ingold and his colleagues (T., 1921, 119, 
305, et-seg.) have recently shown, that the angle between the valency 
directions of the carbon atom depends on the volumes of the atoms 
or groups to which it is attached. Thus the normal angle between 
the carbon-to-carbon valencies in a polymethylene chain is not 
109-5°, but 115-3°, and therefore there will be more atoms in one 
complete turn of the spiral in the case of an unsubstituted poly- 
methylene chain than in the case of a substituted chain. Then, 
again, in the case of the oxygen atom, we are not certain of the 
directions in which its valencies mainly act. Its volume is almost 
identical with that of the carbon atom; it frequently—much 
more frequently than was formerly supposed—exercises quadri- 
valency and may therefore perhaps be regarded as nearly identical 
with the carbon atom so far as its influence on the configuration 
of a chain is concerned. But it would require only a slight change 
of the ‘“intervalent’”’ angle to modify the shape of the chain 
sufficiently to cause irregularities to appear at the sixth or eleventh 
instead of the fifth and tenth members of a series, and either of the 
above causes would be amply sufficient to determine such a change. 

Up to the present, marked irregularities in the numerical value 
of a physical property in a homologous series at points where @ 
spiral chain may be assumed to have completed an integral number 
of turns have been detected only in rotatory power. Similar 
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irregularities, although much less in amount, have, however, been 
observed in the densities of members of homologous series, for 
example, in the isopropyl-n-alkylcarbinols (Part II, p. 637), the 
esters of ac-tetrahydro-8-naphthol (Part ILI, p. 1430), the ethyl-n- 
alkylcarbinols (Part IV, p. 1935), and the esters of isopulegol 
(T., 1920, 117, 1248). In the last case this irregularity is reflected 
in the values of the molecular refractive power ({R,],). These 
other irregularities are, however, very small in amount, being often 
very little greater than the experimental error, and it would be 
rash to base conclusions on consideration of these alone. But as 
confirmatory evidence they are helpful, although we are forced to 
the conclusion that it is the highly constitutive nature of optical 
activity which renders it so pre-eminently useful in the elucidation 
of the finer details of molecular architecture. 

Some of the cases of abnormality of rotatory power associated 
with the presence within the molecule of a chain containing five, 
ten, or fifteen atoms of carbon or of carbon and oxygen may now 
be discussed. 

In the homologous series of methyl-n-alkylcarbinols (Part I, 
p. 49), the rotatory power at 20° in the homogeneous state of the 
propyl member is abnormally high compared with those of the 
rest of the series. This abnormality is intensified at 90°. When 
the rotatory powers are determined in solution in benzene and in 
ethyl alcohol (Part VI, p. 1928), in addition to the abnormality 
at the propyl member, we find similar ones at the amyl, octyl, 
and decyl members. 

Representing the series by the general formula 

CnHon+1*CH(OH)-CH, 
we see that when » = 5 or a multiple thereof, the growing chain 
attached to the asymmetric carbon atom will have completed 
one or more turns of the spiral. When, on the other hand, n is 
two less than 5 or a multiple thereof, the whole chain of carbon 
atoms in the molecule will have made one or more complete turns 
of the spiral. 

The temperature-rotation curves for the ethyl and n-propyl 
members of the alkylisopropylcarbinols (Part II, p. 623) are 
similar to each other and differ from those of the rest of the series. 
Writing down the formule of these alcohols 


1 2 3 4 5 
CH,-CH,-CH-CH-CH, 
OH CH, 


1 2 3 4 5 
CH,-CH,-CH,-CH-OH 
CH(CH;), 


ethylisopropylcarbinol 


n-propylisopropylearbinol, 


B? 
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it is immediately obvious that in the former case we have a chain 
of five carbon atoms, and in the latter, one of four carbon and one 
oxygen atom. 

Again, ethyl-n-propylcearbinol (Part VI, p. 1924), 


i: 4.5 
CH,-CH,:CH,’ H:-OH 
H,°CH, 
has a low rotation compared with the other ethylalkylearbinols— 
it may be that this is due to the chain of one oxygen and four 
carbon atoms in the molecule. 

Perhaps the most striking example of these irregularities is ‘o 
be found in the series of ethylalkylearbinols (Part IV). If the 
specific rotatory powers of these alcohols be plotted as ordinates 
with the number of carbon atoms in the growing alkyl chain as 
abscisse, it is found that the n-amyl and n-hexyl and again the 
n-decyl, n-undecyl, and n-dodecyl members have rotatory powers 
considerably in excess of what may be regarded as the normal 
value deduced from considerations of the rotatory powers of the 
other members of the series. Here again we see the influence 
of a chain of five and six and also ten and eleven carbon atoms, 
and in this particular case the rotations are measured in the homo- 
geneous state, so that we do not have to consider the effect of 
solution, which is at present very little understood. 

The effect of solvent and also of change of temperature on these 
irregularities is exemplified in the series of esters of J-isopulegol 
(T., 1920, 117, 1248). Measured in the homogeneous state at 20°, 
the specific rotatory powers of these esters show a regular decrease, 
after the first three members, in their numerical value. This 
regularity is sharply interrupted at the n-valerate and again at 
the n-decoate and n-undecoate. At 80°, however, the irregularity 
at the n-valerate is much less in amount and the irregularity at 
the n-decoate and the »-undecoate has disappeared entirely. 

In ethyl alcoholic solution, there are, in addition, indications of 
similar irregularities at the propionate and n-octoate. The ex- 
planation of these results becomes clear when we consider the 
structural formule for these esters (I). 


CH, 
(SV \CH-0-CO-CH,-CH, (I) 
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It is obvious that when R contains four or nine (ten) carbon atoms, 
that is, in the cases of the n-valerate and n-decoate (undecoate) 
the “ester” chain to the right of AB will contain five and ten 
(eleven) carbon atoms and may be assumed to have completed 
just one or two turns of the spiral, respectively. 

When R contains two or seven atoms, on the other hand, that is, 
at the propionate or n-octoate, the whole chain up to the asymmetric 
carbon atom * will contain either four carbon atoms and one oxygen 
atom or nine carbon atoms and one oxygen atom and may again 
be imagined to have completed whole turns of the spiral as before. 

It seems evident, too, that some similar cause promotes the 
maximum molecular rotatory power exhibited among the esters 
of tetrahydronaphthol (Part III, p. 1430) by the propionate (II), 
and also the irregular values of the rotatory powers of the esters 
of 1-naphthyl-n-hexylearbinol (Part IX, p. 2648), particularly of 
the propionate and octoate in which the acyl chains vary by five 


carbon atoms, whilst the abnormal values (under some conditions 
0 


1 3 84 
of solution) of the acetate, CH,*CO-O-CH(C,)H,)*C,H,3, and of the 
heptoate are also noteworthy. 

Again, the relatively high rotation of {-pentyl m-valerate, 


‘ 6 67 10 
C,H,-CO-O-CHMe-C,H, (Part V, p. 831), may be due to the ten- 
atomed chain—five of carbon, one of oxygen, and four other 
carbon atoms. 

Further, among the acetates of the carbinols C,H;-CH(OH)-C,Hon+4 
described in Part VII (p. 2231) the numerically high positive 
rotation of d-8-butyl acetate, CH,*CO-O-CHEt-CH,, and the 
abnormally high negative rotation (in carbon disulphide) of the 
acctate of d-y-nonanol, CH,°CO-O-CHEt-C,H,,, are peculiarities 
which may be due to the presence in these compounds of un- 
branched chains of carbon and oxygen atoms numbering in all five 
and ten, respectively. Similar deviations from what may be called 
the normal rotatory power have been observed (Part VII, p. 2229) 
in the cases of y-nonyl hexoate, C;H,,°CO*O-CH(C,H,,)-C,H,, 
and the undecoate, Cj gH,,*CO-O-CH(C,H,,)°C,H;, compounds 
which may be regarded as containing ten and fifteen atoms (one 
of these being oxygen), respectively, in an unbranched chain. 

Other examples of this kind can be cited from the literature, 
and it was felt that the examination of the formic esters of the 
simple optically active secondary alcohols would furnish a test 
case of some theoretical value. When specific rotatory power is 
plotted against molecular weight for various series of esters, it is 
observed that in the case of, for example, the 6-octyl esters (Part V), 
the y-nony] esters (Part VII), and the esters of benzylmethylearbinol 
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(Part VIII) either the acetate or the propionate occupies an 
anomalous position in that it does not fit on the curve illustrating 
the connexion between molecular weight and rotatory power. In 
the case of the esters of 8-butanol (Part V), on the other hand, both 


Fic. 1. 
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Number of carbon atoms in growing acyl chain. 
The specific rotatory powers {a}... in the homogeneous state of the normal esters of 


d-Benzylmethylcarbinol at 20° (1) 
and at 120° dp} Seale a 


d-B-Octanol at 20° (IIT) 
and at 120° (Iv)} Seale b 
and of d-y-Nonanol at 20° (VI) 


and at 120° yt Seale c 


The broken curve in each case represents the apparent normal rate of increase of 
specific rotatory power with molecular weight. 


the acetate and the propionate fall into line with the other members 
of the series. 

It was therefore decided to make these four series of esters more 
complete by the inclusion of the formates. The results of the 
polarimetric measurements are illustrated in the figure, where they 
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are co-ordinated with the results obtained for the other esters of 
ihe series. They show that in each case it is the propionic member 
of the series rather than the acetate which shows irregularity of 
riatory power, although the results of further work with optically 
active ethers (Parts XIV and XV, this vol., pp. 14 and 22) seem 
perhas more in accordance with the idea that the acetate is the 
irregular member. Curve IV is particularly interesting as showing the 
effect of a rise in temperature in bringing to light the irregularity, 
latent at lower temperatures, in the rotatory power of the n-valerate 
and of the n-octoate of d-8-octanol. 

It may therefore be regarded as established that in a series of 
inormal esters of secondary alcohols exhibiting optical activity, 
‘we may expect irregularities in the rotatory power to occur at the 
propionate, the n-valerate, and n-octoate and the n-decoate or 
undecoate, and that these irregularities are due to the fact that 
the ester chain of carbon atoms assumes a spiral form with about 
five atoms in one complete turn, entire turns being completed at 
the points of irregularity. That is to say, we recognise this 
phenomenon in two types of chain : 


(a) f2> CH-0-CO-R and (b) f2>CH-0-CO-R 


In type (a) when R = 2, 7, 12, and in type (6) when R = 4, 9, 14, 
one or more turns of the spiral to the right of the dotted line in the 
formule are completed with consequent effect on the rotatory power. 

There are several objections, of course, to this thesis. In the 
present state of our knowledge, it is impossible to do more than 
indicate possible solutions of the difficulties. First, why should 
the spiral be counted up to the asymmetric carbon atom A in type 
(2) above, and only to the carbonyl carbon atom A’ in type (b)— 
and, further, why not include the longest possible chain in the 
molecule for the purpose of counting atoms? It is submitted that 
both the asymmetric carbon atom and the carbonyl carbon atom are 
singular points in the chain. They are secondary carbon atoms 
as distinct from the primary carbon atoms in the growing chain R. 
In view of the work of Ingold previously quoted on the variation 
of the intervalent angle of the carbon atom with the volume of the 
attached groups, and of the mathematical improbability of a spiral 
form being assumed by a chain of carbon atoms, it may well be 
that the introduction of a secondary carbon atom into a chain 
of primary carbon atoms already in a spiral form is sufficient to 
deflect the spiral, as it were, and to cause it thenceforward to 
assume an entirely different direction in space. 

The second objection is much more serious. If it be true that 
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ce 


the normal form of the carbon chain is a spiral, then “ straight. 
chain ’’ compounds—for example, n-hexane, n-nonoic acid, -dodecy! 
alcohol, should exist in enantiomorphous forms according as the 
_ spiral form assumed is left- or right-handed. There should be 
the possibility of the existence of optically active substances 
the plane structural formule of which are symmetrical. Why 
has this never been observed? It must be remembered that 
the phenomenon is more likely to be dynamic than static— 
the molecule cannot be assumed to be at rest in a permanently 
coiled-up form. Whilst it may appear far-fetched to assume 
that the molecule is alternately coiling up and uncoiling, and 
then coiling up again in the opposite sense,* it is certainly a 
very significant fact that the spiral differs entirely from all asym. 
metric forms at present known to be associated with optical 
activity, in that it may, whilst still remaining in space of three 
dimensions, be converted into its mirror image without rupture. 
That is to say that a right-handed spiral may be converted into a 
left-handed one merely by straightening it out and then coiling it 
up in the opposite sense—no cutting of the chain is necessary. 
But to convert the generally accepted asymmetric molecule into 
its enantiomorph a much more drastic course is necessary. Two 
of the groups attached to the “asymmetric” carbon atom must 
be removed, interchanged, and replaced in their new inverse order, 
thus involving more or less complete dismemberment of the molecule. 
In addition to these stereochemical considerations, there are a 
few more or less isolated points of interest which will be touched 
on as briefly as possible. 
d-6-Butyl Formate.—This is the simplest possible optically active 
ester of an organic acid. Its rotatory power is high, thus supporting 
the claim that complicated molecular structure is not necessary for 
large rotations. It will be noticed that the esters of 6-butanol do 
not show irregularities of rotatory power at any point in the series, 
at least under the experimental conditions hitherto attained. 
d-8-Octyl Formate.—The first levorotatory ester of d-G-octanol 
to be described, if we except d-f-octyl 1-naphthoate (Part XII, 
p. 125), which exhibits levorotation for 4 = 4358 below 25°. It 
is not a case of inversion, for d-$-octanol of full dextrorotatory 
power is obtained by hydrolysis of the strongly levorotatory ester. 
Its temperature—rotation curves are similar to those of the acetate, 
etc., in that its levorotation increases with rise of temperature, 
* It is not necessary, of course, that the coiling and uncoiling of the mole- 
cular chain should be rapid. In the liquid or dissolved state, a statistical 
equilibrium would be set up which, if it were disturbed, would not require 


a very speedy equilibration in order to avoid detection of the disturbance 
by the methods of resolution at present at our disposal, 
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THE 

: whilst in the case of the acetate, etc., the dextrorotation decreases 
‘aight. B with rise of temperature, that is to say, in all cases rise of tem- 
odecy! perature produces a change in rotatory power in the same sense. 
aS the d-y-Nonyl Formate.—Like the other aliphatic esters of d-y-nonanol, 
ld be § the formate is levorotatory, but its rotation is numerically much 
bances greater. Its rotatory power varies scarcely at all with temperature 
Why § and its temperature—rotation curves exhibit maxima (minima of 

that levorotatory power) which move towards a higher rotation value 
itic— BF ond a lower temperature value with decreasing wave-length. In 
ently § this respect it resembles d-y-nonyl acetate (Part VII, p. 2242). 
sume d-Benzylmethylcarbinyl Formate——This ester differs from the 
and § other aliphatic esters of the same alcohol in that it is levorotatory. 
aly a The temperature-rotation curves of all the esters are similar, 
a7 however, just as in the case of the esters of d-8-octanol. 


tical 
‘hree EXPERIMENTAL. 
bure The esters were all prepared by the general method of con- 


densing the appropriate optically active alcohol with anhydrous 
formic acid in the presence of zinc chloride. A considerable excess 
of the acid was employed in every case. 

Anhydrous (98 per cent.) Formic Acid.—This was prepared by the 
convenient method of Maquenne (Bull. Soc. chim., 1888, [ii], 50, 
662). Commercial (90 per cent.) formic acid was mixed with 
enough pure (98 per cent.) sulphuric acid to form the monohydrate, 


ule. H,SO,,H,O, with all the water present. The formic acid was 
~ distilled off in a vacuum and collected in a receiver cooled in ice- 
red water, in which it solidified (m. p. of pure formic acid = 8°). By 


exercising care in mixing the acids and maintaining the temperature 
of the mixture below 70°, both during the mixing and during the 


ng distillation, the dehydration of the formic acid to carbon monoxide 
or was reduced to a minimum. 
do d-8-Butyl Formate, CHMeEt:O-CO-H.—d-8-Butanol (7-8 grams), 
™ formic acid (10 grams), and zine chloride (8 grams) were heated on 
the water-bath for half an hour. At the end of that time, a slight 
F odour of butylene was apparent. The reaction mixture was poured 
" carefully into cold water, extracted with ether, and the ether 
. extract washed repeatedly first with water, then with dilute 


aqueous sodium carbonate, and finally with water again. It was 
then dried by means of freshly ignited potassium carbonate, the 
ether was removed, and the ester distilled at atmospheric pressure 
through a fractionating column until its refractive index and 
rotatory power were unaltered by further distillation. 

Thus prepared, d-8-butyl formate is a pleasant smelling, colourless, 
mobile liquid, b. p. 96—97°. 


B* 
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d-8-Octyl Formate, C,H,,*CHMe:O-CO-H.—This ester was pre. 
pared by heating together d-f-octanol (13 grams), formic acid 
(9 grams), and zinc chloride (5 grams) on the water-bath for two 
hours. At the end of that time, the reaction mixture had separated 
into two layers. The ester was purified as in the preceding case 
except that it was distilled under reduced pressure and no column 
was used. d-8-Octyl formate is a fragrant, colourless, limpid liquid, 
b. p. 8]—82°/20 mm. On hydrolysis with aqueous caustic soda 
in a current of steam, it yields optically pure d-f-octanol. 

d-y-Nonyl Formate, C,H,,*CHEt-O-CO-H.—The preparation of 
this ester followed exactly the same course as that of the £-octyl 
ester, using d-y-nonanol (15 grams), formic acid (9 grams), and 
zine chloride (7 grams). It is a colourless, limpid liquid with a 
pleasant odour and boils at 94-5—95°/22 mm. 

d-Benzylmethylcarbinyl Formate, C,H;*CH,*°CHMe:-O-CO-H.—This 
ester was prepared by heating d-benzylmethylcarbinol (10 grams), 
formic acid (7 grams), and zine chloride (6 grams) just as for the 
B-octyl and y-nonyl formates. It is a mobile, highly refractive, 
colourless liquid, boiling at 108—110°/19 mm. Its odour is very 
penetrating but not unpleasant. 


Density Determinations. 


ensities were determined in a pyknometer holding about 3 c.c., 
except in the case of d-8-butyl formate, when one of about 1-5 c.c. 
capacity was used. The densities are calculated with reference to 
that of water at 4°. 


d-8-Butyl formate. 
t° 21-5° 45° 63° 94° 
di; 0-8820 0-8580 0-8364 0-8007 


d-8-Octyl formate. 
12-5° 51° 73° 99° 134° 
df 08718 0-8397 0-8196 0:7954 0:7591 


d-y-Nonyl formate. 
t° 20° 41° 55° 84-5° 107° 130° 154° 
d‘. 0-8688 0-8509 0-8390 0:8153 0:7941 0:7778 0-7536 


d-Benzylmethylcarbinyl formate. 
r BE 42° 73° 100° 127° 152° 
di, 1-027 1-008 0-9800 0-9572 0-9324 0-9099 


Refractive Index Determinations. 

Refractive indices were determined in a Pulfrich refractometer 
with jacketed optical parts. Water from a thermostat was pumped 
round the jacket to ensure temperature control to 0:1°. Mono- 
chromatic light of five wave-lengths was employed (wave-lengths 
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are measured in A.U.). The molecular refractive powers of the 
compounds are calculated using the Lorenz-Lorentz formula, and 
are compared with the values obtained by using Eisenlohr’s figures 
for the atomic refractive powers of their constituent elements. 


d-8-Butyl formate. 
A 6708 5896 5790 5461 4358 

n~* 13786 1-3812 1-3817 1-3828 1-3896 

R,]=* observed 26-97 

UF Ton calculated 26-94 


} A= + 0-03 


d-8-Octyl formate. 
cg 1-4174 


R,j2%= observed 45-64) 
U1 ]sie6 calculated 45-42 f 4 
d-y-Nonyl formate. 
A 6708 5896 5790 
n© = 1-4152 1-4182 1-4178 


[R sie observed 50-14) 


calculated 50-03 / 4 


d-Benzylmethylcarbinyl formate. 
A 6708 5896 5790 5461 
n* —-1-4930 1-4975 1-4982 1-5009 


[Riss observed 46-92) 


— sl 
calculated 46-43) 4 }- 0-49 


Measurements of Rotatory Power. 


The rotatory powers of the esters were measured in a 50 mm. 
jacketed tube round which heated mineral oil was circulated by 
means of a small rotary pump. The temperature of the active 
liquid was kept constant within 0-5° for each observation. 

Table I gives the experimentally observed rotations for the 
50 mm. tube. When these rotations are plotted against the corre- 
sponding temperatures, smooth curves are obtained from which 
the values of the rotatory power at temperature intervals of 20° 
were calculated. These values are collected in Table IT. 


TABLE I. 


The observed rotatory powers of the esters in the homogeneous 
state. 


The measurements refer to a 50 mm. tube. 
d-6-Butyl formate. 
ss93 + 8°47° at 17°; 7-87° at 28°; 7-01° at 45°; 6-48° at 54°; 6-16° at 63°; 
5-02° at 94°. 
46, 10-12° at 17°; 9-16° at 32°; 8-45° at 45°; 7-83° at 56-5°; 7-32° at 65°; 
5-96° at 94°. 
%;3 16-58° at 17°; 15-00° at 32°; 13-80° at 45°; 12-70° at 55-5°; 11-42° at 
69°; 9°80° at 94°. 
B* 2 
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TaBLe I.—(continued). 
d-8-Octyl formate. 
Gsg93 — 1°72° at 16°; — 2-22° at 37°; — 2-41° at 47-5°; — 2-89° 
— 3-36° at 101°; — 3-54° at 126-5°; — 3-59° at 149°. 
Gs4g, — 2°14° at 16°; — 2-62° at 38°; — 3-04° at 52°; — 3-47° 
— 4-14° at 99°; — 4:38° at 126-5°; — 4-48° at 146°. 
G4353 — 4:11° at 16°; — 5-12° at 38-5°; — 5-54° at 49°; 
— 7-18° at 100-5°; — 7-73° at 129°; — 7-95° at 145-5°. 


d-y-Nonyl formate. 
Gsg93 — 4:89° at 17°; — 4-80° at 50°; — 465° at 65°; — 4-50° 
— 4-45° at 118°. 
@546, — 5°83° at 17°; — 5-63° at 47°; — 5-47° at 67°; — 5-44° 
— 5:27° at 93°; — 5-21° at 120°. 
@4353 — 10-23° at 17°; — 9-94° at 44°; — 9-69° at 70°; — 9-63° 
— 9-53° at 93°; — 9-44° at 119°. 


d-Benzylmethylcarbinyl formate. 
Gse93 — 2°36° at 15°; — 2-56° at 31°; — 2-74° at 57°; — 3-05° « 
— 3-15° at 105°; —3-32° at 124°. 
G54, — 2°76° at 15°; — 3-04° at 30°; — 3-50° at 58°; — 3-75° 
— 4-03° at 99°; — 4-23° at 118°; — 4-28° at 124°. 
@4353 — 5°42° at 15°; — 5-83° at 31°; — 6-O01° at 42°; — 6-73° 
— 6-92° at 76°; — 7-58° at 110°; — 7-96° at 125°. 


TABLE II. 


The specific rotatory powers of the esters in the homogencous 
state. 


d-8-Butyl formate (Mol. d-8-Octyl formate (Mol. 
Wt. = 102). Wt. = 158). 
[a],. [a]}. 
ts R80; 31-4958 ° t See 35 
D\:. 5893. 5461. 4358. t. Dy. 5893. 5461. 4358. 
0-8846 -+18-74° +22-48° +36-76° 20 0-8658 —4-16° —5-04° —9-93° 
0-8621 16-87 20-27 33-06 40 0-8490 5:35 6-43 12-20 
0-8391 15-04 18-19 29-31 60 0-8313 6-45 7-84 14-29 
0-8163 13-48 16-19 26-28 80 0-8130 7-45 9-15 16-16 
100 0-7941 836 10:38 18-01 
120 0-7746 9-04 11-25 19-45 
140 0-7540 9-47 11-83 20-87 


d-y-Nonyl formate (Mol. d-Benzylmethylcarbinyl formate 
Wt. = 172). (Mol. Wt. = 164). 


[e]h- ela 


D*. 5893. 5461. 4358. ¢. D*. 5893. 5461. 4358. 
0-8688 —11-28° —13-47° —23-48° 20 1-0276 —4-73° —5-57° —10-8l 
0-8518 11-27 13-36 23-42 401-0098 5-15 6-34 11-91 
08349 11:26 13-24 23-42 600-9919 5-58 7-06 13:18 
0-8181 11-24 13-13 23-52 80 0-9742 6-04 17:78 14-39 
0-8011 11-23 13-11 23-72 100 0-9563 648 8-45 15-58 
0-7842 11-25 13-26 24-08 120 0-9385 6-99 9-12 16-64 
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The rotatory powers of the esters were also measured in approxi. 
mately 5 per cent, solution in carbon disulphide and in ethyl 
alcohol. For this purpose, approximately one gram of active 
substance was made up to 20 c.c. with the solvent, and the rotatory 
power of the solution determined in a. 200 mm. tube. These 
results are given in Table III. 


Part of the expense of this investigation was defrayed by a 
grant from the Government Grant Committee of the Royal Society, 
and, in addition, one of the authors received a personal grant 
from the Department of Scientific and Industrial Research. 


BaTTERSEA PotyTecanic, S8.W. 11. [Received, November 1st, 1922. 


II.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XIV. The 
Normal Aliphatic Ethers of d-B-Octanol. 


By JosepH KENYON and Reainatp ARTHUR McNicor. 


In the preceding parts of this series of investigations the optical 
rotatory and rotatory dispersive powers of a considerable number 
of secondary alcohols and of esters derived from them have been 
examined. From the results obtained three main conclusions may 
be drawn. 

(1) In a homologous series of optically active alcohols of the 
general formula R-CH(OH)-R1, where R represents the growing 
aliphatic chain, departures from what may be termed the normal 
alteration of rotatory power with increase of molecular weight 
are observed when R consists of a chain of five or ten (eleven) 
carbon atoms. 

(2) A similar phenomenon is observed in homologous series of 
esters of the formula R'R*-CH-O-CO-R when the growing chain R 
contains five or ten (eleven) carbon atoms. It will be noticed 
that this case differs from (1) above in that R is not directly 
attached to the asymmetric carbon atom. 

(3) Alcohols of simple chemical constitution possess simple 
rotatory dispersive powers under widely varying conditions of tem- 
perature, whereas the aliphatic esters derived from them show simple 
rotatory dispersive powers only at low temperatures; at higher 
temperatures and in solution the dispersive powers become complex. 

The results obtained by observing the rotatory powers of these 
two classes of compound, both in the homogeneous state over 4 
wide range of temperature and in solution at the temperature of 
the laboratory, make it highly probable that the differences in 
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dispersive power are due to some change in the molecular con- 
stitution of the esters occurring with change of conditions, and it 
has been suggested that this phenomenon may be due to some 
specific property of the carboxylic portion of the molecule. 

In view of the possible effect of adjacent oxygen atoms in the 
carboxylic portion of the molecule, it was thought advisable to 
examine the rotatory powers of substances in which this possible 
disturbing factor is not present. To this end, a series of ethers 
was prepared containing in each case, as the asymmetric portion 
of the molecule, the sec.-octyl radicle, and, as the second radicle, 
one of the normal alkyl groups methyl, ethyl, up to n-nonyl. Such 
a series of compounds seems to fulfil the conditions laid down 
above. sec.-Octyl alcohol was chosen as the parent alcohol because 
it is the most readily obtainable of the optically active alcohols of 
simple chemical constitution. 

The investigation of the optical properties of these ethers has 
led to the following interesting results—at all temperatures between 
15° and 130° they exhibit simple rotatory dispersion, for at no 
point within these limits does the dispersion ratio og35g/a54¢, fall 
below the value 1-577, and, in addition, when the reciprocal of the 
rotation is plotted against the square of the wave-length of the 
light used, linear curves are obtained for every ether examined, 
showing that the one-term Drude equation expresses the relation 
between rotatory power and wave-length of the light used. 

Determinations of the rotatory powers of the ethers in the 
homogeneous state over a range of temperatures 15—130° for light 
of different wave-lengths show the presence of marked depressions 
in the optical rotatory power in the case of the members containing 
the n-propyl, n-amyl and hexyl, and n-octyl radicle. 

It is considered that these investigations show that the magnitude 
of the rotatory power may be influenced by the approximate 
closing of the spiral arrangement of three types of chain present 
in all these compounds. These are (a) any complete chain through 
the molecule, (6b) the chain of atoms up to and including the 
asymmetric carbon atom, and (c) the chain of atoms attached to 
the asymmetric carbon atom. In the case of the secondary 
alcohols dealt with in the earlier parts of these investigations, 
conclusive evidence has been obtained that the rotatory power is 
affected at intervals not only by the chain of the whole molecule, 
but also by the chain attached to the asymmetric carbon atom, 
whilst in the case of the esters of these alcohols as shown in 
Part XIII (this vol., p. 1) the influence of chains of the types 
(b) and (c) is demonstrated. In the case of the ethers herein 
described, the evidence is not conclusive, but points to the possi- 
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bility that the magnitudes of the rotatory powers of different 
members of the series are affected by the completion of a spiral 
in chains of all three types. 

The irregularities due to this cause may be most clearly demon. 
strated by plotting rotatory powers as ordinates against the number 
of carbon atoms in the growing chain as abscisse. In the figure, 
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The ethers of d-B-Cctanol. 
A. [@]5sg, #2 5% solution in carbon disulphide. 
B. [a}}2t, in the homogeneous state. 
C. [o } ihe er) ” ” 


D. [a,,,, n_5% solution in ethyl alcohol. 


the values actually plotted are for [«];4,,, but strictly similar curves 
are obtained by plotting the specific rotatory powers for any of 
the wave-lengths employed. 

A very unusual effect was observed when the rotations of these 
ethers were determined in 5 per cent. solutions in carbon disulphide 
and in ethyl alcohol; in all previous cases in this series of investi- 
gations, it has been found that the former solvent effects a consider- 
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able depressing action, and the latter solvent an exalting action, 
although to a less degree. In the series of ethers now being con- 
sidered, however, the reverse is the case, for carbon disulphide 
causes enhanced rotations and ethyl alcohol depressed ones. As 
may be seen from the diagram, the deviations from what may be 
regarded as the normal values are the same in solution as for the 
substances in the homogeneous state. 

The ethers may be prepared either according to the method of 
Ferns and Lapworth (T., 1912, 104, 273), in which potassium 
8-octyloxide is added to a n-alkyl p-toluenesulphonate, or by allowing 
potassium 8-octyloxide to react with a normal alkylhaloid. Samples 
of an ether prepared by either method are identical in rotatory 
power, and this fact allows of a strong presumption that no 
racemisation occurs during either process. 


EXPERIMENTAL. 


Action of Potassium on d-8-Octanol.—To clean potassium 
(4 grams) covered with dry benzene (or dry ether) there was added 
slowly d-B-octanol (23 grams) at such a rate that the reaction did 
not become too vigorous; when most of the potassium had dis- 
solved, the reaction was completed by gentle warming. The 
reaction mixture was then poured into ice-water in an atmosphere 
of carbon dioxide, and the whole distilled in a current of steam. 
The distillate was extracted with ether, the ethereal extract dried 
and, after removal of ether and benzene, distilled under reduced 
pressure. The octyl alcohol thus obtained showed af, + 19-36° 
in a 2-dem. tube, whereas the original alcohol showed a§,, +- 19-40°. 
Thus it is evident that no racemisation occurs under these 
conditions. 


General Method of Preparation of the Optically Active Ethers. 


To the solution (or suspension) of potassium $-octyloxide in ether 
(or benzene) was added the theoretical amount (calculated on the 
potassium used) of the alkyl bromide (or iodide), and the reaction 
mixture gently heated under reflux for about twenty hours, care 
being taken to prevent the access of moisture during this period. 
In the cases of methyl and ethyl iodides and ethyl bromide reacting 
with an ethereal solution of potassium $-octyloxide, heating is not 
necessary, standing at the ordinary temperature for several hours 
being quite sufficient. The potassium bromide (or iodide) was 
washed out with water, and the dried ethereal (or benzene) solution 
mixed with sufficient phthalic anhydride to convert unchanged 
sec-octyl alcohol into its hydrogen phthalic ester. After removing 
the ether (or benzene), the residue was heated at 110—115° for 
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TABLE I, 


Determinations of Density (Di) and of Rotatory Power (az9m,) 
for the Ethers in the Homogeneous State. 


Methy] d-sec.-octyl ether. 
Di. 0-8076 at 19°; 0-7870 at 43-4°; 0-7700 at 62°; 0-7536 at 81-4°; 0-7391 
at 99-4°. 

Geazg 2°67° at 14°; 2-07° at 53°; 1-85° at 61°; 1-55° at 81-5°; 1-36° at 101°, 
Ms4¢, 3°57° at 14°; 2-70° at 51-4°; 2-67° at 61°; 2-33° at 82°; 1-86° at 104°. 
Gsosg 4°29° at 14°; 3-24° at 53-5°; 3-16° at 61°; 2-65° at 81-5°; 2-43° at 98°, 
Gss99 4°81° at 14°; 3-56° at 54°; 3-54° at 61°; 3-09° at 81°; 2-83° at 98°. 
G467g 5°06° at 14°; 3-75° at 55°; 3-70° at 61°; 3-22° at 81-5°; 3-00° at 98°. 
@4g5g 5°87° at 14°; 4-60° at 51°; 4-18° at 61°; 3-76° at 82°; 3-22° at 98°, 


Ethyl d-sec.-octyl ether. 
D{. 0-7895 at 17-2°; 0-7719 at 39-7°; 0-7545 at 58-5°; 0-7387 at 79-0°; 


0-7202 at 100-5°. 
5-86° at 17-8°; 4-94° at 56°; 4-53° at 81°; 4-15° at 96°; 3-89° at 113°. 
8-08° at 17-8°; 6-97° at 54°; 6-24° at 79°; 5-68° at 97°; 5-47° at 110°, 
9-61° at 17-8°; 8-04° at 56°; 7-30° at 81°; 6-69° at 97°; 6-31° at 112°. 
10-47° at 17-8°; 9-10° at 55-5°; 8-29° at 80°; 7-56° at 95°; 7-12° at 112°. 
11-31° at 17-8°; 9-65° at 55°; 8-69° at 79°; 7-99° at 95°; 7-50° at 110°, 
13-09° at 17-8°; 11-19° at 54°; 10-04° at 79°; 9-19° at 95°; 8-81° at 105°. 


ease 
[5461 
asos6 
4800 
%4678 
4358 


n-Propyl d-sec.-octyl ether. 


Dt 0:7971 at 12°; 0-7598 at 61°; 0-7435 at 80°; 0-7303 at 96°. 

M546, 8°30° at 16-5°; 7-27° at 50:5°; 6-76° at 67°; 6-10° at 97°; 5-61° at 121°, 

@435g 13°42° at 16-5°; 11-70° at 50°5°; 10-97° at 67°; 9-77° at 96°; 9-12° 
at 120°. 


n-Butyl d-sec.-octyl ether. 
Dt: 0-7971 at 18-5°; 0-7766 at 45°; 0-7568 at 70°; 0-7226 at 103°; 0-7063 
at 135°. 

6-62° at 20°; 5-64° at 56°; 5-24° at 74°; 4-75° at 102°; 4-47° at 119°. 

8-94° at 20°; 7-75° at 57°; 7-18° at 76°; 6-70° at 98°; 6-05° at 118°. 
10-41° at 20°; 8-88° at 59°; 8-41° at 75°; 7-66° at 101°; 7-10° at 119°. 
11-82° at 20°; 9-98° at 59°; 9-20° at 75°; 8-59° at 101°; 7-89° at 119°. 
12-34° at 20°; 10-60° at 58°; 9-80° at 76°; 9-21° at 99°; 8-38° at 119°. 
14-38° at 20°; 12-16° at 57°; 11-37° at 76°; 10-62° at 98°; 9-69 at 118°. 


%ea38 
461 
5986 
24830 
A678 
% 4358 


n-Amyl d-sec.-octyl ether. 

D‘. 0-7989 at 20°; 0-7820 at 42-5°; 0-7696 at 60°; 0-7484 at 84-4°; 0-7233 
at 114-8°; 0-7023 at 139-6°. 

Geazg 5°25° at 17°; 4-91° at 35°; 4-61° at 53°; 4-18° at 76°; 4-00° at 101°; 
3-50° at 135°. 

@;46, 7°38° at 17°; 6-94° at 35°; 6-34° at 54°; 5-90° at 72°; 5-41° at 105°; 
4-97° at 135°. 

Grog 8°47° at 17°; 8-19° at 32°; 7-57° at 53°; 6-92° at 77-5°; 6-44° at 100°; 
5-73° at 129°. 

M4300 9°63° at 17°; 9-17° at 31°; 8-57° at 54°; 7-84° at 77-5°; 7-33° at 100°; 
6-58° at 130°. 

G@qg7g 10-23° at 17°; 9-62° at 30°; 8-92° at 56°; 8-19° at 76°; 7-64° at 100°; 
6-93° at 131°. 

@y353 11-79°,at 17°; 11-08° at 35°; 10-33° at 54°; 9-50° at 74°; 8-75° at 102°; 
7-85° at 133°. 
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TABLE I.—(continued). 


n-Hexyl d-sec.-octyl ether. ; 
Dt 0-8047 at 17-0°; 0-7881 at 40-4°; 0-7723 at 62-0°; 0-7568 at 82-5°; 0-7149 


at 137°. 
Geis 4°69° at 21-2°; 4-29° at 42°; 3-77° at 80°; ; 2-98° at 137°. 
Gs4g, 6°52° at 21-2°; 6-02° at 41°; 5- 41° at 78°; 9°; 4-17° at 138°. 
dase 748° at 21-2°; 6-96° at 42°; 6-17° at 80°; ; 488° at 137° 
Qygo9 845° at 21-2°; 7-87° at 42°; 6-92° at 80°; ; 5-60° at 136°, 
ayerg 8°89° at 21-2°; 8-33° at 42°; 7-26° at 79°: ; 587° at 135°. 
4358 10-37° at 21-2°; 9-67° at 42°; 8°34° at 78°; 3; 6-56° at 138°. 


n-Heptyl d-sec.-octyl ether. 
Di. 0-8034 at 23"; 0°:7776 at 59°; 0-7672 at 73°; 0-7440 at 101°; 0-7290 at 
125° 
Oei3g 538° at 16°; 4-81° at 42°; 4-42° at 64°; 4-20° at 85°; 3-88° at 117°. 
Gs4g, 7°50° at 16°; 6-81° at 43°; 6-47° at 61°; 5-99° at 85°; 5-49° at 121°. 
dzygg 881° at 16°; 8-02° at 42°; 7-29° at 66°; 6-80° at 85°; 6-18° at 118°. 
digo 9°81° at 16°; 9-09° at 43°; 8-38° at 63°; 7-90° at 83°; 7-09° at 118°. 
dygrg 10°49° at 16°; 9-48° at 44°; 8-89° at 64°; 8-49° at 80°; 7-23° at 119°. 
aysz3 12-09° at 16°; 10-87° at 45°; 10-18° at 64°; 9-50° at $2°; 8-41° at 120°, 


n-Octyl d-sec.-octyl ether. 
Di: 0-8099 at 15°; 0-7929 at 43°; 0-7780 at 65°; 0-7459 at 109°; 0-7254 
at 143°. 
Ggyrg 4°36° at 20°; 4-01° at 42°; 3-75° at 60°; 3-07° at 108°; 2-87° at 130°. 
G46, 6°20° at 20°; 5-59° at 43°; 5- 16° at 61°; 435° at 108°; 4-22° at 130°. 
Qrgg 7°10° at 20°; 6-51° at 42°: 6-01° at 61°; 5-00° at 108°; 4-79° at 130°. 
Qispg 805° at 20°; 7-35° at 42°; 6-68° at 62°; 5-54° at 108°; 5-37° at 130°. 
Qyg7g 8°39° at 20°; 7-58° at 43°; 6-97° at 62°; 5-81° at 109°; 5-57° at 130°. 
agg 9°98° at 20°; 8-92° at 44°; 8-36° at 62°; 6-80° at 105°; 6-59° at 125° 
n-Nony]l d-sec.-octyl ether. 
Di. 0-8110 at 17°; 0-7911 at 47°; 0-7747 at 66°; 0-7573 at 89°; 0-7409 
110°. 

Qgy3g 4°49° at 20°; 4-17° at 45°; 3-72° at 75°; 3-48° at 97°; 3-30° at 116°. 
Qs4g, 6°13° at 20°; 5-77° at 44°; 5-19° at 75°; 486° at 95°; 4-54° at 118°. 
Gzagg 7°27° at 20°; 6 62° at 46°; 6-10° at 75°; 5-66° at 96°; 5-39° at 117° 
Gy5o9 818° at 20°; 7-50° at 46°; 6-74° at 75°; 629° at 95°; 5-93° at 117°. 
Qiere 8°63° at 20°; 8-96° at 45°; 7-05° at 76°; 671° at 93°; 6-21° at 115°. 
disse 997° at 20°; 9-19° at 44°; 8-27° at 76°; 7-86° at 92-5°; 7-37° at 115°. 
ten hours. The cold reaction product was dissolved in ether, 
extracted with dilute sodium carbonate solution, dried, the ether 
evaporated, and the resulting $-octyl alkyl ether purified by dis- 
tillation under reduced pressure. In no case was any evidence 
obtained of the presence of unsaturated compounds. The sodium 
carbonate washings, after acidification, gave d-8-octyl hydrogen 


phthalate of the usual rotatory power. 


Preparation of Ethyl d-sec.-Octyl Ether by the Use of Ethyl p-Toluene- 
sulphonate. 

The procedure described by Ferns and Lapworth (loc. cit.) was 

closely followed. Potassium d-8-octyloxide in benzene solution was 

allowed to react with the calculated amount of ethyl p-toluene- 


92:06 If-8I eeeseee eee eeeeeeee tAuon-u 
96-61 6¢-LT Peer reece eeesesees 1499-4 
IL-?Z 8o-1Z ee eeeererseseee jAydoyz-u 
CO-ES 89-8ST ee eeeeerereeeseeee [Axop-u 
€8-°EZ 60°22 Peeee eee eee ee reer Aury-u 
9-62 S1-9% Pere eeeee ee eeeee rs [4qng-u 

aa aint eeeeecccecccece jAdorg-u 
C§-9S El-Fo tee eereeeeeeeeseeeees 4040 
99°LI 02-01 . Peewee eeeeeeeeseees [447° 
‘008% ‘980° “104d 

xX xX 


XP] 
"OZ PUP .0Z 1M s1amog fisowjoy oifroedg fo uosundwog 
‘TIL Sav, 


INVESTIGATIONS ON THE 


$29Z0-0  GSFRL | PPEE-T 2 LOSFT 19-28 CZEF-I  —«-GFOS-0 Malia tteestetees “+ [SuoN-u 
6920-0 POPPI GIF  €82hT ‘0 + L8-LL 10-1 808-0 $1/9FT 144009-u 
£9600 9981 O8ZF1  FFZF-T : 86-21 LOZF-T L080 81/631 [Aydoxy-u 
$49G0-0 «= «SPER IT «= 69ST = BEFT 0+ £9-89 ZEZFT == E860 CI/StI 
869300 GOEF-T «=» ESF OGT FT 0 — ¥8-£9 SIZF-T 8861-0 
F19Z0-0 «SSF SBTFT | OFTFT ‘0 + Ze6S = SOITF IT «= EZ6L-0 

— CHFI | SLIP T - - 69-79 FIFI  L88L-0 
1120-0 ss SESF-T 0 STH TOIT HT 0 + Il-0¢  981FT  T98L0  ¥1/¢9—€9 see Thug 
GOLZ0-0 «= LIGhT «= ZESEL BOSHT -- LOoh «= BIRT = HG08-0— PR/oLL—OL [AMON 
"romod eee wont age ‘oyeo punog +, fu ‘Sp = wut “9, ‘d “gg 10 
oarsiodstp ‘gid | 
OATPOBIJOY 


= 
° 
S) 
_ 
A 
=) 
= 
a 
Zz 
< 
Z 
S 
‘a 
4 
= 
4 


*1amod OAIZOVIJOI IBTNIIOP 
‘youno-d-p fo ssayzq fo sayusdorg yworshyg 
‘I[ T1avy, 


21 


£E-9Z ys i Mi 

LE-1Z 9F-°8T SL°LT ELST 
88-LZ 66°42 E183 96-02 
69-93% 8°1Z 10:02 6¢2-8T 
83-3 F812 GI-1Z 68-81 
9€-EE €0°82 £6-92 90-6 
66°82 — = = 

00:0€ L9-9% GE-SS 6E°GS 
FEST L0-0T 0&6 66°8 

"SSEP “SLOP ‘008F "9809 


eeeee pAuoyn-& 


SAAMARARS 


19 0 1D a 
LQ tH HOO SHON XH 


HOD tH H 
HOGNS 
ANN 


6: 
0- 
€- 
8: 
T: 


; 03°G 
&L°0 04:0 
“OO8F ‘980 *09 0G 
ne ul SUIBIx) 
‘NX[0] "UOI}BYOI POAIOSGO 


4 


PART XIV. 


— 
u 


N 
Qi OHOmoNn 


DBOmOMMOvon 
LD HBAHHOAE- OD 
as OOCCOrasaS 
© u 
ST Ons aa eH Oe 
ples) 

AIQOCMAN HOS 


Sr) 
s 


‘aqny ‘UI0-0Z B UT oINzLIOdUI9} WOOT ye UOTNIOS [OYOoTe [AYZO oynTOsqe UT (Z) 


| 
| 
| 


OF-LS _ oni = 02-13 
69°SE 60:08 03°66 86°S3 00°06 
€3-SP 0S-6§ TL:L€é 06°38 06°96 
€8-0P 66-FE 9T-€E 9°23 96°€3 
18-&P 19-9€ OTHE 69-0€ F693 
18-L¢ TL‘8P 98-CP 09-6€ 6L°EE 
93:99 = pen = CP lé 
9T-8¢ €6°LP c8-CP OS-1P 89°CE 
66°C OT-6Z O1:8Z TE-¥Z FF-06 
“SSEP "SLOP ‘008F ‘980¢ “19% 


| 


ZF 1 
eh 1 
£2 
2ST 
SL:T 
80° 
PFS 
CL ep occ Au 
£0-2 16-7 «TAQ 
‘19F9 «= “8EFD = 9° OOT “IOUT 
- —— ul Surety 


0€-€ 
I¥-é 
96°F 
LT-€ 
€S°€ 
99-7 
LOG 


CO CU OU 


I~ DIO At 
GND 1D DH HH 
WOONA CONAN 
FON 16 
Omi HINN OD © 
Coes 
PANO 
es Oror 
Oa DOr 
S +H HO © 
SOO Oe 
Axa 


oN 
e 
N 
aN 


| 
| 
| 


| 


HOHAAAMA 
A 


Orn 
1D 19 
oD 
i = 
Nw 
one 
tO 
Nd 
Oo 
Ce | 


st 
io 2) 
I~ 
=) 
= 
S 
S 
ee) 
~~ 
ies) 
> 
uw 


‘V[e] *UOTPVJOI POAIOSGG 


‘oqn} “Ud-OZ V UT OINzZeIOdUIE} WOOI 4e WOLZNTOS oprydinstp uoqaeo uy (T) 


2) 
aH 
a) 
[eat 
<3) 
= 
2) 
= 
by 
ie} 
2) 
sa) 
= 
sa) 
° 
io) 
a 
° 
i) 
oO 
4 
4 
i= 
vA 
2) 
ao 
=) 
Qa 


‘uounjoy *yuao sad Gg ur ssanog fsojnjoyy aifiaadgy fo uostandwoy 


"AI STaVI, 


FQ .kRT nr? .aTr ar.eT rosy ener o2e2.°o na .xs an t= p- -_ es 


22 PHILLIPS : INVESTIGATIONS ON THE DEPENDENCE OF 


sulphonate dissolved in benzene. The gelatinous precipitate which 
had formed during six hours’ heating on the water-bath was 
removed by filtration, and the filtrate warmed with aqueous alkali, 
washed with water, dried, and fractionally distilled under diminished 
pressure. In this way there were obtained, by the use of 8 grams of 
potassium, 5-4 grams of ethyl d-sec.-octyl ether with a b. p. 65°/16 
mm. and asf, + 8-03° for 100 mm. These figures are in very close 
agreement with those given by the ether prepared by the general 
method described above using either ethyl bromide or ethyl iodide. 
All the ethers, which were obtained in yields of 50—60 per cent. 
of the theoretical, are colourless, mobile liquids. The lower members 
possess somewhat penetrating but not unpleasant odours; some 
of their physical constants are collected in Table II. 
Measurements of the rotations of these substances in ethyl 
alcohol and carbon disulphide solution were made at room 
temperature and at approximately 5 per cent. concentration. 


The authors desire to thank Mr. H. Hunter for valuable assistance, 
and the Government Grant Committee of the Royal Society for a 
grant with which most of the material used has been purchased. 
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III.—IJnvestigations on the Dependence of Rotalory 
Power on Chemical Constitution. Part XV. Some 
n-Alkyl Ethers of d-Benzylmethylcarbinol. 


By Henry PHILLIes. 


OF the optically active compounds which exhibit complex rotatory 
dispersion, the great majority contain the carboxyl group (or its 
equivalents, the carboalkyloxyl or the xanthogenic ester group) 
and therefore it has been suggested that complex rotatory disper- 
sion may be a general property of the carboxyl group and may 
even be specifically due to the variable valency of the oxygen 
atoms contained in it. 

It is accordingly of interest to examine other optically active 
compounds containing an oxygen atom in the molecule in order 
to test this point. In the earlier parts of these investigations it 
has been shown that most secondary alcohols under very varied con- 
ditions of temperature exhibit simple rotatory dispersion, whilst in 
Part XIV (this vol., p. 14) there is described a homologous series 
of nine optically active ethers, all of which show simple rotatory 
dispersion. An extension of the latter investigation appeared 
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desirable and accordingly a series of normal alkyl ethers of d-benzyl- 


- methylearbinol was prepared and examined, with results which are 
ij discussed and detailed in this paper. d-Benzylmethylcarbinol was 
‘d chosen for this purpose because its rotatory power is high and 
of only slightly influenced by temperature. It can also be obtained 
6 fairly readily in a state of optical purity (Part VI, T., 1914, 106, 
; 1115). 
se 
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Number of carbon atoms in growing alkyl chain. 


The Ethers of d-Benzylmethylcarbinol. 


I. [a]}asss tn 5% solution in carbon disulphide. 
II. [a] .ss58 rd) ” ” ethyl alcohol. 
III. [a]! tn the homogeneous state. 


Nine members of the series C,H;*CH,*CH(CH;)-OR, where R 
represents a normal alkyl group, have been prepared by the method 
described in Part XIV (loc. cit.) and shown to exhibit simple rotatory 
dispersion over the temperature range 20—140°. 

Further support is thus afforded to the view that complex rotatory 
dispersion must be regarded as a property of the carboxyl group 
as a whole and not of any one atom in it. That is to say, it is to 
the propinquity of the oxygen atoms in this group that the equi- 
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librium sane <== —0<ft with consequent complexity of 


rotatory dispersion, is probably due. In alcohols, R°OH, and 
ethers, ROR, it may be concluded that oxygen atoms in different 
molecules are not able to approach sufficiently near to each other 
to employ their subsidiary valencies, with the result that there is 
only one kind of molecule present in the substance, which there- 
fore shows simple rotatory dispersion. This is well borne out by 
the fact that ethers and alcohols are known to associate only 
slightly if at all. 
The magnitudes of the rotatory powers of the members of this 
series of ethers, as will be seen from Fig. 1, show remarkable irregu- 
larities. Assuming that the normal alteration of specific rotatory 
power with the growth of the alkyl chain is correctly indicated in 
the figure, it will be seen that depressions in the rotatory power 
occur at the propyl, amyl, heptyl, and octyl members. By analogy 
with previous results, the depressions at the propyl and octyl 
members are ascribed to the influence of the chain of five or ten 
atoms up to and including the asymmetric carbon atom, that at 
the heptyl member to the influence of the chain 
CH,*CH(CH,Ph)-O-C,H,,, 

whilst the depression at the amyl member, 
CH,°CH(CH,Ph):0:C;H,,, 

is analogous to similar alteration in rotatory power exhibited by 

the valerates in some series of esters, as, for example, 
CH,°CH(C,H,3)*OiCO-C, Hy. 


EXPERIMENTAL. 


Preparation of d-Benzylmethylcarbinol—The optically active 
alcohol required for this research was prepared by the method 
given in Part VI. One thousand six hundred and seventy grams 
of benzyl methyl ketone were obtained by the passage of 2660 
grams of phenylacetic acid, dissolved in 11,450 grams of glacial 
acetic acid, through a silica tube’ heated at 400° and half filled 
with thoria. The ketone was reduced in boiling ethyl alcoholic 
solution by means of sodium to the corresponding aicohol, which 
was converted into the hydrogen phthalic ester. One thousand 
nine hundred grams of this ester were obtained, fractional crystal- 
lisation of the brucine salt of which from acetone yielded the pure 
IBdA salt. From this pure salt 230 grams of pure d-benzylmethy!- 
carbinol were obtained. d2 =0-9877; n%,—=1-5194; ain 
+ 32°76°; aX + 33°22°; afl -+ 33-28°. 

The yield of /BdA salt was diminished in the resolution by the 
crystallisation from the concentrated mother-liquors of the corre- 
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sponding /BIA salt. Complicated mixtures of the two salts were 
obtained on recrystallisation, which, however, finally resulted in 
the isolation of a small quantity of almost pure /B/A salt. From 
this were isolated 6 grams of l-benzylmethylearbinol, «}%;, — 30-90°, 

Action of Potassium on Benzylmethylcarbinol._—Fifteen grams of 
a partly active alcohol, with « %,— 6-13° in a 50 mm. tube, dissolved 
in 100 c.c. of dried benzene, were treated with 2 grams of powdered 
potassium. On complete dissolution of the metal, the l-alcohol 
was recovered. It had «2%, — 6-09° in a 50 mm. tube. 

General Method of Preparation of the Active Ethers —Except for 
the use of 3 grams of potassium with 11 grams of the d-alcohol, 
dissolved in benzene, the method employed was the same as that 
given in Part XIV (loc. cit.). The yield was 30—40 per cent. of 
the theoretical. 

The lower members of the series are pleasant-smelling liquids; 
the methyl and ethyl ethers have odours reminiscent of nerol. 

In Table I are given some physical properties of the ethers, 
whilst in Table III are recorded the specific rotatory powers cal- 
culated from the observed rotatory powers given in Table II. The 
determinations of rotatory power in ethyl alcohol and in carbon 
disulphide are tabulated in Tables IV and V, respectively. 

The densities were determined in a pyknometer holding about 
3c.c. The rotations were measured in 50 mm. tubes, round which 
heated mineral oil was circulated by means of a pump, but are here 
given as for 100 mm. 


TABLE IT. 


Observations of Density (DY) and Rotatory Power (2499 mm.) in the 
Homogeneous State of the n-Alkyl Ethers of d-Benzylmethylcarbinol. 


Methyl. 


Density 0-9273 at 27°; 0-9135 at 47-5°; 0-8909 at 74-5°; 0-8718 at 96-3°; 
0-8550 at 112°; 0-8392 at 131-5°. © 

Geisg 4°34° at 18°; 4-20° at 29-5° *; 3-68° at 47-5°; 3-24° at 67°; 2-64° at 
88°; 2-04° at 109°. 

546, 6°00° at 18°; 5-10° at 36-4° *; 4-76° at 47°; 4-18° at 62°; 3-50° at 83°; 
2-80° at 106°. 

Gsosg 7°32° at 18°; 6-68° at 28°; 5-S8° at 47-5°; 4-92° at 65°; 3-88° at 88°; 
3:16° at 108°. 

Gye 834° at 18°; 7-92° at 27°; 6-82° at 47-5°; 5-80° at 63°; 4-62° at 88°; 
3:66° at 107°. 

@s67g 8°80° at 18°; 8-28° at 26°*; 7-20° at 47-5°; 6-28° at 62-5°; 4-94° at 
87°; 4-00° at 106°. 

G43s5 10-22° at 18°; 9-04° at 34°*; 6-96° at 61°; 6-26° at 70°; 5-52° at 
83-5°; 4:38° at 102°; 4-50° at 106°. 


* While eooling, 
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TABLE IT.—(continued). 
Ethyl. 

Density 0-9171 at 24°: 0-9068 at 36-5°; 0-8781 at 71-:5°; 0-8510 at 101-5°; 
0-8344 at 123°; 0-8145 at 144-5°. 

Ggy38 16-18° at 22°; 15-46° at 43°; 14-22° at 67°; 13-30° at 87-2°; 12-10° at 
111° *; 11-42° at 133°. 

546; 29°80° at 19°; 20-48° at 67°; 18-98° at 87°; 17-72° at 112°; 16-84° at 
121°; 15-90° at 140°. 

Gsogg 27°60° at 22°; 26-20° at 43°; 24-44° at 67°; 22-64° at 87°; 21-10° at 
111° *; 19-88° at 133°. 

ysp9 32°02° at 22°; 30-46° at 43°; 28-40° at 67°; 26-52° at 87°; 24-30° at 
113° *; 22-80° at 133°. 

tiers 34°38° at 22°; 32-28° at 43°; 30-42° at 67°; 28-22° at 87°; 26-16° at 
113° *; 24-70° at 133°. 

M4358 41-00° at 19°; 38-14° at 44°; 35-92° at 67°; 32-92° at 87°; 30-58° at 
112°; 28-24° at 131°. 


n-Propyl. 


Density 0-9058 at 28°; 0-8871 at 53°; 0-8662 at 78°; 0-8486 at 99°; 0-8342 
at 114°; 0-8312 at 120°. 

Ggisg 16°10° at 23°; 15-34° at 45°; 14-62° at 60°; 14-42° at 70° *; 13-96° at 
81°; 13-26° at 95-5°; 12-66° at 111°. 

sy¢1 23°52° at 22°; 22-16° at 45°; 20-86° at 62°; 20-22° at 72°*; 19-72° at 
81°; 18-86° at 94°; 17-98° at 111°. 

Qsosp 27°74° at 23°; 26-32° at 45°; 24-98° at 60-5°; 24-26° at 70-4°*; 23-38° 
at 81°; 22-36° at 95°; 21-62° at 110-5°. 

tyso9 31°78° at 23°; 30-06° at 45°; 28-42° at 61°; 27-72° at 71° *; 26-86° at 
81°; 25-66° at 95°; 24-68° at 111°. 

ters 33°80° at 23°; 32-00° at 45°; 29-98° at 62°; 28-34° at 80°; 27-04° at 
94-5°; 26-16° at 110°. 

443507 40-50° at 23°; 37-76° at 45°; 36-08° at 61-5°; 34-70° at 72°*; 33-88° 
at S1°; 32-54° at 94°; 30-98° at 110-5°. 


n- Butyl. 


Density 0-8973 at 27°; 0-8857 at 43°; 0-8686 at 65°; 0-8528 at 84°; 0-8308 
ab. ¥13°.. 

Ggygg 17-46° at 21°; 16-78° at 45°; 16-02° at 60-5°; 15-52° at 77°; 14-64° at 
94°; 14-32° at 104-5° *; 13-66° at 121°. 

Qs4g, 24°94° at 21-5°; 23-96° at 43°; 22-40° at 63°; 21-68° at 75-5°; 20-20° 
at 98°; 19°88° at 105-5°; 19-26° at 118°. 

Gogg 34°18° at 21°; 32-40° at 45°; 30-54° at 61-5°; 29-54° at ; 28-04° at 
96°; 27-28° at 105°; 26-30° at 120°. 

Gs599 29°76° at 21°; 28-24° at 45°; 26-74° at 61°; 25-72° at 77°; 24-46° at 
94-5°; 23-82° at 104-5° *; 22-96° at 120°. 

G4g7g 35°86° at 21°; 34-10° at 44°; 32-32° at 62°; 31-14° at 77°; 29-44° at 
96-5°; 28-62° at 105° *; 27-76° at 119°. 

G35g 43°36° at 22°; 38-54° at 62°; 37-08° at 75°; 35:98° at 84° *; 34-94° at 
97-5°; 34-00° at 106°; 33-00° at 120°. 


n-Amyl. 


Density 0-8871 at 29°; 0-8777 at 42°; 0-8484 at 80°; 0-8301 at 102°; 0-8153 
at 122°; 0-7994 at 141°. 

Gse93 20°26° at 22°; 19-12° at 41°; 18-62° at 58°; 17-98° at 74°; 16-84° at 
90°; 15-74° at 110°; 15-16° at 120°. 

4g, 24-00° at 20-5°; 22-72° at 41°; 21-98° at 57°; 21-32° at 73°; 19-88° 
at 93°; 19-36° at 106°; 18-06° at 120°. 

44353 41-50° at 21°; 39-30° at 41°; 37-90° at 57°; 36-48° at 72°; 33-90° at 
93°; 32-42° at 106°; 31-14° at 119°. 


nal 


* While cooling. 
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TABLE IT.—(continued). 
n-Hexyl. 


Density 0-8845 at 28-5°; 0-8742 at 43°; 0-8562 at 67°; 0-8420 at 86°; 
0-8230 at 108°; 0-7990 at 140°. 

@5g93 20°28° at 20-5°; 19-40° at 40°; 19-28° at 45-5°; 18-58° at 60°; 17-20° 
at 93°; 16-26° at 123°. 

@5461 24°08° at 20-5°; 22-80° at 40°; 21-64° at 59°; 20-68° at 74°; 19-70° 
at 98°; 19-26° at 111°; 18-58° at 122-5°. 

@335g 41:22° at 21°; 39-22° at 40°; 38-50° at 46°; 33-90° at 73-5°; 34-44° at 
94°; 33-18° at 112°; 32-30° at 122-5°. 


n-Heptyl. 


Density 0-8816 at 27°; 0-8728 at 39°; 0-8430 at 82°; 0-287 at 100°; 0-8167 
at 116°; 0-8052 at 131-5°. 

Ggizg 16-00° at 19°; 15-20° at 43°; 14-44° at 60°; 13-36° at 88-5°; 13-04° 
at 111-5°; 12-18° at 134°. 

@54g1 22°90° at 19°; 21-70° at 44°; 20-00° at 71°; 19-22° at 89°; 18-14° at 
111°; 17-32° at 134°. 

Gsogq 26°98° at 19°; 25-48° at 44°; 24-00° at 62°; 22-78° at 88-5°; 21- 
at 111-5°; 20-32° at 134°. 

@xgo9 30°92° at 19°: 29-22° at 44°; 27-44° at 64°; 26-16° at 88°; 24-74° at 
111°; 23-16° at 134°. 

Gyr 32°68° at 19°; 30-98° at 44-5°; 29-02° at 67°; 27-78° at 88°; 26-34° at 
111°; 24-58° at 134°. 

G4355 39°32° at 19°; 36-84° at 43°; 34-04° at 71°; 32-60° at 89°; 31-06° at 
110-5°; 29-58° at 134°. 


n-Octyl. 


Density 0-8809 at 26°; 0-8700 at 41-5°; 0-8565 at 60°; 0-8397 at 84°; 
0-8195 at 114°; 0-7981 at 142°. 

Gage 15-26° at 20-5°; 14-64° at 32°; 14-28° at 54°; 13-46° at 71-5°; 12-98° 
at 89°; 12-46° at 111-5°; 11-90° at 129°. 

G54g, 22-08° at 20-5°; 21-50° at 32°; 20-68° at 51°; 19-50° at 71°; 18-56° at 
93°; 17-68° at 109°; 17-18° at 126°. 

@soge 25°84° at 20-5°; 25-26° at 33°; 24-32° at 53°; 22-86° at 71°; 22-12° at 
89°; 20-86° at 110°; 20-02° at 128-5°. 

Gasoo 29°70° at 20-5°; 29-08° at 33-5°; 27°94° at 58-4°; 26-54° at 70°; 25-36° 
at 90°; 24-04° at 109°; 23-10° at 128-2°. 

Ggerg 31-54° at 20-5°; 30-82° at 35°; 29-56° at 51-6°; 28-10° at 69°; 26-78° 
at 90-5°; 25-52° at 107°; 24-42° at 127°. 

dyssg 37°44° at 21°; 36-82° at 32°; 35-26° at 51°; 33-08° at 77°; 31+ 
93°; 30-42° at 109-5°; 28-84° at 126°. 


n-Nonyl. 


Density 0-8822 at 25°; 0-8688 at 44°; 0-8561 at 63°, 0-8377 at 87-5°; 
0-8128 at 122°; 0-7989 at 143°. 

@5g93 18-32° at 21°; 17-68° at 37-5°; 16-40° at 66°; 15-96° at 85-5°; 15-46° 
at 98-5°; 15-10° at 111°*; 14-94° at 122°. 

Gs4¢, 21-88° at 21°; 21-10° at 38°; 20-34° at 49°; 19-72° at 68-5°; 18-76° at 
85°; 18-10° at 100°; 17-34° at 120°. : 

@ygsg 37°14° at 22°; 35-62° at 37-5°; 34-66° at 50°; 33-34° at 67-5°; 32-16° 
at 85° *; 30-86° at 100°; 29-42° at 119°. 


* While cooling. 
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TABLE IV. 


Determinations of Rotatory Power in (approx.) 5 per cent. Ethyl 
Alcohol Solution. 


Length of observation tube 20 cm. 


vols 


aJ Vue 


Grams ofsub- Observed rotation. 
stance in -—— 4 — 

100 c.c. of A A A 
Ether. solution. 5893. 5461. 4358. 
Methyl 5-00 . 0-49° 0-73° 
4:95 “9! 2-42 4:07 
5-01 . 2-41 4:14 
5-00 “BE 3:06 4-94 
4-91 é 3:06 5-02 
5-04 3:09 5°06 
5-07 3-02 5-00 
4:95 2-95 4°85 
5-04 2-99 4-90 
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TABLE V. 


Determinations of Rotatory Power in (approx.) 5 per cent. Carbon 
Disulphide Solution. 


Length of observation tube 20cm. T= 17°. 


Grams of sub- Observed rotation. [a],- 
stance in 
100 c.c. of A x 

Ether. solution. . 6461. : . 5461. 

Methyl 5-00 6 3:95° 2 & 2 39-5° 
5-01 i 5-15 . . 51-4 94-3 
§-21 . . 52-1 93-2 
5-28 . . 53-0 95-2 
4-83 3 “f 48-1 89-1 
4-98 . . 49-9 90-3 
4-60 -( 38: 47-2 82-1 
4-60 5°26 37:6 45-6 81-9 
4-43 3° : 44-6 80-6 
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IV.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XVI. The 
Di-d-B-octyl Esters of the Saturated Dicarboxylic 
Acids. 

By Leste HALL. 


AmoncG the results which emerge from this series of investigations 
are the interesting differences which have been observed in the 
optical rotatory and rotatory dispersive powers of aliphatic 
secondary alcohols and aliphatic ethers derived from them, on the 
one hand, and of aliphatic esters derived from the same alcohols, 
on the other. 

Considering the rotatory powers first, it has been shown that 
those of the esters are, in general, much more susceptible to the 
influences of temperature, dissolution, and concentration than are 
those of the alcohols from which they are derived and of the ethers 
which may be derived from the same alcohols. Compare, for 
example, the differences in the temperature-rotation curves of 
d-sec.-octyl alcohol and of d-sec.-octyl acetate (Part I, T., 191], 
99, 50; Part V, T., 1914, 105, 837) and in the alterations in 
rotatory power which they respectively exhibit in certain solvents, 
notably carbon disulphide. 

A legitimate deduction which may be drawn from a consideration 
of these and other facts is that the differences in behaviour shown 
by the esters may be due to some inherent property of the carb- 
oxy] group, and in order to obtain further evidence bearing on this 
point, a series of optically active esters derived from d-sec.-octyl 
alcohol and some saturated aliphatic normal dicarboxylic acids has 
been prepared and their optical behaviour investigated. 

A series of optically active esters of aliphatic dibasic acids has 
been previously described in the literature by Walden (J. Russ. 
Phys. Chem. Soc., 1898, 30, 767), who used the fermentation amy! 
alcohol; this, however, was not optically pure (compare Marckwald 
and McKenzie, Ber., 1901, 34, 485), so that any deductions derived 
from a consideration of his results are unreliable. 

Moreover, in this and other earlier work, the optical rotatory 
powers were determined for light of one wave-length only, and the 
measurements made only at the temperature of the laboratory. 

The results of the polarimetric determinations. tabulated on 
pp. 41 and 42, show that the esters herein described exhibit com- 
plex rotatory dispersion under all conditions employed, namely, 
in the homogeneous condition at temperatures from 20° to 130°, 


R 


an 
‘orc 

] 
ob: 


ROTATORY POWER ON CHEMICAL CONSTITUTION. PART XvI. 33 


and in solution in carbon disulphide and in ethyl alcohol at the 
ordinary temperature. 

Not more than one ester, however, d-f-octyl succinate, was 
observed to exhibit anomalous rotatory dispersion in the region 
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Number of methylene groups in acid (n). 
The d-B-octyl esters of the dibasic acids (CH,),(CO-OH),. 


A. [a]*,, in the homogeneous state. 
B. [a]sig1 tn 5% solution in ethyl alcohol. 
C. [a]sgo3 92 99 a » carbon disulphide. 


of the spectrum studied, and then only in 5 per cent. solution in 
ethyl alcohol at 18°. 

An examination of the curves (Fig. 1) obtained by plotting the 
specific rotatory powers of the various esters against the number 
of methylene groups in the respective acids, shows : 

(1) The oxalic ester possesses a particularly large optical rota- 
tion: a similar result was observed by Hilditch in the case of 
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l-menthyl oxalate (T., 1909, 95, 1581), and the explanation of this 
given by Hilditch, namely, that the contiguity of the two carboxy] 
groups in the oxalic acid residue is the cause of the exaltation in 
its esters, appears to be satisfactory. 

(2) The succinic ester has a very small rotation. Now it has 
been observed in these series of investigations that chains of five, 
ten, fifteen, etc., atoms are often associated with peculiarities in 
optical behaviour. If the formula of this ester be written as 
follows, 

CH,°CH(C,H,,)-O-CO-CH, 
H,C*CO-0-CH(C,H3)°CH; 
it is apparent that there is the possibility of two chains con- 
taining five atoms or of two containing ten atoms, each influencing 
abnormally the magnitude of the optical rotatory power. 

(3) The rotation values are alternately high and low as the 
series is ascended. This may be due to the alternate members 
of the oxalic acid series possessing a cis- or trans-configuration 
respectively. An analogous alternation is also known in a number 
of other physical properties of this series, for example, the melting 
points, solubility in water, solubility of the calcium salts, melting 
points of the methyl esters. 

This view of the alternate cis- and trans-structure of this series 
has received support from the recent work of Irvine and Steele 
(T., 1915, 107, 1221) and Price and Brazier (ibid., 107, 1719). 

The latter authors, as a result of their work on the formation 
of additive compounds of complex metallic ammines with these 
dicarboxylic acids, make the tentative suggestion that oxalic, 
succinic, and adipic acids possess a trans-configuration, whilst 
malonic and glutaric acids possess a cis-configuration. Such con- 
siderations on stereochemical grounds render untenable any assump- 
tion of the configuration of the succinic ester as containing chains 
of fifteen or twenty atoms, but it is suggested that the assumption 
of a configuration made up of two spirals agrees with the hypo- 
thesis advanced to account for the low rotation of the ester. 


EXPERIMENTAL. 


The active 8-octanol required for the preparation of the esters 
was made by the method described by Kenyon (T., 1922, 121, 
2540). : 

Of the dibasic acids employed, suberic and sebacic acids were 
obtained from Kahlbaum, whilst the others were prepared by the 
following methods : 

Glutaric acid from trimethylene cyanide (Auger, Ann. Chim. 
Phys., 1901, [vi], 22, 357). 
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Adipic acid by the oxidation of cyclohexanol with nitric acid 
(Bouveault and Locquin, Bull. Soc. chim., 1908, [iv], 3, 438). 

Pimelic acid from trimethylene bromide and malonic ester 
(Blaise and Koehler, zbid., 1909, [iv], 5, 687). 

Azelaic acid from castor oil (Maquenne, ibid., 1899, [iii], 21, 
1061). 

n-Nonane-, n-decane-, and n-undecane-dicarboxylic acids from 
undecenoic acid. The undecenoic acid was converted into w-bromo- 
undecoic acid by the method of Walker and Lumsden (T., 1901, 79, 
1191). After a number of trials, it was ascertained that good 
yields of w-bromoundecoic acid can only be obtained by this method 
if the undecenoic acid is carefully purified beforehand by rapid 
distillation under diminished pressure. 

The acid chlorides were prepared by mixing the pure dry acids 
with thionyl chloride (H. Meyer, Monaish., 1901, 22, 421); the 
acid chlorides of the higher members of the series were not dis- 
tilled owing to their instability at the high temperatures necessary. 

d-8-Octyl oxalate was prepared by three methods: (i) by heating 
anhydrous oxalic acid with four times its weight of d-B-octyl 
alcohol at 150° for two hours followed by fractional distillation 
under diminished pressure; (ii) by heating ethyl oxalate with 
d-8-octyl alcohol (2 mols.) (a) at 175—180° for about ten hours in 
an uncorked flask, or (6) at 195—205° for about ten hours in a small 
aluminium autoclave, followed in each case by fractional distil- 
lation; (iii) by using methyl oxalate and working up the product 
as under (ii). 

The following products were isolated as colourless liquids: 
d-8-octyl oxalate, b. p. 198—199°/11 mm., very faint odour; 
d-8-octyl ethyl oxalate, b. p. 138—140°/20 mm., fruity odour; 
and d-8-octyl methyl oxalate, b. p. 130—132°/20 mm., fruity 
odour. 

d-8-Octyl malonate was prepared by method (ii) as described 
under the oxalate, using ethyl malonate, and also by method (i) 
with the modification that the mixture of malonic acid (7 grams) 
and d-8-octyl alcohol was treated with dry hydrogen chloride 
until 1 gram had been absorbed before it was heated at 100° for 
three hours. The reaction product was washed with sodium 
carbonate solution before distillation. 

The following substances were isolated as colourless liquids : 
d-8-octyl malonate, b. p. 158—160°/19 mm., fruity odour; and - 
d-8-octyl ethyl malonate, b. p. 198—200°/19 mm., fruity odour. 

d-8-Octyl ethyl malonate was prepared also by the interaction 
of d-8-octyl alcohol and the acid chloride of ethyl hydrogen 


malonate. 
c2 
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TABLE III. 
Observed Densities and Rotatory Powers of the Esters. 
Rotations are here given as for a 1-dcem. tube. 


d-B-Octyl oxalate. 


Di 0-9147 at 26°; 0-9040 at 40-5°; 0-8863 at 63°; 0-8720 at 80-5°; 0-8563 
at 100°. ° 

Gsg93 20°94° at 18-8°; 20-48° at 27-3°; 19-98° at 41°; 17-20° at 82°; 16-62° 
at 97°; 15-94° at 124°. 

sg, 24°52° at 18-8°; 23-78° at 27-5°; 21-64° at 49°; 19-84° at 80°; 18-86° 
at 97°; 17-98° at 130°. 

M358 37°62° at 19-4°; 36-76° at 27-5°; 33-26° at 49°; 31-46° at 80°; 29-80° 
at 98°; 28-20° at 130°. 


d-8-Octyl malonate. 


Di 0-9189 at 21-2°; 0-9005 at 45-5°; 0-8837 at 65°; 0-8706 at 80°; 0-8574 
at 99°; 0-8395 at 122-5°. 

gig 8°48° at 19-2°; 7-32° at 40°; 5-74° at 77°; 5-04° at 102°; 4-72° at 122°; 
4-12° at 158°. 

sy, 11-76° at 19-2°; 10-24° at 41°; 8-16° at 76°; 7-04° at 100°; 6-34° at 
122°; 5-72° at 158°. 

tose 13°60° at 19-2°; 11-60° at 40°; 9-08° at 77°; 7-70° at 102°; 7-08° at 
122°; 6-28° at 157°. 

ajs09 15°18° at 19-2°; 12-86° at 40°; 10-02° at 77°; 8-56° at 102°; 7-86° at 
122°; 6-72° at 157°. 

tysrg 15°G4° at 19-2°; 13-52° at 40°; 10-70° at 77°; 9-14° at 102°; 8-28° at 
122°; 7-26° at 157°. 

y33g 17°82° at 19-2°; 15-02° at 41°; 11-86° at 76°; 10-12° at 100°; 9-00° at 
122°; 7-72° at 158°, 


d-8-Octyl succinate. 


Di 0-9175 at 19-7°; 0-8982 at 44-5°; 0-8853 at 60-3°; 0-8700 at 81-2°; 
0-8511 at 107°; 0-8405 at 120-5°; 0-8222 at 142°; 0-8072 at 
162-5°. 

Quigg 3°76° at 19-2°; 336° at 57°; 3-14° at 81°; 3-10° at 128°; 3-14° at 144°. 

sxe, 504° at 19-2°; 4-64° at 56°; 4:14° at 82°; 4-26° at 126°; 4-06° at 144°. 

Gsygg 5°48° at 19-2°; 4-86° at 57°; 4-50° at 81°; 4-64° at 128°; 4-56° at 144°, 

Qigo9 612° at 19-2°; 5-28° at 59°; 4-96° at 81°; 4-94° at 128°; 4-88° at 144°. 

Qie7g 646° at 19-2°; 5-60° at 59°; 5-44° at 81°; 5-30° at 128°; 5-12 


1 
aiygg 7°02° at 19-2°; G-02° at 56°; 5-72° at 81°; 5-56° at 126°; 5-52° at 144°, 


d-2-Octyl glutarate. 


Di 0-9204 at 15°; 0-9040 at 35-5°; 0-8921 at 50-5°; 0°8688 at 82-5°; 0-8543 
at 100°; 0-8358 at 124°; 0-8213 at 143°; 0-8035 at 164°. 

ts:33 670° at 17°; 5-92° at 37-6°; 4-70° at 69°; 4:14° at 98°; 3-80° at 125°; 
3-52° at 147°. 

ts4¢, 9°78° at 17°; 832° at 37-2°; 6-84° at 68°; 5-78° at 99°; 5-24° at 122°; 
4:74° at 148°. 

Qsogg 10-88° at 17°; 9-52° at 37-6°; 7-48° at 69°; 6:52° at 98°; 5-62° at 125°; 
5-42° at 147°. 

yg) 12:12° at 17°; 10-50° at 37-6°; 8-22° at 69°; 7-18° at 98°; 6-56° at 125°; 
6-08° at 147°. 

tygrg 12-60° at 17°; 11-02° at 37-6°; 8-70° at 69°; 7-56° at 98°; 6-98° at 125°; 
6-38° at 147°. 

tyg5¢ 14-88° at 17°; 12-38° at 37-2°; 10-04° at 68°; 8-68° at 99°; 8-00° at 
122°; 7-12° at 148°. 
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d-8-Octyl adipate. 


pt 0-:9072 at 28°; 0-8933 at 46-25°; 0-8774 at 68°; 0-8602 at 90-5°; 0-837] 
at 124°. 

Gsg93 10-20° at 198°; 9-90° at 28-5°; 8-50° at 60°; 7-36° at 85°; 6-74° at 
108°; 6-02° at 121°. 

@51g, 11-58° at 19-8°; 11-14° at 28-5°; 9-34° at 59°; 842° at 84°; 7-24° at 
108°; 6-86° at 122°. 

4353 18:20° at 19-8°; 17-32° at 28-5°; 15-10° at 59°; 13-28° at 84°; 11-46° 
at 108°; 10-86° at 122°. 


d-8-Octyl pimelate. 


Df 0-9111 at 21°; 0-8948 at 41-5°; 0-8792 at 63-5°; 0-8666 at 80-5°; 0-8519 
at 99-5°; 0-8347 at 123°; 0-818] at 143°; 0-8058 at 161°. 

aeise 868° at 19-5°; 7-76° at 37-2°; 6-32° at 73°5°; 5-78° at 97°; 5-10? at 
127°; 4-68° at 145°. 

Gs4g, 12-02° at 19-5°; 10-38° at 39°; 832° at 73-5°; 7-58° at 99-2°; 6-78° 
at 126°; 6-20° at 145°. 

G53 14:00° at 19-5°; 12-40° at 38°; 9-70° at 76°; 8-70° at 97°; 8-08° at 
127°; 7-44° at 145°. 

Gy59) 15-68° at 19:5°; 13-78° at 38°; 10-62° at 74°; 9-92° at 97°; 9-02° at 
127°; 8-02° at 145°. 

ty7g 16-G0° at 19-5°; 14-22° at 39°; 11-06° at 73°; 10-58° at 97°; 9-52° at 
127°; 9-00° at 145°. 

4353 18-80° at 19-5°; 16-02° at 40°; 12-86° at 73°; 11-54° at 99-2°; 10-60° 
at 126°; 10:04° at 145°. 


d-8-Octyl suberate. 


Di: 0-9084 at 20°; 0-8925 at 41°; 0-8788 at 60-7°; 0-8640 at 80-5°; 0-8492 
at 100°; 0-8285 at 128°. 
sg93 9°80° 5 22-6°; 8-92° at 149°; 7-56° at 76°; 6-56° at 92°; 6-06° at 102°; 
‘56° at 127°. 
"anes 11-56" oo 22-6°; 10-04° at 48°; 8-42° at 75°; 7-76° at 92°; 7-56° at 
102°; 7-14° at 127°. 
4353 17°58° at 22-6°; 15-50° at 48°; 14-26° at 75°; 15 at 92°; 12-08° at 
102°; 10-72° at 127°. 


d-8-Octyl azelate. 


Di: 0-9053 at 20°; 0-8908 at 40-8°; 0-8768 at G0-7°; 0-8640 at 80°; 0-8486 
at 100°; 0-8324 at 121°; 0-8191 at 142°; 0-8037 at 163°; 0-7874 
at 185°; 0-7695 at 210°. 

Geigg 818° at 19-4°; 6-94° at 51-7°; 6-48° at 67°; 5-98° at 95°; 5-30° at 
107°; 488° at 129°. 

@54¢1 11-66° at 19-4°; 9-94° at 45°; 8-98° at 67°; 8-26° at 80°; 7-80° at 95° 
7-62° at 107°; 7-04° at 129°. 

@sog¢ 13°28° at 19-4°; 11-52° at 51-7°; 10-36° at 67°; 9-98° at 80°; 8-94° at 
95°; 858° at 107°; 7-52° at 129°. 

G@sgo9 14:76° at 19-4°; 12-62° at 51-2°; 11-50° at 67°; 10-90° at 80°; 9-94° 
at 95°; 9-38° at 107°; 8-40° at 129°. 

ayg7g 15°40° at 19-4°; 12-92° at 51-7°; 11-98° at 67°; 11-24° at 80°; 10-24° 
at 95°; 9-82° at 107°; 8-68° at 129°. 

4353 17-96° at 19-4°; 15-12° at 47°; 13-56° at 67°; 13-08° at 80°; 11-90° at 
95°; 11-68° at 107°; 10-52° at 129°. 
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d-8-Octyl sebacate. 


Di: 0-0935 at 20-6°; 0-8898 at 39-8°; 0-8730 at 79°; 0-8474 at 99-8°; 0-8305 
at 123°; 0-8137 at 146°; 0-8019 at 163°. 

dgigg 7°98° at 18-8°; 6-38° at 48-8°; 5-46° at 78°; 4-88° at 99°; 4-64° at 128°; 
4-12° at 152°. 

54g, 10-86° at 18-8°; 9-34° at 51°; 7-56° at 77-5°; 6-50° at 106°; 5-94° at 
130°; 5-26° at 155°. 

dss 12-84° at 18-8°; 10-58° at 48-8°; 8-88° at 78°; 7-84° at 100°; 7-04° at 
128°; 6:42° at 152°. 

44800 ae 11-64° at 48-8°; 9-62° at 79°; 8-80° at 101°; 7-56° at 


ayers 15°28° at 18-8°; 12-30° at 48-8°; 988° at 80°; 8-88° at 102°; 8-42° at 
128° 


ty3s8 17°16° at 188°; 13-72° at 51°; 12-00° at 77-5°; 994° at 106°; 9-10° 
at 130-5°; 8-70° at 155°. 


d-8-Octyl n-nonane-x-dicarboxylate. 


DE 0-8991 at 25°; 0-8839 at 46°; 0-8744 at 61-5°; 0-8612 at 79°; 0-8463 
at 98°. 

Qsg93 9°36° at 20°; 8-42° at 37°; 8-04° at 48-2°; 7-40° at 65°; 6-98° at 81°; 
5-96° at 103°; 5-20° at 120°; 4-64° at 132°. 

sg, 10°64° at 20°; 9-50° at 37°; 8-84° at 47°; 8-26° at 65°; 7-62° at 81°; 
6-70° at 97°; 6-02° at 118°; 5-34° at 132°. 

4353 16°58° at 20°; 14-48° at 37°; 13-58° at 47°; 12-68° at 65°; 11-58° at 
81°; 10-58° at 97°; 8-90° at 120°; 8-22° at 132°. 


d-8-Octyl n-decane-ax«-dicarboxylate. 


Di 0-8960 at 30°; 0-8810 at 50-5°; 0-8678 at 69°; 0°8543 at 89°; 0-8266 
at 124°; 0-8110 at 142°. 

Gsg93 9°38° at 20-2°; 8-24° at 35°; 7-60° at 54°; 6-94° at 71°; 6-26° at 85°; 
5-92° at 99°; 5-60° at 120°. 

4546, 10-22° at 20-2°; 9-68° at 33°; 8-40° at 54°; 7-96° at 71°; 7-24° at 85°; 
6-70° at 99°; 6-16° at 120°; 5-90° at 133°. 

Gig5g 15°38° at 20-2°; 14-20° at 33°; 12-80° at 54°; 12-00° at 71°; 11-$2° 
at 85°; 10-72° at 99°; 9-70° at 120°. 


d-8-Octyl n-undecane-«\-dicarboxylate. 


Di 0-8894 at 31°; 0-8746 at 51°; 0-8606 at 70°; 0-8468 at 90°; 0-8231 at 
120°; 0-8021 at, 142°. 

Gse9g 828° at 21°; 7-94° at 32°; 7-52° at 49°; 7-:32° at 71°; 6-86° at 95°; 
6-66° at 110°; 6-26° at 126°. 

fie, 9°96° at 21°; 9-44° at 32°; 8-90° at 50°; 8-16° at 71°; 7-58° at 95°; 
7-00° at 110°; 6-68° at 126°. 

M355 15-66° at 21°; 14-46° at 32°; 13-50° at 50°; 12-18° at 71°; 11-06° at 
95°; 10-14° at 110°; 9-66° at 126°. 


d-8-Octyl methyl] oxalate. 


Di 0-9745 at 30°; 0-8563 at 50°; 0-9380 at 70-5°; 0-9183 at 90°; 0-8894 at 
119°; 0-8636 at 140°. 

Qse93 14-04° at 19°; 13-08° at 34°; 11-90° at 64°; 11-14° at 90°; 10-24° at 
112°; 9-56° at 126°. 

Gsye, 16°54° at 19°; 15-04° at 35°; 14-00° at 60°; 12-38° at 90°; 11-44° at 
112°; 10-74° at 126°. 

Qissg 25°72° at 19°; 24-00° at 34°; 22-10° at 59°; 19-62° at 90°; 18-68° at 
112°; 17-42° at 126°, 
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d-8-Octyl ethyl oxalate. 


Df 0-9574 at 26-5°; 0-9428 at 43°; 0-9251 at 62-5°; 0-9067 at 82°. 

Gs 593 13:20" af 24°; 11-88° at 53°; 11-58° at 73°; 11-08° at 96°; 10-84° at 
16°. 

@54, 15°40° at 24°; 13-60° at 53°; 12-62° at 73°; 12-14° at 96°; 11:60° at 116°, 

Sate 8-08" 9s 24°; 21-24° at 53°; 19-46° at 73°; 18-08° at 96°; 16-98° at 
16°, 


d 8-Octyl ethyl malonate. 


Di 0-9519 at 28°; 0-9328 at 49°; 0-9175 at 68°; 0-8867 at 100-5°. 

G55,3 8°82° at 21-5°; 7-86° at 35°; 7-02° at 54°; 6-24° at 75°; 5-90° at 92°. 
5-18° at 108°. 

@s4g, 10:38° at 21-5°; 9-16° at 35°; 7-92° at 55°; 7-18° at 75°; 6-64° at 93°; 
5-78° at 111°. 

@4353 16°52° at 21-5°; 14-94° at 35°; 13-02° at 55°; 11-84° at 75°; 10-64° at 
93°; 886° at 110°. 


1-8-Octyl methyl succinate. 


Dt: 0-9627 at 25°; 0:9508 at 39-5°; 0-9330 at 60°; 0-9164 at 80°; 0-8989 at 
100°; 0-8782 at 123°. 

Gap: — 3°42° at 19-5°; — 3-32° at 36°; — 3-12° at 58°; — 2-88° at 84°; 
— 2-58° at 106°; — 2-38° at 126°. 

G54, — 3°84° at 19-5°; — 3-76° at 34°; — 3-46° at 58°; — 3-14° at 86°; 
— 2-84° at 106°; — 2°56° at 125°. 

@4353 — 5°64° at 19-5°; — 5-46° at 35°; — 5-04° at 58°; — 4-64° at 86°; 
— 4-34° at 106°; — 4-08° at 125°. 


d-8-Octyl ethyl succinate. 


Df. 0-9614 at 17-4°; 0-9434 at 39-5°; 0-9223 at 63-3°; 0-9090 at 79°; 0-8904 
at 102°; 0-8746 at 123°. 

Geagg 2°40° at 18-2°; 2-24° at 30-2°; 2-16° at 52°; 2-06° at 79°; 1-94 at 107°; 
1-64° at 124°. 

@54g, 3°58° at 18-2°; 3-36° at 30-5°; 3-22° at 51°; 3-06° at 80°; 2-80° at 107°; 
2-76° at 120°. 

Gsog¢ 3°94° at 18-2°; 3-68° at 30-2°; 3-46° at 52°; 3-20° at 78°; 2-92° at 
107°; 2-92° at 121°. 

G99 4°24° at 18-2°; 4-08° at 30-2°; 
3-22° at 121°. 

@sg73 4°42° at 18-2°; 4-28° at 30-2°; 3-92° at 52°; 3-74° at 78°; 3-68° at 107°. 

@435g 5°22° at 18-2°; 4-90° at 30-5°; 4-58° at 51°; 4-28° at 80°; 4-08° at 107°. 


3-72° at 52°; 3-50° at 78°; 3-40° at 107°; 


d-8-Octyl succinate was prepared by method (ii) using ethyl 
succinate, by method (iii) using methyl succinate, and also by 
the interaction of succinyl chloride and d-8-octyl alcohol. 

The products obtained were: d-f-octyl succinate, b. p. 
208—211°/16 mm., very faint odour; d-B-octyl ethyl succinate, 
b. p. 160—162°/16 mm., fruity odour; and /-8-octyl methyl suc- 
cinate, b. p. 163—164°/15 mm., fruity odour. 

The remaining esters were obtained by the interaction of d-f- 
octyl alcohol and the required acid chloride as colourless, somewhat 
viscous, almost odourless liquids and possessed the following boiling 
points : glutarate, b. p. 175—177°/3 mm. ; adipate, b. p. 175°/2 mm. ; 
pimelate, b. p. 188—190°/3 mm.; suberate, b. p. 202—204°/3 mm. ; 
azelate, b. p. 208—210°/2 mm.; sebacate, b. p. 240—242°/7 mm. ; 
n-nonanedicarboxylate, b. p. 205—207°/1 mm.; n-decanedicarb- 
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oxylate, b. p. 205—210°/1 mm.; and n-undecanedicarboxylate, 
b. p. 215—217°/2 mm. 

The last ester in the list solidified on keeping to a mass of colour. 
less plates which melt at 21°. 

The esters were not analysed in the usual way, as agreement 
between the experimentally determined and the calculated valucs 
of the molecular refraction was considered to be a more satis. 
factory criterion of purity. 

Density determinations were carried out between 20° and 130°, 
a carefully calibrated pyknometer of about 3 c.c. capacity being 
used, 

Refractive indices were determined at a constant temperature 
for light of several wave-lengths by means of a refractometer of 
the Pulfrich type. 

The polarimetric measurements were made in a 50 mm. jacketed 
tube round which mineral oil was circulated by means of a pump. 
Observations were made from 20° to about 140° at temperature 
intervals of about 20°, but in Table III rotations are given as for a 
1-dem. tube. 

That no racemisation had occurred during the preparation of the 
esters or during their subsequent heating or treatment with solvents 
was proved by the fact that all the esters on subsequent hydrolysis 
yielded sec.-octyl alcohol of maximum rotation. 

For observations of rotatory power in solution, about 1 gram of 
the active ester was dissolved in the solvent and the solution made 
up to 20 c.c. at the temperature of the laboratory. Determinations 
of rotatory power were made in a 2-dem. tube. 


The author wishes to express his thanks to the Department of 
Scientific and Industrial Research for a maintenance grant which 
has enabled him to carry out this work, and also to Dr. J. Kenyon 
and Mr. H. Hunter for their interest and guidance. 
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V.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XVII. A 
New Type of Walden Inversion. 


By Henry PaIL.ies, 


In the examples of the Walden inversion so far recorded, an entire 
group attached to the asymmetric carbon atom of an optically 
active compound suffers two or more displacements. By this 


ylate, 
lour. 


ment 
alucs 
satis. 


130°, 
eing 


‘ture 
r of 


eted 
mp. 
ture 
or a 


the 
ants 
ysis 


1 of 
ade 
ons 


ROTATORY POWER ON CHEMICAL CONSTITUTION, PART XVII. 45 


means either the same compound of opposite configuration is 
obtained or, by conducting one displacement under two different 
sets of conditions, products are obtained which are opposite in 
sign : 
‘an se _» d-Malic acid 
Malic acid —- d-Chlorosuccinic acid 
xox 1-Malic acid 


The above scheme, due to Walden (Ber., 1896, 29, 113), illus- 
trates both types. They are, therefore, processes occurring in 
two stages. At one of these stages an “ abnormal ”’ reaction occurs 
resulting in a change of configuration, but at which one it is im- 
possible to decide. In both reactions a group attached to the 
asymmetric carbon atom is replaced. Does the entering group 
in the first displacement take up the same position relative to the 
three remaining groups as that vacated by the group displaced ? 
The sign of rotation of the product cannot be relied upon to give 
a correct answer to this question. Many instances are known in 
which substitution occurs remote from the asymmetric carbon 
atom, yet produces a reversal of sign. In such cases no change of 
configuration can be assumed, and therefore it is evident that 
change of sign does not necessarily coincide with change of con- 
figuration. 

Attempts have been made to overcome this difficulty and to 
provide a method of determining whether a given reaction is 
abnormal from a consideration of the mechanism of the reactions 
in question by, inter alios, Armstrong (T., 1896, 69, 1399), Gadamer 
(Chem. Ztg., 1910, 34, 1004), and Biilmann (Annalen, 1911, 388, 
338). Further, Clough (T., 1918, 143, 526) has suggested certain 
principles by which the relative configurations of similarly con- 
stituted compounds can be determined. 

In the examples of the Walden inversion to be described, how- 
ever, we can on general grounds single out the particular reactions 


7 which occur with configurational change. When d-benzylmethyl- 


carbinol is allowed to react with p-toluenesulphonyl chloride in 
the presence of pyridine, benzylmethylcarbinyl p-toluenesulphonate 
is obtained. 


CH; 


In this reaction, complete substitution of a group attached to 
the asymmetric carbon atom does not occur, the hydrogen atom 
of the hydroxyl group alone suffers displacement. It is justifiable 


46 PHILLIPS : INVESTIGATIONS ON THE DEPENDENCE OF 


therefore, to refer to the sulphonic ester prepared in this way from 
the dextrorotatory alcohol as the d-sulphonate, and it is interesting 
to note that when this is dissolved in benzene, chloroform, ethyl 
alcohol, carbon disulphide, or pyridine, the solutions obtained are 
all dextrorotatory. 

When this d-sulphonate is treated with sodium ethoxide in 
benzene or, better, heated under reflux in absolute alcoholic solution 
in the presence of solid potassium carbonate, the ethyl ether of 
benzylmethylearbinol is formed and has in this case a levo. 
rotation. 

If, however, d-benzylmethylearbinol be converted into its 
potassium derivative and the latter allowed to react with ethyl 
p-toluenesulphonate, the ethyl ether of benzylmethylcarbinol 
produced has a dextrorotation. 


C eH" 5s CHN OH . , CoHs ‘CHIN O- SO, *C 7H, EtOH od oH; > 
(i i CH,~ POS ed POR K,00, > 
a 33: 02° (for [a]. .¢, + 31-11° (in benzene ; 7 “! “90° (for 
100 mm.). c= 8). 100 mm.). 
Dextro-rotation Dextro-rotation Lwvo-rotation 
and -configuration. and -configuration, and -configuration, 
\ 
N 
e EtB Eto 80,°C,E marl . 
C,H; eee H, o CH, >c<ps — C,H; eS 
(ii.) CH, CH, 
ot 23. 50° (for one Fi 19-84° (for 
100 mm.). 100 mm.). 


Dextro-rotation Dextro-rotation 
and -configuration. and -configuration. 


ariel 


What is the sign of rotation of the ethyl ether which corresponds 
in configuration to the d-alcohol? This can be decided by the 
fact that the potassium derivative of the d-alcohol gives a dextro- 
rotatory ethyl ether when treated with ethyl bromide, a reaction 
in which configurative change is unlikely to occur. 

In the first series of reactions, however, the levorotatory ethyl 
ether of benzylmethylcarbinol is obtained from the dextrorotatory 
sulphonate, which can be said to have the same configuration as 
d-benzylmethylcarbinol. The conclusion can therefore be drawn 
that when the dextrorotatory sulphonate reacts with ethyl alcohol 
in the presence of potassium carbonate, the l-ethyl ether of benzy]- 
methylearbinol is produced, the configuration of which is the 
opposite to that of the dextrorotatory sulphonate used. 

This is a definite change in configuration in one stage and there- 
fore it is a definitely “‘ abnormal ”’ reaction. 

How does this conclusion agree with the usually adopted views 
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of the mode of reaction of sulphonic esters? Ferns and Lapworth 
(T., 1912, 101, 273) have shown that the reactions of these esters 
resemble very closely those of the alkyl haloids. 


(HCH 
, iH >C<o. SO,-C,H, CH CH, Hiscc 
(L) *Et0'H (II.) 


i+ K,CO, EtO- SO,°C,H, 


Adopting these views, it is apparent that in reaction I, involving 
the complete replacement of a group from the asymmetric carbon 
atom, change of configuration is possible, but in reaction II, in 
which bonds of the asymmetric carbon atom remain undisturbed, 
itis unlikely. This is in agreement with the results obtained. 

On examination of the magnitudes of the rotations of the ethyl 
ethers of benzylmethylcarbinol obtained by the three separate 
methods another important conclusion can be drawn. The 
“abnormal ”’ reaction occurs with almost complete configurative 
change. The rotatory power of the ether prepared from the 
potassium derivative of the alcohol and ethyl bromide is higher 
than that of the ether prepared by the other two methods, in which 
a loss in rotatory power might be suspected. 

It was decided to extend the investigation and endeavour to 
prepare a compound from d-benzylmethylcarbinyl p-toluene- 
sulphonate with complete change of configuration. For such a 
purpose the compound should be one from which the alcohol could 
be recovered by methods not likely to cause racemisation or con- 
figurative change, so that the rotation of the recovered alcohol 
could be compared with that of the original. It was found that 
such compounds, for example, benzylmethylcarbinyl esters of 
carboxylic acids, could be readily prepared by the interaction of 
the potassium salts of these acids and the p-toluenesulphonate in 
alcoholic solution. Lzevorotatory benzylmethylearbinyl acetate 
was prepared from pure d-benzylmethylcarbinol by the following 
cycle of reactions : 


C,H; pom _> % H;*CH KO-00-CH, 
H>C<OH CH>C<0.50,08,— 
“a ) (IV.) 
az. + 33°02° (for 100 mm.). [a]; 4g, + 31-11° (in benzene solution). 
C,H;° ‘cae C,H;° a 
, H>C<O. CO-CH, > ° *cH> C<On 


(V.) w 4 ) 
a", — 7-06° (for 100 mm.). az.) — 32°18° (for 100 mm.). 


* Or sodium ethoxide. 
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The esters derived from d-benzylmethylcarbinol and the normal § 20 9 
aliphatic acids have been prepared and their optical properties § and 
fully described in Part VIII of these investigations (T., 1914, 105, § p-to 
2261). The acetate prepared from the d-alcohol by the action § o it 
of acetic anhydride is dextrorotatory (a3, -+- 7°13° *) and on hydro. § me? 
lysis with alcoholic sodium hydroxide yields the d-alcohol of D 
unchanged rotatory power. That both these reactions should be § -t© 
accompanied by complete configurative change is unlikely and § eth) 
hence it may be assumed that dextrorotatory benzylmethylcarbiny| § p-t 
acetate has the same configuration as the dextrorotatory alcohol. A 
In the above cycle of reactions, however, this ester is obtained with forv 
a levorotation from a dextrorotatory sulphonate, the configuration § occ’ 
of which can be said to be dextro. phe 
The passage from IV to V therefore occurs by a definitely J the 
abnormal reaction, and the almost complete inversion of con- f 
figuration is clearly demonstrated by these reactions. rea 
The J-ethyl ether of benzylmethylearbinol was also formed car 
during the preparation of the acetate, being produced by the foll 
interaction of the d-sulphonate and ethyl alcohol, used as the 
reaction medium, in the presence of potassium acetate. It had 
is, — 21°92°, being higher in rotation than that prepared pre- A. 
viously. Its presence necessitated very careful fractional distil- 
lation of the product, since the boiling points of the acetate and of 
the ethyl ether are fairly close. 
To ensure that the ester obtained was uncontaminated with 
this ether, a further series of reactions was undertaken in which B. 
the n-valerate was substituted for the corresponding acetate. 
In these reactions, a specimen of l-benzylmethylecarbinol with 
agis, — 24°94° was converted through the corresponding sulphonate 
into the n-valerate, which had aj + 9°76° and gave when hydro- 
lysed a d-alcohol with a3, -+- 23°98°. Again the loss in rotatory 
power was small and complete confirmation of the other reaction “ 
was thus obtained. a 
Ferns and Lapworth (loc. cit.) also raise another point which is 
of interest. Discussing the reaction which occurs between phenyl p 
p-toluenesulphonate and sodium ethoxide, they point out that in 3 
this case it must be regarded as occurring in two stages : f 
C.H,;"O'SO,°C,H, + NaOEt —> C,H,;-ONa + EtO-SO,-C,H, I 
C,H,°0:Na + Et:0-SO,°C,H, —> EtO-C,H, + NaO-SO,-C,H,. ; 
The reasons they advance are first that the reaction proceeds 


readily, a fact which does not seem to indicate the breakage of 


* All observed rotations recorded in this paper are for 100 mm. 
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an O-C linking the carbon of which forms part of a benzene nucleus ; 
and secondly, that in none of its simpler reactions does phenyl 
p-toluenesulphonate reveal the O-C linking as the weakest part 
of its structure. For example, it does not yield aniline on treat- 
ment with ammonia. 

During this investigation it was also observed that phenyl 
p-toluenesulphonate would not react with potassium acetate in 
ethyl alcoholic solution, although under the same conditions ethyl 


iny| | p-toluenesulphonate rapidly produced ethyl acetate. } 
hol, As an explanation of the reaction, Ferns and Lapworth put 
with forward the suggestion, outlined above, that an exchange of radicles . 


occurs, an O-S linking breaking in the process, and the sodium 

phenoxide and ethyl p-toluenesulphonate produced reacting in 

the usual manner. } 
Assuming this explanation to be correct and applying it to the 

reaction between the potassium derivative of /-benzylmethyl- 

carbinol and phenyl p-toluenesulphonate, we should expect the 

following sequence of reactions to take place : 


A. Cote o> CNOK + CyH,-0;S0,-C,H, —> 


l. 
C,H, CH H 
oe CH>C<.s0,-C,H, + 0,H,O0K 


a , C,H, CHy..j-H 
B. C,H,-0:K + Cols CHa sip 
AOR + cay <0-80,-C,H, 


C,H,;CH H 
o's CHE OSO-G Hg + KO-SO,°C,H, 


Since we have adopted the suggestion that an exchange of radicles 
occurs as indicated by the dotted lines in A, the potassium deriv- 
ative of the J-aleohol and phenyl p-toluenesulphonate will give 
rise to l-benzylmethylearbinyl p-toluenesulphonate and potassium 
phenoxide. These products will react (B) and the phenyl ether : 
of benzylmethylearbinol will be produced with inversion of con- i 
figuration, it being assumed that sodium ethoxide and potassium 
phenoxide react in an identical manner with the /-sulphonate. 

Two experiments could therefore be performed. The potassium 
derivative of the l-alcohol could be allowed to react with phenyl 
p-toluenesulphonate (A), or potassium phenoxide with J-benzyl- 
methylearbinyl p-toluenesulphonate (B). They would virtually 


* 1, and d. configurations. 
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be identical reactions, the phenyl ether of the alcohol being pro. 
duced during each experiment with inversion of configuration, 
and therefore the sign of rotation of the ethers obtained should 
be the same. 

Should, however, the explanation be incorrect, that is, should 
phenyl p-toluenesulphonate react in the same manner as ethyl 
p-toluenesulphonate, it would, when treated with the potassium 
derivative of the l-alcohol, produce a phenyl ether without con. 
figurative change; and there would result in the two experiments 
outlined above phenyl! ethers of opposite sign. 

Experimentally it was found that whether the reaction was 
commenced as indicated in A, or, its course being anticipated, as 
in B,* the phenyl ethers produced had the same sign of rotation, 
both being dextrorotatory. 

If, therefore, the assumption is made that potassium phenoxide 
and sodium ethoxide react in the same manner with the J-sulphonate, 
these two experiments give considerable support to the view of 
the mode of reaction of phenyl p-toluenesulphonate put forward 
by Ferns and Lapworth. 


Discussion of Results, 


McKenzie and Clough (T., 1913, 103, 687), by effecting the 
interconversion of the optically active phenylmethylcarbinols, 
showed for the first time that the phenomenon of the Walden 
inversion was not confined to compounds containing a carboxyl 
or carboalkyloxy-group. Research on the Walden inversion has, 
however, been mainly confined to carboxylic acids containing also 
an amino- or a hydroxy-group, or a halogen atom. During the 
reactions of these compounds involving the complete removal of 
a group attached to the asymmetric carbon atom a certain amount 
of ‘‘ displacement ”’ racemisation (Senter, Drew, and Martin, T., 
1918, 143, 156) occurs. The compounds are also liable in some 
cases to undergo “catalytic’’ racemisation, which renders their 
isolation and purification without loss of rotatory power difficult. 
When, therefore, the optical enantiomorph of such compounds is 
obtained after two displacement reactions, a determination of its 
rotatory power does not truly indicate to what extent the 
‘abnormal ”’ reaction predominates. 

If, however, the series of reactions described in the interconver- 
sion of the enantiomorphously related benzylmethylcarbinols be 
examined, it will be seen that, throughout, the compounds involved 
are stable both as regards their chemical and their optical pro- 


* Using, however, sodium phenoxide instead of potassium phenoxide. 


—— ll 
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perties. They are compounds which can withstand without 
catalytic racemisation the experimental conditions to which they 
are subjected, and also at one stage only (the interaction between 
the d-sulphonate and potassium acetate) is any displacement 
racemisation likely to occur. 

To this fact is partly due the observed completeness of inversion, 
and, moreover, it points to the stage at which the “ abnormal” 
reaction occurs as the source of the very slight decrease in rotatory 
power, which is approximately 2 per cent. 

This decrease is so small that it must be carefully borne in mind 
during any attempt to explain the mechanism of this particular 
reaction. The tendency for the reaction to occur in a definite 
manner accompanied by inversion of configuration is obviously 
overwhelming. In other words, it can be said that the group 
entering the asymmetric molecule is compelled to occupy only one 
position relative to the other three, and this is a position which 
entails configurative change. 

This position, it seems possible to assume, corresponds to a 
portion of the surface of the asymmetric carbon atom which is 
potentially unsaturated. An examination of the constitutional 
formula (VII), together with a knowledge of the fact that the 
sulphonic ester exhibits a strong tendency to lose the elements of 
the corresponding sulphonic acid, enables this possibility to be 
visualised. 


CoHs'CHa | J CAs 
7H CpHsCH, 40 ~~ 
os Yi O (orl (VIII.) 
CH,” Os 
‘ $O,°C,H, CH,” 0 


SO,°C,H, 


It is postulated that under certain conditions, such as increase 
of temperature, the sulphonic ester molecule assumes an active 
condition, arising through the weakening of the attachment of the 
«-hydrogen atom to the asymmetric carbon atom; this weakening 
being due to the ester oxygen atom of the O-SO,°C,H, group 
exerting its residual valencies. 

The ester molecule, then, in its active condition contains a 
hydrogen atom held partly by the residual valencies of the ester 
oxygen atom and partly by the valency of the asymmetric carbon 
atom. Thus the portion of the latter atom to which the hydrogen 
is now but loosely linked is in possession of residual valency. It 
is postulated that, in an alcoholic solution of potassium acetate, 
an indirect “abnormal” reaction takes place by the addition of 
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a molecule of potassium acetate to this unsaturated portion through 
the agency of the carbonyl oxygen atom which it contains (VIII), 

The «-hydrogen atom is displaced by the potassium and the 
acetyl group usurps the whole affinity of the portion of the asym. 
metric carbon atom to which it was previously only loosely attached, 
The potassium p-toluenesulphonate formed during this displace. 
ment leaves the molecule, the hydrogen liberated during its form. 
ation occupying the position thus vacated (IX). 


C-CH 
ad cas Sieh Fes OT petiatag:. 
(IX.) alli nN 7S Cr. (X 
a Ci . \Z XX.) 
ebaeoale CH,” “? 
CH,” \H 0 SO,°C,H, 
SO,-C,H, 


It is suggested also that a direct reaction can occur, to an extent 
sufficient to account for the observed loss of rotatory power. 
Commencing as before with the molecule of the sulphonic ester 
in an active condition, it is assumed that it is approached by a 
molecule of potassium acetate, possibly in an ionised condition (X). 
No addition occurs at the unsaturated portion of the surface of 
the asymmetric carbon atom, but instead, the potassium atom 
displaces the «-hydrogen atom, which assumes its normal state 
and position in the molecule (XI). 


C,H;CH, /H C,H,;-CH H 
ae K 0-CO-CH; a "tet +KO-SO,°C,H 
CH, “0 cH,’ \9 stb 
S0,°C;H, aareng 
(XL) (XII) 


Potassium p-toluenesulphonate is then eliminated from the 
molecule, leaving the acetyl group to enter the position vacated 
by the group O*SO,°C,H, (XII). 

This would leave an acetic ester of the same configuration as the 
original sulphonic ester. 

In each of these hypothetical molecular interactions the form- 
ation of potassium p-toluenesulphonate in the complex and its 
subsequent departure do not necessarily imply that only three 
valencies of the asymmetric carbon atom are utilised at any par- 
ticular instant. This salt, when formed, can still remain moment- 
arily attached by the residual valencies of the ester oxygen, and 
moreover the portion of the asymmetric carbon atom by which it 
is thus loosely held would be in a partly unsaturated condition. 


RO 
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It would therefore be likely that the atom or group set free 
through the formation of potassium p-tcluenesulphonate would 
be attracted to this position. The arrangement within the bi- 
molecular complexes before final disruption occurs can therefore be 
represented as follows : 


C,H,CH, /H CH, 


C,H,°CH, (--O—0:0 


O 
\ZI 
+H 


ae: 
C H, rs SG 
$0,°C,H 7 


It is conceivable that a certain proportion of such molecular 
interactions may miscarry at one or other of the stages through 
which, it is suggested, they pass, and in such cases an unsaturated 
hydrocarbon will result. 

Experimental evidence of the formation of varying amounts of 
an unsaturated hydrocarbon has been obtained; in attempting 
to prepare the ethyl ether of benzylmethylcarbinol from the corre- 
sponding sulphonate, if sodium ethoxide be used instead of potassium 
carbonate, the product consists almost entirely of such a compound, 
this being due presumably to the too rapid withdrawal of the 
elements of the sulphonic acid from the molecule. 

It will be noticed also that the explanation of these reactions 
depends on the presence in the ester molecule of a detachable 
hydrogen atom linked to the same carbon atom as the O-SO,°C;H, 
group. 

From these assumptions it would follow that ethyl p-toluene- 
sulphonate, CH,°CH,*O-SO,°C,H,, should react readily with potass- 
ium acetate in alcoholic solution, whilst phenyl p-toluenesulphonate, 
C,H,*O-SO,°C,H,, should only react with difficulty, if at all. This 
conclusion is completely borne out by experiment. 

An explanation is still required to account for the slight loss of 
rotatory power observed during the reactions involved in the 
preparation of the ethyl ethers. 

In this connexion it is noteworthy that the loss of rotatory power 
is the same, whether these compounds are prepared through the 
agency of the sulphonic ester of the optically active alcohol, or 
of ethyl p-toluenesulphonate. This case therefore permits of a 
different explanation from that advanced in the case of the esters. 

Bearing in mind the supposed anomalous behaviour of phenyl 
p-toluenesulphonate (p. 49), it is postulated that, in the reaction 
between ethyl p-toluenesulphonate and the potassium derivative of 
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benzylmethylearbinol, there is a tendency for an exchange of 
radicles to occur : 


d. 
- | CH, C,H, _~ 
CoH, |-O'80,C;H, + K | O—-CH< gy? == 


d-Ether. 
d 


C,H, SO, +0 \ca<Gaee" + CHO |K 


l-Ether. 


The sulphonic ester exercises its ability to decompose with 
breakage of an O-S linking and the exchange occurs as indicated 
by the dotted lines. That the amount of interchange would be 
small is accounted for by the ease with which ethyl p-toluene- 
sulphonate reacts with the potassium derivative of the alcohol 
and hence the rapidity with which the d-ether is produced. The 
yield of l-ethyl ether from the right-hand side of the equation will 
necessarily be small, but since the “abnormal”’ reaction results in 
a product of almost full activity, the amount produced need not 
be large to cause the small loss of rotatory power observed. 

This explanation is presumed to be equally applicable to the 
interaction of d-benzylmethylcarbinyl p-toluenesulphonate and 
ethyl alcohol in the presence of potassium carbonate. 


d. 
C H,°CH. ? i - ee 
OH CH | 0-80, Cri * BO | =< 


1-Ether. 


ee C.H,-CHe~ paz |! 
Bt! 0480, Oy +" 5 Gye >CH-O |e 
d-Ether. 


In the above formule the dotted lines indicate the method of 
exchange and the arrows the double decomposition. 

Again, it is evident that the extent to which reaction takes place 
between substances on the right-hand side of the scheme will not 
be large under the conditions of the experiment. It is significant, 
however, that if the reaction is carried out in the presence of potass- 
ium acetate, which would react with any ethyl p-toluenesulphonate 
formed, the product has a higher rotation, that is, less d-ether is 
produced. 

It will be seen that these explanations are in accordance with 
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the view which has been frequently advanced, that a reaction 
which results in configurational change proceeds indirectly, being 
receded by addition, whilst a normal reaction involves direct 
substitution. That the decrease in rotatory power or racemisation 
which accompanies reactions in which the phenomenon of Walden 
inversion is observed is due rather to the simultaneous formation 
of the product possessing both d- and l-configurations has also 
been previously postulated. Holmberg (Arkiv Kem. Min. Geol., 
1916, No. 8, 6) has shown that when chlorosuccinic acid is con- 
verted into xanthosuccinic acid the reaction follows two courses 
simultaneously : 


> d-xanthosuccinic acid 


|-Bromosuccinic acid 
~*~ d-malolactone —> J-xanthosuccinic acid 


Similarly, Senter and his collaborators (T., 1915, 107, 638 e¢ seq.) 
showed that the action of ammonia on halogen-substituted acids 
yields both d- and J-amino-acids. 

The explanation given of the small loss in rotatory power which 
accompanies the inversions described is perhaps so far based on 
meagre evidence. It is evident, however, that the predominance 
of the reaction which results in inversion of configuration prevents 
acceptance of the view that it occurs with racemisation. The 
occurrence of racemisation during a reaction suggests a haphazard 
interaction between two kinds of molecule. It is inconceivable 
that such an interaction could result in products of the degree 
of optical purity obtained. 


EXPERIMENTAL. 


d-Benzylmethylcarbinyl p-Toluenesulphonate.—This was prepared 
as required by the interaction in the cold of equivalent quantities 
of the alcohol and p-toluenesulphonyl chloride in the presence of 
pyridine. The reaction was complete after twelve hours. On 
pouring the reaction mixture into water, the ester crystallised, 
and after filtration was purified by recrystallisation from glacial 
acetic acid or ethyl alcohol. It had m. p. 94°. 0°7392 Gram of 
ester required 0°1007 gram of sodium hydroxide for complete 
hydrolysis, the theoretical amount being 0°1019 gram. 

The following determinations of its optical rotatory power were 
made. The solutions were prepared by dissolving about one gram 
of the ester in the solvent and diluting to 20 c.c. The observations 
were taken in a 2-dem. tube. 
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Observed rotation. [a],- 
Grams 
of A A A aA A A 
Solvent. solute. 5893 5461 4358 5893 5461 4358 
Ethyl alcohol ... 0-5364 -+-1-66° +1-84° +3-30° +30-90° +34-30° +61-37° 
Benzene ......... 1-0126 2-82 3°15 5-83 27°85 31-11 57-58 
Chloroform ...... 1-0136 2-53 3:05 5-47 24:97 30-09 53°98 
Carbon disulphide 1-0046 3-09 3°75 6-87 30-76 37°33 68-28 
EPPING - ccpeesees 0-9910 2-84 3-46 5-88 28-59 34-91 59-33 


Reaction between the Potassium Derivative of d-Benzylmethyl. 


carbinol and Ethyl p-Toluenesulphonate.—Four grams of clean 
potassium were shaken in hot toluene, the latter, when cold, was 
replaced by 200 c.c. of dry benzene, and 15 grams of the d-alcohol 
were added. When dissolution of the potassium, which was 
hastened by gentle warming, was completed, the mixture was 
cooled, and 40 grams of molten ethyl p-toluenesulphonate were 
slowly added, a voluminous precipitate forming. When the 
reaction began to slow down, the mixture was shaken vigorously 
for twenty-two hours. It was then treated with a solution of 
sodium hydroxide and distilled with steam. To the benzene 
extract of the distillate dried with potassium carbonate, 20 grams 
of phthalic anhydride were added, and the solution was boiled, 
the benzene being allowed to distil off slowly up a fractionating 
column. The residue, having been heated for ten hours at 110°, 
was poured into dilute sodium carbonate solution, and after re- 
maining over-night, this solution was extracted with ether. The 
benzylmethylcearbiny! ethyl ether obtained from the dried ethereal 
extract was distilled under reduced pressure, and after three frac- 
tionations 9 grams were obtained; b. p. 92—93°/19 mm., dj 
0°9168, ngs, 1°4848, and «5% + 19°84°. 

Reaction between Sodium Ethoxide and Benzylmethylcarbinyl 
p-Toluenesulphonate—The most successful experiment of this 
series was conducted as follows: Twenty grams of the sulphonic 
ester (prepared from a sample of partly active alcohol with ain 
— 7°82° and having [«],.«, — 6°92° in benzene) were dissolved in 
100 c.c. of anhydrous ethyl alcohol, and while the solution was being 
warmed on a water-bath a solution of 2 grams of sodium in 50 c.c. of 
alcohol was added during three and a half hours. The alcohol 
was then distilled off through a column, the residue poured into 
water, and the oily layer which formed extracted with ether. The 
product obtained from the dried ethereal extract was repeatedly 
distilled and gave two main fractions. 

Fraction A, b. p. 62—65°/14 mm., amounted to 3 grams. It was 
optically inactive after four redistillations. It rapidly decolorised 
bromine water, had n,, 1°5331, d?? 0°9045, and was an unsaturated 
hydrocarbon. 
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Fraction B, b. p. 85—88°/14 mm., closely resembled the ethyl | 
ether of benzylmethylearbinol. About 1°5 grams were obtained 
having «34 -+ 4°12°. 

Reaction between d-Benzylmethylcarbinyl p-Toluenesulphonate and 
thyl Alcohol in the presence of Potassiuy Carbonate-—A mixture , 
of 20 grams of the d-sulphonic ester, prepared from the pure 
d-alcohol, 150 c.c. of absolute alcohol, and 20 grams of dry, finely 
powdered potassium carbonate was heated under reflux for thirty- 
seven hours. The alcohol was then distilled off and the residue 
poured into water. The oil which separated was extracted with 
ether. Since benzylmethylcarbinol might have been formed during 
the reaction by hydrolysis of the sulphonic ester, the product was 
heated with phthalic anhydride for ten hours at 100—110° and 
poured into sodium carbonate solution, from which the required 
product was isolated in the usual way by extraction with ether. On 
distillation a very small quantity of a hydrocarbon was isolated. 
The main fraction, 6-9 grams, boiled at 85—100°/20 mm. After two 
distillations, the mixed ether (5 grams) had b. p. 92—94°/20 mm., 
d2* 09177, n%, 1°4878, and «2%, — 19°90°, which was unchanged by 
subsequent distillation. 

Reaction between d-Benzylmethylcarbinyl p-Tolwenesulphonate and 
Potassium Acetate-—Thirty grams of the pure d-ester were dissolved 
in 150 c.c. of absolute alcohol, and 21 grams of freshly fused potass- 
ium acetate were added. The clear solution obtained on warming 
soon became clouded by a gelatinous precipitate, which rapidly 
changed to white, crystalline plates. After six hours’ heating under 
reflux, the alcohol was distilled off and the residue poured into water. 
The oil which separated was isolated with ether in the usual manner. 

On distillation, a small fraction, b. p. below 100°/16 mm., was 
obtained, the main fraction, 14°8 grams, boiling at 100—113°/16 
mm. After three fractionations, 7°8 grams of J/-benzylmethy]l- 
carbinyl acetate, b. p. 112—114°/18 mm., were isolated having 
d#* 09978, 22, 14881, and «2%, — 7:06°. 

On hydrolysis with sodium hydroxide, 1:0660 grams required 
02391 gram of NaOH (theory 0°2395 gram). 

The remainder of the l-acetate was hydrolysed in alcoholic 
solution. The regenerated /-benzylmethylearbinol had b. p. 
108°/21 mm., and «2j,, — 32°18°, whereas the d-alcohol used for 
the preparation of the sulphonate had «23,, +- 33°02°. 

The lower-boiling portions of the distillate were heated with 
alcoholic sodium hydroxide and from the product any active alcohol 
present was removed in the usual way with phthalic anhydride. 
The product obtained was separated by distillation into two 
fractions: A. b. p. 73—79°/20 mm.,*B.'b. p. 90—95°/20 mm, 
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A weighed about 1°5 grams and consisted mainly of an un. 
saturated hydrocarbon. B, when redistilled, had b. p. 93°/19 mm., 
Niso¢ 14909, di* 0°9230, and az, — 10°96° in a 50-mm. tube, 
Its refractive index and density are thus both somewhat higher 
than those obtained for the ethyl ether of benzylmethylcarbinol 
by the other methods. 

This experiment was ‘repeated using a partly active alcohol 
(ais: — 7°82°), which gave a p-toluenesulphonate having [c,,, 
— 6°92° in benzene solution. Twenty grams of this ester, dissolved 
in 120 c.c. of alcohol, were heated under reflux with 14 grams of 
potassium acetate; 3°8 grams of benzylmethylcarbinyl acetate 
were isolated, b. p. 107°/14 mm., d? 0°9968, n%, 1:4897, and a, 
+ 2°0°. On hydrolysis it yielded a benzylmethylcarbinol having 
ase t+ 7°44°. 

Other products of the reaction were a hydrocarbon and the ethyl 
ether of benzylmethylcarbinol, which were not completely isolated 
owing to the small bulk of the mixture. 

Reaction between Benzylmethylcarbinyl p-Toluenesulphonate and 
Potassium Acetate when dissolved in Glacial Acetic Acid.—Nineteen 
grams of the sulphonate ([«];s,; — 6°92° in benzene solution), 
prepared from an alcohol having «31,, —7°82°, were dissolved in 
100 c.c. of glacial acetic acid. The mixture was warmed for twenty- 
four hours on a water-bath and remained quite clear. It was 
poured into water, the acid neutralised with sodium carbonate, 
and the solution extracted with ether. The product obtained 
from the ethereal extract was carefully fractionated. After three 
distillations, 5°7 grams of benzylmethylearbinyl acetate were 
obtained which had d;* 0°9961, 2 1:4896, and a3, + 1:06°. 
This on hydrolysis gave an alcohol having «2, -+ 3°74°, n%, 
1-5214, and dj 0°9879. 

Reaction between Benzylmethylcarbinyl p-Toluenesulphonate and 
Potassium n-Valerate.—Potassium n-valerate was prepared by 
neutralising -valeric acid with the theoretical quantity of potassium 
carbonate dissolved in the minimum of water, and evaporating the 
mixture to dryness. Forty grams of the residue were dissolved in 
182 grams of absolute alcohol and 90 grams of benzene, and the 
solution dried by distillation until the temperature was 78°3°. 
Thirty grams of the sulphonate prepared from benzylmethylcarbinol 
(a2i¢, — 24°94°) were added to the alcoholic solution, and the mixture 
was heated under reflux for six hours. On isolation of the product 
as described in previous experiments, 9°5 grams of benzylmethyl- 
carbinyl n-valerate were obtained, b. p. 147—148°/19 mm., d? 
0°9605, mii 1°4817, and a{5 -+ 9°76°. On hydrolysis, it gave an 
alcohol having «32};, ++ 23°98°. 
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During this reaction also, the lower fractions obtained were 
small in bulk and consisted largely of benzylmethylcarbinyl ethyl 
ether. 

Reaction between Sodium Phenoxide and Benzylmethylcarbinyl 
p-Toluenesulphonate.—To a solution of sodium phenoxide in absolute 
alcohol prepared from 5°6 grams of phenol and 1°35 grams of 
sodium, 17 grams of benzylmethylcarbinyl p-toluenesulphonate, 
prepared from a partly active alcohol («}i,, — 6°44°), were added, 
and the mixture was heated under reflux for four hours. The 
alcohol was distilled off, the residue poured into a dilute solution 
of sodium hydroxide, and after extraction with ether, fractional 
distillation of the product gave two main fractions: (1) an un- 
saturated substance, about 2 grams, b. p. 68—70°/14 mm. ; (2) benzyl- 
methylearbinyl phenyl ether, 4 grams, b. p. 156—157°/14 mm., 


thyl a, + 14:12°, d® 1:0288, ni 1-5573, and [Ry ]is, 66°40 (calc. 65°91). 
ated Reaction between Phenyl p-Toluenesulphonate and the Potassium 


Derivative of Benzylmethylcarbinol_—Twelve grams of partly active 
alcohol («23,, — 644°) were added to 120 c.c. of dried benzene, in 
which were suspended 3 grams of finely divided potassium. When 


on), all the metal had dissolved, a benzene solution of 20 grams of 
| in phenyl p-toluencsulphonate was added. The solution remained 
ity- Hf clear for some time, then a voluminous precipitate suddenly formed. 
was The mixture, having been heated under reflux for five hours, and 
ite, sodium hydroxide added, was distilled with steam. The distillate 
ied was extracted with benzene, and the residue from the dried benzene 
fee extract distilled. Three fractions were obtained: A, b. p. 70— 
wate 80°/17 mm. (less than 1 gram). B, b. p. 103°/17 mm. (7 grams). 
6°. 9, b. p. 157—160°/17 mm. (1:5 grams). 
a A appeared to be identical with the hydrocarbon previously 
obtained. B was  benzylmethylearbinol having «i, — 4°36°, 
nd whilst C was similar to the phenyl ether obtained in the previous 
by experiment and had «ji, + 10°20°. 
= Although the sign of rotation of this ether is definite, the magni- 
he tude of the rotation is not above suspicion, since the small amount 
: obtained made efficient purification difficult. 
e 
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VI.—Nitration of 3-Chloroacenaphthene. 


By Guapys FARNELL. 


In the nitration of 3-chloroacenaphthene, described below, a 
uniform product was not obtained, and it can be shown that the 
nitro-group has taken up alternative positions. 3-Chloro-4-nitro. 
acenaphihene, m. p. 136—138°, was isolated, and its constitution 
proved. A second product, not entirely uniform and melting at 
160—166°, was obtained, and this also appears to be a mononitro. 
derivative of chloroacenaphthene. 

Nitration Twenty grams of 3-chloroacenaphthene, m. p. 69°, 
prepared by Crompton and Walker’s method (T., 1912, 104, 958) 
and purified by distillation and crystallisation from alcohol, were 
dissolved in the minimum quantity of glacial acetic acid, and 
4°4 c.c. of nitric acid (d 1-5) so added, with vigorous shaking, that 
no appreciable temperature change occurred. The liquid, which 
changed from yellow to red, deposited crystals, long, pale yellow 
needles after three hours and, later, spherical clusters. By repeated 
crystallisation from alcohol, it was possible to isolate from the 
crude product the two compounds already mentioned, melting at 
160—166° and 136—138°, respectively, which are formed in about 
equal quantity. The final yield of the latter was only 10 per cent. 
of the theoretical; attempts to improve the yield by varying the 
conditions of the nitration were not successful [Found : N = 6:07, 
6:06; Cl, by the lime method, = 15°23, 15°08, by Rosenmund’s 
method (Ber., 1918, 51, 578), = 15:30. C,,.H,O,NCI requires 
N = 6:02; Cl = 15:20 per cent.]. 

The results indicate that the compound is a mononitrochloro- 
acenaphthene. A study of its reduction products served to establish 
its constitution. 

Reduction.—The chloronitroacenaphthene was first reduced with 
sodium hyposulphite by Sachs and Mosebach’s method (Ber., 
1911, 44, 2855). The product after purification by crystallisation 
from hot water was colourless and melted at 145° (Found: Cl, by 
Rosenmund’s method, = 16°89. C,,H,NCl requires Cl = 17°45 per 
cent.). 

Chloroaminoacenaphthene crystallises in fine, colourless needles 
from water, alcohol, or aleohol-water mixtures. It darkens on 
heating or on exposure to light. Its solutions are coloured blue 
by ferric chloride, and, in the presence of acid, give a green pre- 
cipitate with sodium nitrite. In these points it closely resembles 
the ordinary aminoacenaphthene, in which, as shown by Graebe 
(Annalen, 1903, 327, 81), the amino-group is in the position 3 
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(or 4). This analogous behaviour suggested that the amino-groups 
in the two compounds are in similar positions, which could only 
be the case if the nitro-group had originally entered 3-chloro- 
acenaphthene in the position 4. Were this so, the replacement of 
the chlorine of the above chloroaminoacenaphthene by hydrogen 
should yield the familiar 3-aminoacenaphthene. 

Such a replacement occurs in the reduction with hydrogen 
described above, but a simpler method of arriving at the same 
result was discovered in the direct reduction of the original chloro- 
nitroacenaphthene. This compound was reduced with hydrogen 
in the presence of palladium. It was found that, in addition to 
the removal of the chlorine, the nitro-group was reduced to an 
amino-group. When purified, the amino-compound thus obtained 
resembled 3-aminoacenaphthene perfectly in its appearance and 
behaviour. It melted at 107°, alone or mixed with this substance, 
and gave the colour reactions with ferric chloride and sodium 
nitrite already described. It is therefore the aminoacenaphthene 
of known constitution, with the amino-group in the position 3 (or 4). 
The production of this compound by the direct reduction of the 
chloronitroacenaphthene, melting at 136—138°, in which chlorine 
is in the position 3, proves that the nitro-group is in the position 4. 

On oxidation with chromic acid, it gives the corresponding chloro- 
nitronaphthalic acid. This was obtained as a yellow powder, and, 
on crystallisation from glacial acetic acid, it gave pale yellow, 
shining leaflets of the anhydride (Found: N = 4°69. C,,H,O;NCl 
requires N = 5:04 per cent.). Sodiwm, calcium, and barium salts 
were prepared, and the calcium salt was analysed (Found: Ca = 
11°76, 11°69. C,,H,O,NCICa requires Ca = 11-99 per cent.). 

The compound melting at 160—166°, formed along with the 
above chloronitroacenaphthene in the nitration of 3-chloroacenaph- 
thene, was not obtained in sufficient quantity in a pure state for 
its complete examination. It was found to contain 6°04 per cent. 
of nitrogen, and therefore is probably also a mononitrochloro- 
acenaphthene, or a mixture of such compounds. 


This work was suggested to me by Mr. H. Crompton, and I am 
ndebted to him for guidance in carrying it out. 


BreprorD COLLEGE, 
Recent’s Park, N.W. 1. [Received, November 6th, 1922.] 


THORPE AND WOOD: 


VII.—The Chemistry of the Glutaconic Acids. 
Part XIII. The Isomerism due to Retarded Mobility. 


By Jocetyn Fietp THorre and ArtTHUR SAMUEL Woop, 


Harty this year, Feist (Annalen, 1922, 428, 25) published a 
theoretical discussion of the evidence which has accumulated 
during the past seventeen years regarding the structure of the 
glutaconic acids and reached the general conclusion that the 


isomerism of these acids is of the “ ordinary” geometrical type § 


and that the adoption of a symmetrical formula for glutaconic 
acid is unnecessary. He supports his conclusion by some further 
experimental work embodied in three papers (with Breuer, «bid., 
59, 68; and with Breuer and Lubricht, ibid., 40), in two of which 
he deals with the products formed by the decomposition of the 
ozonides of certain acids of the series, and, in the third, with the 
question of the existence of the three isomerides of §-phenyl-c- 
methylglutaconic acid isolated by us (T., 1913, 103, 1574). 
Feist gives an excellent summary of the experimental facts 
which have led to the conclusion that the formule of glutaconic 
acid, and those of its derivatives which contain a mobile hydrogen 
atom, must differ from those of the ordinary unsaturated dicarb- 
oxylic acids in some fundamental manner, but, unfortunately, he 
does not criticise these facts or their theoretical bearing in detail, 
and therefore it is difficult to follow his general reasoning. Never- 
theless, it would seem that our views and his are not, in reality, 
very different, because when he says that “‘ the absence of a second 
form of glutaconic acid is readily explicable on the assumption that 
the double bond changes position,” he can only mean that the 
absence of isomerism is due to symmetry, because it is obvious 
that any movement of the double bond in glutaconic acid will 
produce—as does the movement of the double bonds in either 
of the Kekulé benzene individuals—a substance having an identical 
space formula. It is true that he guards himself by the alternative 
“‘ oder ausschliesslich die stabilere trans-modification bilden wird,” 
but, of course, this cannot be the case, because. the only known 
form of glutaconic acid is a cis-form, that is, it readily passes into 
the anhydride, a behaviour which is quite different from that of 
the known trans-forms of the series, such as trans-««-dimethyl- 
glutaconic acid or trans-««8-trimethylglutaconic acid, which do 
not form anhydrides, or, for the matter of that, of the trans- 
modification of $-phenyl-«-methylglutaconic acid, which he himself 
mentions in his paper. 
In his ozone experiments, Feist prepares the ozonides of the two 
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forms of «f-dimethylglutaconic acid and of his two forms of 
g-phenyl-a-methylglutaconic acid and studies the products obtained 
from them on degradation. If, however, such evidence were accepted 
as proof of structure, the formula of benzene would have been 
settled when Harries carried out his classical researches on the 
formation and degradation of its ozonide. Still, the experiments 
described by Feist are instructive, because they show that the 
ozonides from both the “‘ cis ’’ and “ trans ”’ forms of ethyl $-phenyl- 
amethylglutaconate yield the same four products and that two 
pairs of these are those which would normally have been derived 


| from two esters having the formule CO,Et*CH,*CPh:CMe-CO,Et 
and CO,Et‘CH:CPh:CHMe:CO,Et, respectively. In other words, 


the behaviour towards ozone is exactly that which one would 
expect if the esters had reacted in the “normal” form. Finally, 
Feist has succeeded in isolating only two forms of §-phenyl-a- 
methylglutaconic acid. One of these is the trans-labile modification 
(m. p. 155°) described by us (loc. cit.). The other melts at 151° 
and is evidently a cis-acid, because it is readily converted into an 
anhydride (m. p. 94°). The two other acids of this formula pre- 
pared by us were the “‘normal” acid (m. p. 120°) and the cis- 
labile acid (m. p. 108°). Feist considers that these two acids are 
impure specimens of his acid (m. p. 151°), and attempts to prove 
his point by determining the melting points of varying mixtures 
of the trans-labile acid (m. p. 155°) and his czs-acid (m. p. 151°). 
As our acids were made by the hydration of the pure anhydride, 
it is not possible for them to have contained any of the trans- 
modification. Moreover, our acids were pure compounds and the 
repeated recrystallisation of specimens which remained in our 
possession has failed to alter the melting points given above. The 
explanation of the discrepancy in our results and those of Feist 
without doubt rests on the fact that the anhydride (hydroxy- 
anhydride) prepared by Feist from his acid melting at 151° is a 
different substance from that prepared by us from the acids melting 
at 120° and 108°, respectively. The two anhydrides melt at much 
the same temperature, but they react very differently on hydration, 
and although we have not succeeded in isolating the pure anhydride 
prepared by Feist, we have been able to show that our anhydride 
is, at any rate partly, converted into Feist’s anhydride when 
it is distilled under diminished pressure. This follows, because a 
specimen of our anhydride which before distillation gave, on 
hydration, the acids melting at 120° and 108° as sole products, 
yielded, after distillation, a mixture of acids from which we were 
able to isolate a small quantity of Feist’s cis-acid melting at 151°. 
It is evident, therefore, that in a glutaconic system such as that 
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which is contained in the molecule of B-phenyl-«-methylglutaconic 
acid, the mobility of the hydrogen atom is so far decreased as to 
render possible the isolation of two forms of the hydroxy-anhydride 
which can be represented by the formule I and II. 


CMe-CO (Me=C(OH) CHMe-CO,H 
‘Ph >O CPh >O CPh 
CH=C(OH) CH—CO CH-CO,H 
(I.) * (II.) (III.) 
M. p. 94° (T. and W.). M. p. 93—94° (F.). cis-acid, m. p. 151° (F.). 


The hydroxy-anhydride (II) gives, on hydration, Feist’s acid (III), 
and the hydroxy-anhydride (I) a mixture of the “ normal ” acid (IV) 
and the cis-labile acid (V); the ¢rans-acid being represented by (VI), 


-OMe-CO,H CMe-C0,H CO,H-CMe 
CHPh , 
-CH-CO,H 
(IV.) * 
M. p. 120° (T. and W.). M. p. 108°(T. and W.). M. p. 155° (T. and W., F)). 


Two other compounds of this formula should also be capable of 
isolation, namely, the trans-acid (VII) corresponding with Feist’s 


cis-acid (III), and the “ normal” anhydride (VIII), 


CHMe:CO,H *CMe-CO 
(VIL) CPh HCPh 50 (VIL) 
CO,H-CH -CH—CO 


but we have not as yet been able to isolate these substances. 

From these experiments it would appear, therefore, that a 
glutaconic acid, in which the presence of groups in the three-carbon 
system so far retards the movement of the tautomeric hydrogen 
atom as to enable it to remain within either the three-carbon 
system or one or other of the systems C-C-O, can be isolated in 
five forms—two trans-, two cis-, and one “ normal.” 


Tae ImpreRrAL COLLEGE oF SCIENCE AND TECHNOLOGY, 
S. KENSINGTON. [Received, December Ist, 1922.] 


* The structures of the compounds marked * are, we consider, fixed by 
the fact that the three acids IV, V, and VI give isobutenylbenzene, 
CHMe:CPh:CH;, when they are boiled with dilute mineral acid (compare 
Thorpe and Wood, loc. cit., p. 1572). 
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VIII.—The Higher Oxide of Cobalt. 
By Owen Ruys Howe tt. 


Tae precipitation of a higher oxide of cobalt from solution by 
means of alkali and an oxidising agent has received considerable 
attention (Bayley, Chem. News, 1879, 39, 81; Carnot; Compt. 
rend., 1889, 108, 610; Schréder, Chem. Zentr., 1890, i, 931; Vort- 
mann, Ber., 1891, 24, 2744; McLeod, Rep. Brit. Assoc., 1892, 669; 
Mawrow, Z. anorg. Chem., 1900, 24, 263; Hiittner, ibid., 1901, 
27, 81; Metzl, ibid., 1914, 86, 358), but the nature of the oxide 
does not appear to have been satisfactorily established. An attempt 
was therefore made to throw light on the subject by a quantitative 
examination of the precipitates formed by the action of alkaline 
hypochlorites on cobalt sulphate. In one series of experiments, 
the cobalt salt was precipitated with sodium hydroxide and sodium 
hypochlorite; in a second series, lime and bleaching powder were 
used. 
EXPERIMENTAL. 


Materials —The cobalt sulphate was free from nickel and con- 
tained only a trace of iron. The sodium hypochlorite was made 
by passing washed chlorine into aqueous sodium hydroxide below 
15° until chlorination was almost complete, a little free alkali 
being left to retard decomposition of the hypochlorite. The 
calcium hypochlorite was prepared by extracting bleaching powder 
with water. 

Method of Investigation.—A solution containing 15 grams of cobalt 
slphate in 100 c.c. of water was precipitated with the requisite 
amount of alkali and hypochlorite dissolved in 500 c.c. of water, 
after determining accurately the concentration of the hypochlorite 
(by liberation of iodine) and of the alkali (by adding hydrogen 
peroxide to remove the hypochlorite and then titrating, due allow- 
ance being made for the acidity of the hydrogen peroxide). The 
mixture was stirred for two hours, during which any excess of 
hypochlorite was decomposed by the catalytic action of the oxide. 
The precipitate was allowed to settle over-night, filtered on a Buchner 
funnel, washed, collected in a porcelain dish, and weighed. For 
analysis, samples of about 2 grams were weighed in small tubes, 
ad dropped into a solution of potassium iodide acidified with 
hydrochloric acid; the liberated iodine was titrated and the 
available oxygen calculated. 

In later experiments, the suspended precipitate was titrated 
immediately after the completion of the decomposition of the 
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hypochlorite without waiting for it to settle. In this way it was 
established that the oxide, once formed, is quite stable, since the 
same value was found for the available oxygen immediately after 
precipitation and after the precipitate had been kept for some 
weeks. 

Action of Hypochlorite Alone.-—The following results were obtained 
with sodium hypochlorite free from alkali : 


TABLE I. 
Equivalents of available oxygen in the 
precipitate. 
Equivalents Per equivalent of Per equivalent of 
of NaOCl. Co taken. Co precipitated. 

0-776 0-471 1-050 
1-400 0-700 1-045 
1-960 0-786 1-050 
2-494 0-834 1-056 
3°576 0-885 1-048 
4-988 0-934 1-053 


The amount of available oxygen was estimated as described 
above and the amount of cobalt in the precipitate was also estimated 
in each case by taking an aliquot part of the suspension of the 
oxide, filtering, washing, and reducing to metal in a stream of 
hydrogen. The composition of the precipitate is seen to be inde- 
pendent of the amount of hypochlorite used, the proportion of 
available oxygen being constant at 1:05 equivalents. The direct 
action of the hypochlorite is therefore to yield the sesquioxide, 
which would contain 1 equivalent of available oxygen. 

The results are shown graphically in Fig. 1, where the amount 
of available oxygen found in the precipitate is plotted against the 
total amount taken. The slope of the curve indicates that the 
reaction proceeds initially according to the equation 


2CoSO, + 3NaOCl + H,O = Co,0, + O + 2NaHSO, + NaCl + Cl, 


the course of which is represented by the tangent (NaOCl : Co,0, = § 


3:1) in Fig. 1 (A); but as the amount of hypochlorite is increased 
there is probably an increased tendency to produce neutral sodium 
sulphate, as shown in the equation 
2CoSO, + 4Na0Cl = Co,0, + O + 2Na,SO, + 2Cl,. 

Since the composition of the precipitate is constant, its content 
of available oxygen is a measure of the amount of cobalt pre- 
cipitated; the ordinates denoting this quantity fall away rapidly 
from the tangent, showing that a very large excess of hypochlorite 
would be necessary to secure complete precipitation of the cobalt. 
This is attributed to the fact that the particles of sesquioxide appear 
to be coated with a higher oxide which catalytically decomposes 
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the hypochlorite, an action that is specially rapid in these alkali-free 
solutions. 

Action of Hypochlorite in Presence of Alkali—A constant excess 
of alkali was used with varying amounts of hypochlorite. The 
results obtained with the sodium compounds are given in Table II 
and those with the calcium compounds in Table III. The values 
are plotted in Fig. 1 (B). 
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Equivalents of hypochlorite. 


TABLE IT. 
Available 
Total oxygen in the 
NaOH. Na,CO . alkali. NaOCl. precipitate. 
1-469 0-044 1-513 Nil 0-060 
1-400 0-022 1-422 0-320 0-712 
1-400 0-022 1-422 0-405 0-886 
1-421 0-011 1-432 0-562 1-119 
1-421 0-022 1-443 0-601 1-155 
1-410 0-011 1-421 0-703 1-162 
1-341 0-069 1-410 1-051 1-149 
1-421 0-022 1-443 1-640 1-121 
1-390 0-045 1-435 2-629 1-106 
1-406 0-022 1-428 5-192 1-095 
TABLE III. 
Available Available 
oxygen in the oxygen in the 
(a(OH),. Ca(OCl),. precipitate. Ca(OH),. Ca(OCl),. precipitate. 
1-192 Nil 0-084 1-181 0-745 1-151 
1-192 0-248 0-550 1-192 1-007 1-142 
1-192 0-396 0-829 1-192 2-002 1-140 
1-187 0-507 1-000 1-215 3-026 1-130 
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In every case the quantities are given in equivalents per 
equivalent of cobalt, the equivalent of a hypochlorite being taken 
as the quantity which contains 8 grams of available oxygen, 
Since, in presence of an excess of alkali, precipitation is always 
complete, the available oxygen calculated on the cobalt taken is 
the same as on the cobalt precipitated. 

It is seen that, owing to atmospheric oxidation of the hydroxide, 
the precipitate contains more oxygen than that supplied by the 
hypochlorite so long as the quantity of the latter is less than the 
quantity (half an equivalent) that is required to oxidise all the 
hydroxide to sesquioxide. If more than this quantity is added, 
oxidation again proceeds beyond the stage of sesquioxide, and the 
peroxide so formed catalytically decomposes the hypochlorite, 
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Since, however, the peroxide appears to be stabilised by the excess 
of alkali (see p. 69), the action of the hypochlorite proceeds 
further than when hypochlorite is used alone, the extent depending 
on the excess of alkali. When still more hypochlorite is used, the 
available oxygen in the precipitate falls off towards the slightly 
lower value given by hypochlorite alone. 

Action of Alkali—A constant amount of hypochlorite was used 
with variable amounts of alkali. The results with the sodium 
compounds are given in Table IV and those with the calcium 
compounds in Table V. The values are plotted in Fig. 2. The 
two curves are not directly comparable because the precipitating 
solutions were not of the same composition in the two cases. 

Both curves exhibit a break at one equivalent of alkali. Up to 
this point the precipitation of the cobalt. is incomplete, since in 
the absence of alkali a very large excess of hypochlorite is.required 
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TABLE IV. 
Available oxygen in the pre- 
cipitate calculated on 
Total (ii) cobalt 
alkali. NaOCl. (i) cobalt taken. precipitated. 
Nil 1-400 0-700 1-050 
0-222 1-393 0-786 1-059 
0-482 1-393 0-895 1-072 
0-758 1-400 1-002 1-075 
0-926 1-416 1-072 1-089 
1-115 1-393 
1-520 1-393 
1-921 1-400 
2-384 1-400 
2-933 1-400 


TABLE V. 


Available oxygen calculated on 


Ca(OH),. Ca(OC1),. (i) cobalt taken. (ii) cobalt precipitated. 

0-011 1-143 0-619 1-052 

0-512 1-153 0-881 1-097 

0-821 1-147 1-055 1-125 

1-200 1-153 . 

1-721 1-153 

2-278 1-153 

3-206 1-143 


to throw down all the cobalt, whereas the precipitation of the 
cobalt by alkali is quantitative. The figures in the last column 
show that the precipitate is in every case a slightly peroxidised 
sesquioxide; the proportion of available oxygen which it contains 
is, however, not constant, but increases with the amount of alkali 
that is used. In the case of sodium hydroxide, the increase con- 
tinues when the alkali is in excess of one equivalent and is even 
more rapid than when smaller quantities of alkali are being used 
to precipitate the cobalt. In the case of lime, this secondary 
increase in presence of an excess of alkali does not take place, 
since the active mass of the calcium hydroxide is limited by its 
sparing solubility. 

The lowest figures in the last column of Tables IV and V are 
those given by hypochlorite alone, even when present in large 
excess, Some additional factor must therefore be introduced to 
account for the higher degree of oxidation which results from the 
use of alkali. For this reason, it is suggested (i) that cobalt hydr- 
oxide is more readily peroxidised than cobalt sulphate and (ii) that 
the peroxide thus formed is perhaps hydroxylated, for example, 
0H-Co-O0-OH, and in this form is more stable than cobalt peroxide 
precipitated directly from solution by sodium hypochlorite. 
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Action of Sodium Carbonate.*—A number of experiments haye 
been made in which the cobalt solution was precipitated with , 
mixture of sodium carbonate and sodium hypochlorite. Unde 
these conditions, an almost black, gelatinous precipitate is obtained, 
and a green solution, which deposits the black substance ‘slowly, 
but more rapidly on dialysis. The green solution appears to he 
colloidal and gives the Tyndall cone. The precipitate contains 
the carbonate radicle in addition to “available ”’ oxygen and 
appears to be a peroxidised carbonate. This action will be mad 
the subject of further investigation. 

Influence of Temperature—In this series of experiments, the 
composition of the reacting solutions was the same in each case, 
Both solutions were warmed to the requisite temperature befor 
mixing and kept at this temperature while stirred for half an hour, 

(a) Precipitating solution, NaOH 1°35 equivs. NaOCl 1°35 equivs. 


Temp. of precipitation ... 15° 30° 60° 80° 80° + 
Available oxygen ......... 1-156 1-175 1-180 1-179 1-181 


(6) Precipitating solution, Ca(OH), 1°24 equivs. Ca(OCl), 1°40 
equivs. 


Temp. of precipitation ............ 15° 30° = 42° 60° 80° 70°} 
Available oxygen .........seseeeeee 1-150 1-157 1-161 1-166 1-167 1-157 


+ After boiling for four hours. 


It is evident that the temperature of precipitation has practically 
no influence on the composition of the precipitate formed. More. 
over, the substance is a very stable one, for even after boiling for 
four hours there was no decrease in the content of oxygen. 

Influence of Concentration—In this series of experiments all 
conditions were constant except the concentrations of the reacting 
solutions. In B, the concentration was the same as in all previous 
experiments; in A, it was half, and in C double, this value. 

(a) Precipitating solution, NaOH 1°35 equivs. NaOCl 1°35 equivs. 


A. B. C. 
Concentration ............ half unity double 
Available oxygen ......... 1-150 1-150 1-156 


(6) Precipitating solution, Ca(OH), 1°68 equivs. Ca(OCl), 1°46 
equivs. 


A. B. C. 
Concentration .........+4. half unity double 
Available oxygen ......... 1-147 1-150 1-155 


* Compare Durrant (P., 1896, 12, 244) and McConnell and Hanes (T., 
1897, '71, 589), who have examined the precipitation of cobalt solutions by 
bicarbonates and hypochlorites. 
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It is evident from these figures that the concentration of the 
reactants has practically no influence on the composition of the 
precipitate. 

Summary. 

1. Hypochlorites free from alkali immediately precipitate from 
aqueous solutions of cobalt sulphate a slightly peroxidised cobalt 
sesquioxide of constant composition containing about 1:05 equiv- 
alents of available oxygen; but since the peroxide catalytically 
decomposes the hypochlorite, the precipitation is far from 
quantitative. 

2. When less than half an equivalent of hypochlorite is used with 
an excess of alkali, more available oxygen is found in the pre- 
cipitate than was used in the hypochlorite; this is attributed to 
atmospheric oxidation of the precipitated hydroxide. 

3. A higher degree of oxidation is reached with hypochlorite 
and alkali than with hypochlorite alone. This is attributed to 
the formation of a hydroxylated peroxide, by direct oxidation of 
cobaltous hydroxide. 

4. The temperature has no important influence on the com- 
position of the precipitate. The oxide is very stable, since it can 
be kept indefinitely and prolonged boiling causes no loss of available 
oxygen. 

5. The concentration of the reacting solutions likewise has 
practically no influence on the composition of the precipitate. 


The author would express his thanks to Principal B. Mouat 
Jones and Prof. T. C. James for giving him every facility for carry- 
ing out this work, and to Prof. T. M. Lowry for his kindly interest. 
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IX.—The Relation between the Crystal Structure and 
the Constitution of Carbon Compounds. Part I. 
Compounds of the Type CX,. 


By IsaBet Exuiz Kwacas. 


CoNSIDERING the large number of organic compounds which have 
been examined crystallographically, it is remarkable that no kind 
of comprehensive generalisation connecting their crystalline form 
with their molecular structure appears to have been reached, Yet 
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it is abundantly clear that a connexion between the two must 
exist, and no doubt the difficulty which workers have had jn 
interpreting their results is to be traced to the complexity of the 
relationship. 

The extensive investigations which have been carried out in the 
X-ray analysis of crystals since von Laue’s discovery in 1912 of the 
diffraction of X-rays by crystals have already gone far to solve the 
problem as regards inorganic compounds. But in organic com. 
pounds the structures are essentially more complex and present 
difficulties in the way of X-ray analysis which it will not be easy to 
surmount. In the case of aromatic carbon compounds, recent 
work of Sir William Bragg (Proc. Physical Soc., 1921, 34, 1) on the 
X-ray analysis of naphthalene and anthracene has afforded striking 
evidence of the persistence of the benzene ring in one of its forms 
and therefore perhaps also of the chemical molecule in the crystalline 
state. If this should be generally applicable to aromatic compounds, 
the problem in their case would be considerably simplified. 

In the case of the aliphatic compounds, however, no such evidence 
is yet to hand, and at the present stage of the problem it would 
appear that it is only as the result of the examination of the crystal- 
line form of the simplest molecular types and the observation of 
regularities which they present that any progress can be expected. 
Therefore at the outset of the investigation, of which the present 
communication constitutes a preliminary part, it is proposed to 
examine those aliphatic compounds which are simplest in molecular 
structure. 

Before these experiments were commenced or the literature 
searched, the author held, as a working hypothesis, that the most 
symmetrical molecular structures should give rise to the most 
symmetrical crystallographic forms, although the converse would 
not necessarily be true. Thus, the most symmetrical of all types, 
namely, the type CX,, in which X is an element or symmetrical 
group such as CH,, and which itself possesses cubic symmetry 
(although not the highest symmetry possible in that system) should 
give rise to crystals of the cubic system; whilst compounds of this 
type in which X is a less symmetrical group should give rise to 
tetragonal crystals. Considered as an expression of what is un- 
doubtedly a strong general tendency, this hypothesis * is fully borne 

* This rule has already been of service in providing evidence of constitu- 
tion. The synthesis of methanetetra-acetic acid has recently been described 
by Ingold and Nickolls (T., 1922, 124, 1645) and its crystallographic properties 
are given on p. 78. When this acid was first prepared there was doubt 
as to its constitution, which might have been that corresponding with any 
one of the formule C(CH,-CO,H),, (CO,H-CH,),CH-CH(CO,H)-CH,-CO,H, and 
CO,H-CH,°CH,-C(CO,H)(CH,-CO,H),. The crystallographic evidence pointed 
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ment with the conclusions drawn by Wahl! (Proc. Roy. Soc., 1914, 
[A], 90, 1) as a result of the optical investigations of a number of 


simple carbon compounds. The modifications necessary in its 


detailed application will be discussed hereunder. 

The first case which has to be considered is that in which X is a 
single univalent element. There are four examples on record: 
Wahl has examined the crystalline form of methane (ibid., 1912, 
[A], 87, 377) and of carbon tetrachloride (2bid., 1913, [A], 89, 330), 
Wahl (loc. cit.) and Zirngiebl (Groth, “Chem. Kryst.” I, 330) 
carbon tetrabromide, and Gustavson (op. cit., p. 229; Annalen, 
1874, 172, 173) carbon tetraiodide. Methane itself crystallises below 
—185°8° in the cubic system. Carbon tetrachloride at —22° 
erystallises in grains, which are isotropic and therefore belong to the 
cubic system, but at —47° a transition into a doubly refracting mass 
takes place. 

Carbon tetrabromide crystallises in the cubic system above 46°, 
there being a transition at that temperature into a monoclinic 
variety, which, however, has a marked cubic habit, the crystals very 
closely approaching regular octahedra. Carbon tetraiodide crystal- 
lises in octahedra, which are isotropic and therefore cubic in 
symmetry; no accurate measurements have been made owing to 
the unstable character of the compound. 

There does not appear to be an example of a substance CX, in 
which X is a group of two atoms, but an instance of one in which X 
is a group of three atoms is provided by tetranitromethane, which 
has been examined by Wahl (Proc. Roy. Soc., 1913, [A], 89, 333). 
This substance crystallises in the cubic system, although at low 
temperatures there is a transition into a modification which shows 
very weak double refraction and probably belongs to a uniaxial 
system. Of compounds in which X is a group of four atoms, one of 
which must necessarily be carbon or some other quadrivalent 
element, an example is afforded by tetramethylmethane, which 
Wahl (ibid., 1913, [A], 88, 359) found to be cubic, with a low- 
temperature, doubly refracting modification, which is probably 
tetragonal. 

In all these cases, in agreement with the original hypothesis, the 
crystalline form stable at the higher temperature is cubic. The 
lower-temperature modification with a lower degree of symmetry 
shown by four of these compounds may reasonably be supposed to 


plainly to a formula of the type CX,. The first formula was therefore accepted 
by the investigators concerned as a satisfactory basis for further work and 
was fully confirmed several months later by purely chemical methods (loc. 


cit.). 
Dp* 
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be due to a closer packing of the molecular units at lower temper. 
atures.* 

The symmetry of a molecule of the type CX,, in which X isa 
single atom, is that of a regular tetrahedron, that is, of Evans’s 
CBu (hexakis tetrahedral) class of the cubic system, possessing there. 
fore six diagonal planes of symmetry, the four trigonal symmetry 
axes of the cubic system, and three digonal axes of ordinary 
symmetry, which are also tetragonal “ contra-directional ’’ (Evans, 
Min. Mag., 1910, 398) axes or Hilton’s (ibid., 1906, 261) axes of the 
second sort. It might be expected therefore that compounds of 
this type would crystallise with cubic symmetry, as has actually 
been found. 

Since each of the bonds from the central carbon atom represents 
one of the four axes of trigonal symmetry essential to all classes of 

the cubic system, compounds of the 


Fie. 1. type CX,, in which X is a group of 
a such a nature as not to destroy the 
AA trigonal symmetry about these 


bonds, should yield cubic crystals. 
The compound tetramethylmethane, 
C(CH;),, is one of these, three 
hydrogen atoms being arranged 


H cH symmetrically about a carbon atom 

H at each corner of the tetrahedron 

Ml (Fig. 1). It is consistent therefore 

Cc ic to find this compound crystallising 


in the cubic system. 

In the compound tetranitromethane, C(NO,),, the configuration 
of the nitro-group is uncertain beyond that the nitrogen atom is 
directly attached to the carbon atom. Of the possible configurations, 
the linear arrangement, -N:0°0, is the only one which would allow of 
the persistence of the four trigonal axes and so lead to the expecta- 
tion of cubic crystals, as actually found. 

Turning now to more complex cases, pentaerythritol, C(CH,"OH),. 
has been examined by Martin (Neues Jahrb. Min., 1891, Beil. Bd. 7, 
18) and found to be tetragonal and to crystallise in the ditetragonal- 
pyramidal class, that is, the IV Bu class of Evans (Min. Mag., 1907, 
360) and therefore to possess a uniterminal axis. The author 
examined this compound at Cambridge in 1918, and, after repeated 


* An analogy with this behaviour is to be found in that of the minerals 
andalusite and kyanite, both of which have the chemical composition Al,Si0,. 
Andalusite possesses orthorhombic symmetry, and kyanite only triclinic 
symmetry. The density of kyanite (3-62) is higher than that of andalusite 
(3-18), which would indicate closer packing in the less symmetrical variety. 
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experiments, was unable to find the existence of a uniterminal axis 
or to assign other than the symmetry of Evans’s IV Be (holohedral) 
class to the crystals. 

Pentaerythritol tetrabromide was found by Jaeger (Z. Kryst. 
Min., 1908, 45, 543) to belong to Evans’s II Uc class (holohedral) of 
the monoclinic system. He regards the symmetry as pseudo-cubic, 
since by a suitable transformation of face symbols an axial ratio of 
nearly 1: 1 : 1 and an axial angle of nearly 90° may be obtained. 

Pentaerythritol tetranitrate, pentaerythritol tetra-acetate, and 
methanetetra-acetic acid all crystallise with tetragonal symmetry 
and with the exception of pentaerythritol tetra-acetate, in which 
the class is uncertain, in Evans’s IV Be (holohedral) class. They 
are described in the experimental! part of this paper. 

Tetraethyl orthocarbonate, 

C(O-CH,°CH,),, 
according to Wahl crystallises in the Zz 4 
tetragonal system and is pseudo-cubic. hi 

Tetraphenylmethane has been ex- ‘. 
amined by Wahl (Proc. Roy. Soc., 1913, . 
[A], 89, 338), who describes the ns 
crystals as needles which optically \ 
appear to be orthorhombic. . 

Of these seven compounds in which ~ 
X is a complex group, five crystallise ’ 
in the tetragonal system. Of the A A 
remaining two, tetraphenylmethane, 
crystallising in the orthorhombic system, is perhaps a special case, 
in which the four phenyl groups have the predominant influence. 
Pentaerythritol tetrabromide, however, does appear to be an 
exception to the general rule, though it might be contended that it 
has a tendency towards a more symmetrical structure as shown by 
its pseudo-cubic nature. 

In molecules of the type CX,, in which the X groups are of the 
type CY,Z, it can easily be seen that the trigonal axes can no longer 
remain, for there can be no three-fold grouping about the corners of 
the tetrahedron. The symmetry is reduced to that of Evans’s 
IV Bk (scalenohedral) class of the tetragonal system,* as shown 
in Fig. 2, which represents the appearance of such a molecule 
projected on the basal plane. 


Fia. 2. 


* E. von Fedoroff (Z. Kryst. Min., 1913, 52, 22) explained the lack of 
cubic symmetry in crystals of compounds such as pentaerythritol, as due 
to the carbon atom having a form which is only an approximation to a regular 
tetrahedron. In the same paper he put forward the view that the “ crystal 
molecule ’ is composed of several chemical molecules. ‘ 

D* 2 
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By the combination of four such molecular cells in the manne 
shown in Fig. 3, the symmetry is raised to that of Evans’s IV By 
(ditetragonal-pyramidal) class of the tetragonal system, which 
possesses a uniterminal tetragonal axis and in which, therefor, 
crystals are unlike at the two ends of that axis. 

By a further combination of two such complex cells, one inverted 
with respect to the other, holohedral tetragonal symmetry, that is, 
the symmetry of Evans’s IV Be class, may be reached. Such 
combinations of cells may be regarded as analogous to the ultra. 
microscopic twinning, considered to be the cause of the assumption 
of higher symmetry in certain minerals. 

From these considerations it might reasonably be expected that 
compounds of the type C(CY,Z), * would crystallise in any of the 
classes IV Bk, IV Bu, IV Be 
of the tetragonal system. As 
already stated above, with 
the exception of pentaerythri- 
tol tetrabromide, the remain. 
ing five compounds of this 
type known all crystallise in 
: the tetragonal system and in 
t a the case of three of them in 

a ie the IV Be (holohedral) class. 
In the case of two of then, 
namely, pentaerythritol tetra- 
acetate and tetraethyl ortho- 
é carbonate, the class has not 
Vy, ‘,| certainly been determined. 
* "That tetraethyl orthocarbon- 
ate should be included with the compounds of the type C(CY,Z), needs 
perhaps a little explanation. From its structural formula, co-linear 
oxygen linkings being assumed, it is evident that the groups at the 
corners of the tetrahedron are of the type CY,Z. ‘The linking of 
each of these groups to the central carbon atom by way of an 
oxygen atom does not affect the symmetry of the molecule. 

Pentaerythritol constitutes a particularly interesting example, 
since apparently it may assume either the symmetry of the IV Bu 
(ditetragonal-pyramidal) class as observed by Martin (loc. cit.) or 
that of the IV Be (holohedral) class as observed by the author. 


Fic. 3. 
Y 


* It will be seen that in the compounds here discussed Y is hydrogen 
and, with one exception (in which it is bromine), Z is a complex group, but 
one which can be so symmetrically arranged as to be equivalent to a single 
atom as far as the symmetry of a molecule of this type is concerned. The 
latter will always be the case, provided that Z has a plane of symmetry. 
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As far as the compounds discussed in this paper are concerned, 
there is strong evidence that their crystallographic symmetry is an 
expression of their molecular structure, since from the consideration 
of their molecular configurations (where these are known) the 
observed crystallographic symmetry may be deduced. Should 
this be found by further research to be the case for a large number 
of organic compounds, it would become legitimate to employ 
erystallographic evidence in determining stereochemical con- 
figurations in cases where these have not yet been determined by 
chemical methods. 

Other compounds of the type CX, are in course of preparation for 
this investigation, and it is proposed also to examine compounds of 
the type CX Y, and CX,Y,. 


EXPERIMENTAL. 
Pentaerythritol Tetranitrate, C(CH,°O°NO,),. 

' This compound was submitted to me for examination by Sir 
William Pope and measured by myself at Cambridge in 1918, when 
working under Dr. Hutchinson’s direction. 

Crystal system: tetragonal. Class: holohedral. Axial ratio: 
a:c=1:0°506. Forms observed: A = {100}; p = {111}. 

Angle measured : 


No. of Mean 
measurements. Limits. obs. Cale. 
Ap = (100) : (111) 16 65° 37’—65° 46’ 65° 42’ 65° 42’ 
pp = (111): (111) ll 48 32—48 40 48 36 * 


Cleavage : {100}, imperfect. 

Habit: square, second-order prism terminated by pyramids 
(Fig. 4). The crystals are colourless and transparent and of a 
fair size and quality. 

Optical characters : refractive indices, as determined by immersion 
in oils, w = 1°554, ¢ = 1°553. 

Density: determined by suspension in liquid, d? = 1:773 
(corr.). 

Pentaerythritol Tetra-acetate, C(CH,*O-CO’CHs),. 


Crystal system: tetragonal. Class: uncertain. Axial ratio: 
@:¢=1:0°324. Forms observed: A = {100}, p = {111}. 

Cleavage : perfect basal. 

Habit : long, narrow, second-order prisms terminated by blunt 
or sharp pyramids (Fig. 5). The crystals are colourless and 
transparent, but extremely small and badly developed. The 
pyramid faces, when distinguishable, are very minute and the only 
angular measurement obtainable has been from a face of the blunt 
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pyramid p = {111} on to the prism A = {100}, this angle being 
72° 53’. 
Optical characters : refractive indices, as determined by immersion 
in oils, ¢e = 1°483, w = 1°433. 
Density: determined by suspension in liquid, di® = 1-2)3 
(corr.). 
Fia. 4. Fia. 5. 


OLO 


Methanetetra-acetic Acid, C(CH,*CO,H),. 
Crystal system: tetragonal. Class: holohedral. Axial ratio: 
a:¢=1:0°560. Forms observed: m = {110!, p = {111}. 
Angle measured : 


No. of Mean 
measurements. Limits. obs. Cale. 
pp = (111): (111) 9 76° 231’—76° 593’ 76° 45’ 76° 47’ 
pp = (111): (IIT) 9 102 59 103 344 103 11. 103 13 
pm = (111) : (110) 12 51 20h 51 49 51 334 51 36} 
pp = (111): (111) 19 51 51 52 18 52 6 * 
pp = (111): (111) 130-127 453 128 5 127 54} 127 54 


Cleavage : none observed. 

Habit: pyramidal, with short, first-order prisms (Fig. 6). The 
crystals are extremely small but moderately well developed and are 
clear and colourless. 

Optical characters : refractive indices, as determined by immersion 
in oils, e = 1°518, w = 1°487. 

Density: determined by suspension in liquid (carbon tetra- 
chloride and light petroleum), d? = 1-460 (corr.). 
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X.—Elimination of the Amino-group of Tertiary 
Amino-alcohols. Part I. 


7 By ALEX. McKENzIE and ANnaus CAMPBELL RICHARDSON. 
THE present investigation was initiated in connexion with an 
inquiry on the réle of nitrous acid in the Walden inversion. Fischer 
was the first to give the definite proof that nitrous acid can induce 

configurative change when he effected the following trans- 

1 formations : 

- oxidation) glucosaminic acid © *“° chitaric acid 
glucosamine = 
ey xo > , Pa ae aT 
ne ) chitose G ciaationy Chitonic acid. 


re 
Thus, starting from the amino-sugar, it is possible to obtain the 


n two epimeric 2: 5-anhydrohexoic acids, and a Walden inversion 
had obviously been effected by one of the two reactions in which 
nitrous acid was concerned, probably, according to Levene (Mono- 
graphs of the Rockefeller Institute for Medical Research, 1922, No. 18, 


80 MCKENZIE AND RICHARDSON: ELIMINATION OF 


p. 15), during the elimination of the amino-group of glucosaminic 
acid. 

The displacement of the amino-group in dextrorotatory phenyl. 
aminoacetic acid leads to a change of sign owing to the formation 
of /-mandelic acid (McKenzie and Clough, T., 1909, 95, 791), and 
the following changes are involved in the interconversion of the 
optically active amino-acids : 


dextro- C,H,;-CH(NH,):CO,H ©y = 1-C,H,*CH(OH)-CO,H 
{7 Pol) 

levo- CgH;-CH(NH,)-CO,H Sox om dextro- CgH;-CHCI-CO,H. 
At the time when this inversion was described the view was ex- 
pressed with reserve that one of the three reagents, nitrous acid, 
phosphorus pentachloride, and ammonia, causes configurative 
alteration, the suggestion being made that the inversion is effected 
by means of the ammonia, both phosphorus pentachloride and 
nitrous acid thus acting “‘ normally.” The other alternative, that 
a configurative change takes place at each of the three stages, 
was regarded as improbable. In a subsequent paper, however, 
Clough (T., 1918, 113, 526) assumes that the levorotatory phenyl- 
aminoacetic acid and J-mandelic acid possess the same con- 
figuration, his arguments being based on the influence of inorganic 
salts on the rotatory powers of a-hydroxy- and «-amino-acids. 
Nevertheless, the configurative relationship between the active 
phenylaminoacetic and mandelic acids is almost as problematical 
as ever. Here as in other cases the same difficulty is still encoun- 
tered to which both Fischer and one of us have made occasional 
references, and to which Frankland also drew attention in his 
presidential address to this Society in 1913 (T., 103, 738) when 
he writes, “It would appear that there does not exist at the present 
time any criterion whereby the relation between the configuration 
of an optical active compound and that of a derivatiye from it 
can be decisively ascertained.” 

Now /-mandelic acid can be converted into the alcohol (to which 
the nomenclature /-triphenylethylene glycol was assigned) by 
forming the methyl /-ester which was then acted on by magnesium 
phenyl bromide (McKenzie and Wren, T., 1910, 97, 473). Although 
this glycol possesses a strong dextrorotation, the value being so 
high as [«]p + 233°6° in chloroform, there is no possibility of 
configurative change in its formation, since substitution of a group 
in direct attachment to an asymmetric carbon atom does not 
occur. Moreover, it can be formed in another way through the 
stages, /-mandelic acid —> methyl l-mandelate —> l-benzoin —> 
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Ltriphenylethylene glycol (loc. cit.), whilst the isomeric d-triphenyl- 

ethylene glycol was obtained as one of the products from the inter- 

action of magnesium phenyl bromide and /-phenylchloroacetic acid 

(McKenzie, Drew, and Martin, T., 1915, 107, 26). Accordingly in 

the steps : 

dextrorotatory C,H,-CH(NH,)-CO,H (I.) — 
1-C,H,-CH(OH)-CO,H (II.) —> 1-C,H,-CH(OH)-CPh,°OH (IIT.), 


the conversion of I into II may possibly be accompanied by con- 
figurative alteration, whilst the configuration of II and III is 
identical. 

It had been the intention of the present authors to convert I 
into IV, and then to examine the action of nitrous acid on, this 
3-hydroxy-«88-triphenylethylamine to find out which of the isomeric 
optically active glycols would be the product : 


dextrorotatory C,H,;*CH(NH,):CO,H (I.) —> optically active 
(,H,"CH(NH,)CPh,°OH (IV.) —> optically active 
C,H,*CH(OH)-CPh,:OH. 


With this object in view, and in order to gain experience with 
the inactive amino-alcohol before applying the results to the active 
isomerides, the inactive amino-alcohol was prepared by acting on 
ethyl dl-phenylaminoacetate or its hydrochloride with magnesium 
phenyl bromide. Its behaviour towards nitrous acid was then 
studied. On no occasion were we able to obtain triphenylethylene 
glycol by this means, but the product was invariably the so-called 
triphenylvinyl alcohol.* This interesting result would on first 
consideration find a ready interpretation on the lines : 


(,H,CH(NH,)-CPh,-OH —> C,H,-CH(OH)-CPh,-OH —> 
“OCG 


but this is untenable, because the experimental conditions are 
known under which triphenylvinyl alcohol can be obtained by the 
dehydration of triphenylethylene glycol (McKenzie and Wren, loc. 
cit.), and in the case under investigation the glycol would not have 
undergone dehydration had it been formed. Whatever the 
mechanism of the formation of triphenylvinyl alcohol by this 
action may be, the assumption of the intermediate production of 
triphenylethylene glycol is not permissible. The optically active 
-hydroxy-«88-triphenylethylamine would certainly also give tri- 

* The terminology triphenylviny]l alcohol is retained in the present paper, 
although the ketonic structure is probably more correct. The constitution 


of triphenylvinyl alcohol was recently discussed by McKenzie and Boyle 
(T., 1921, 119, 113). 
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phenylvinyl alcohol when acted on by nitrous acid, and its pre. 
paration was accordingly abandoned for the present. 

The above mode of formation of triphenylvinyl alcchol recalls 
the behaviour of nitrous acid towards diphenylaminomethylcarbino| 
(Paal and Weidenkaff, Ber., 1906, 39, 2062), when as-diphenyl. 
ethylene oxide was formed : 


NH,-CH,-CPh,-OH + HNO, = N, + 2H,0 + o<te 


The stable as-diphenylethylene glycol, which readily results from 
the interaction of ethyl glycollate and magnesium phenyl bromide, 
was not produced from the amino-alcohol. 

As having a bearing on those observations, mention may be 
made of the experience of Erlenmeyer, jun., in the course of his 
work on the hydroxydiphenylethylamines (Annalen, 1899, 307, 
113). Inactive $-hydroxy-«8-diphenylethylamine (A), 

CoH CoH CoH 
H—C—OH OH—C—H H—C—OH B 
H—C—NH, * NH,—C—H a—(—on ™) 

C,H; C,H; C,H; 


ov 


(A) 


would be expected with nitrous acid to give the internally com- 
pensated hydrobenzoin (B) in the event of no configurative change 
occurring, but Erlenmeyer succeeded in isolating the externally 
compensated isomeride, the so-called iso-form. This reaction, 
differing as it does from the behaviour of 8-hydroxy-«$8-triphenyl- 
ethylamine towards nitrous acid, resembles it in being unexpected, 
and it should further be noticed in the same connexion that Irvine 
and Fyfe (T., 1914, 105, 1642) give experimental evidence in 
favour of their statement that the hydroxy-amine has a distinct 

HPh-O 
.CHPh:NH, 

Now in an investigation with the isomeric dibromosuccinic acids 
(T., 1912, 101, 1196), one of us pointed out that configurative 
change with optically inactive materials by a process closely 
analogous to a Walden inversion * can take place (for other cases, 
compare Walden, “‘ Optische Umkehrerscheinungen,’’ Braunsch- 
weig, 1919, p. 98). The above result of Erlenmeyer is a change 
of this kind, and the proximity of the hydroxy- and amino-groups 
in the molecule is a factor of importance. If Erlenmeyer’s sug- 

; itd tat 
gestion is accepted that a transient compound, CoH CCH , 


tendency to react in the cyclic form, 


* The term “ Walden inversion” should be strictly confined to changes 
effected with optically active compounds only (see footnote, loc. cit., p. 1198). 
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is formed, then the following interpretation is feasible. When 
nitrogen is eliminated from this hypothetical compound which 
contains only one asymmetric carbon atom and when water is 
then added, the product will contain two asymmetric atoms, and 
would be expected to consist of a mixture of hydrobenzoin and 
isohydrobenzoin in unequal amounts. Evidence in favour of this 
view is actually presented by Erlenmeyer himself, who on one 
occasion isolated together with isohydrobenzoin a few crystals of 
hydrobenzoin which were identified by crystallographic measure- 
ments (loc. cit., p. 130). On the other hand, in the molecule of the 
iso-base the spatial arrangement of the hydroxy- and amino-groups 
is presumably such that they are further apart than in the isomeride, 
and the action of nitrous acid is more likely to be one of direct 
displacement. As a matter of fact Erlenmeyer showed that the 
action of nitrous acid proceeds in the orthodox fashion with the 
iso-base, the product being isohydrobenzoin, which, like the iso- 
base, is externally compensated : 


C,H, CoH; CoH, C,H, 
u—¢—On ri oH—(—H —>» H- (—-On n oH—C—H 
NH,—C—H H—C—NH, OH—C—H H—C—OH’ 

C,H; O,H; C,H; C,H; 


Attention may also be directed to the behaviour of d-glucosamine 
towards nitrous acid because the parallel between this action and 
the formation of triphenylvinyl alcohol from -hydroxy-«®g- 
triphenylethylamine is closer than would at first sight be suggested 
by a perusal of the formule : 


pO Ph-CH—CPh, 
(V.) OH-CH,CH(OH)-CH-CH(OH)‘CH-CH(OH) NH, OH (VE) 
NH, 


(VI) differing from (V) in being a tertiary alcohol. Glucosamine 
loses its nitrogen atom, passing into the anhydro-hexose, CgH490;, 
to which the name chitose was assigned by Ledderhose, and which 
according to Levene (loc. cit., p. 16) is 2: 5-anhydromannose. A 
hexose itself is not produced, just as triphenylethylene glycol is 
not formed in the action studied by us. It should also be noted 
that Irvine and Hynd (T., 1912, 101, 1128, and other papers), 
in the course of their investigations on derivatives of glucosamine, 
propose a betaine-like structure for this base, namely, ° 


OH-CH,-CH(OH)-CH-CH(OH)‘CH-CH (VIL) 
NH,-O 
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Moreover, the same authors examined the effect of silver nitrite 
on an aqueous solution of benzylidenemethylglucosamine hydro. 
chloride, 


—0 
GH 1GH (H-CH(OH)- CH: CH-OMe 
NH,,HCl 


Ae, 
CHPh 
where the amino-group, the benzylidene residue, and the glucosidic 
group were all eliminated, a process in which the tautomeric form, 


O 
CH,*CH- CH: CH(OH): CH: CH 
O 0 MeH,N—O , 
CHPh 
would probably be produced before the action of nitrous acid came 
into play. 

The adoption of a betaine-like structure for $-hydroxy-«$6- 
triphenylethylamine should not, therefore, be at once dismissed, 
CHPh:¢Ph,, 
NH,—-O 
the betaine-like structure of glucosamine (VII) than is (VI) to (V). 
Our experimental evidence would, however, be rather in favour 
of retaining formula (VI). 

The most likely interpretation of the formation of triphenylvinyl 
alcohol from the amino-alcohol seems to us to be the following, 
which involves the intermediate formation of an unstable furo- 
diazole derivative (VIIT) : 


CHPh-CPh, CHPh:CPh, _ CHPh-CPh 
NH, OH ~~ NIN-OH OH ~~ NIN— 
CHPh-CPh, Ph 
ee J > op CCPh. 
"4 


the formulation, being more closely related to 


2 (VIII.) —> 


As an alternative to (VIII), although perhaps less feasible, the 
assumption of an unstable substance of a betaine-like structure 


might be made, thus, N: N<CHERSOCPhy. A structure like this 


would be related to that for PEP advocated by Klemenc 
(Ber., 1914, 47, 1407) when he rejects both the diazo-oxide and the 
quinonediazide structures for those compounds in favour of the 
diazonium type. It should be observed, however, that Klemenc’s 
conclusion has not been accepted by other workers in the same 
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field (Morgan and Porter, T., 1915, 107, 645; Morgan and Evens, 
T., 1919, 115, 1126). 

The scission of the ring (VIII) with elimination of nitrogen 
seems possible, and may be contrasted with the observation of 
Fourneau (Bull. Soc. chim., 1908, [iv], 3, 1141) on the action of 
alkali on phenylmethylethylmorpholonedimethylammonium hydr- 
oxide, 

ade gi nm MeEtC——CH, 

MeEt —O—CO ¥ -+ NMe,°CHPh:CO,H, 


where as-methylethylethylene oxide, as distinct from tripheny]l- 
ethylene oxide, is sufficiently stable as to permit of its isolation. 

Some support is perhaps lent to the scheme suggested above 
from the fact that diazo-oxides have been isolated by the action 
of nitrous acid on amino-1 : 3-diketones, for example, in the form- 
ation of acetylacetone diazoanhydride, where aminoacetylacetone 
reacts in accordance with its enolic structure : 


CH,;CO-C==C-CH, u — CH,"CO-C==C¢-CH, 
RE Pile teers: Sains all N:N-O 


(Wolff, Annalen, 1902, 325, 139). 

In the present paper, the elimination of the amino-group of 
several other tertiary amino-alcohols is also described. Thus, 
8-hydroxy-«8-diphenylpropylamine, prepared from desylamine 
hydrochloride and magnesium methyl iodide according to McKenzie 
and Barrow (T., 1913, 103, 1331), gave methyldeoxybenzoin, and 
not «$-dihydroxy-«8-diphenylpropane : 


NH,°CHPh-CPhMe:OH ~+- HNO, = CHMePh:COPh + N,+2H,0. 


Similarly from §-hydroxy-«$-diphenyl-8-naphthylethylamine, 
NH,*CHPh:CPh(C,,9H,)-OH, the compound obtained by the action 
of nitrous acid was either naphthyldeoxybenzoin or one of its 
desmotropic isomerides. 

y-Hydroxy-«yy-triphenylpropylamine, NH,*CHPh’CH,°CPh,°OH, 
prepared by the action of magnesium phenyl bromide on ethyl 
8-amino-B-phenylpropionate, has a methylene group interposed 
between the carbon atoms to which the amino- and hydroxy- 
groups are respectively attached, and in this case the action of 
nitrous acid presents no abnormality, as the product was found 
to be «y-dihydroxy-a«y-triphenylpropane, OH-CHPh:’CH,*CPh,-OH. 
On the other hand, with y-hydroxy-«yy-triphenylisopropylamine, 
CH,Ph-CH(NH,)CPh,-OH, prepared from magnesium phenyl 
bromide and the hydrochloride of phenylalanine ethyl ester, the 
spatial arrangement of the amino- and hydroxy-groups is similar 
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to that in §-hydroxy-«$$-triphenylethylamine, and the action of 
nitrous acid accordingly led to a compound which in all probability 
is diphenylmethyl benzyl ketone, CH,Ph-CO-CHPh,, the desmo. 
tropic form of diphenylbenzylvinyl alcohol. The isomeric amino. 
alcohols, the one derived from the 8-amino-acid, 
C,H,;-CH(NH,)-CH,°CO,H, 

and the other from the «-amino-acid, C,H,*CH,*CH(NH,)-CO,H, 
thus presented an interesting contrast in their behaviour on 
elimination of the amino-group. 


EXPERIMENTAL. 


Conversion of Phenylaminoacetic Acid into B-Hydroxy-«BB-triphenyl- 
ethylamine. 


The phenylaminoacetic acid was prepared by a modification of 
the method of Zelinsky and Stadnikoff (Ber., 1906, 39, 1722; 
1908, 41, 2063). The free amino-acid (1 mol.) was acted upon 
by an excess of magnesium phenyl bromide (4 mols.), but on 
decomposing the product in the usual manner with ammonium 
chloride, the acid was found to be regenerated. The hydrochloride 
of the ethyl ester was accordingly prepared, and this melted at 
196—197° in accordance with Kossel’s value (Ber., 1891, 24, 4145). 
16°6 Grams of ethyl phenylaminoacetate hydrochloride (1 mol.) 
were added in five instalments within fifteen minutes to the Grignard 
reagent prepared from 145 grams of bromobenzene (12 mols.), 
and the mixture was heated for four and a half hours. Ice was 
added, and then ammonium chloride. The solid remaining undis- 
solved after this treatment was left in contact over-night with 
ammonium chloride and ammonia, and then collected. The 
resulting 24 grams were crystallised from ethyl alcohol. Yield of 
pure compound = 9 grams. The ethereal solution, from which 
the ether and diphenyl were removed, gave an additional quantity 
of the amino-alcohol. Total yield = 11 grams, 49 per cent. of 
the theoretical (Found: C = 82°77; H=6°6. Calc., C = 830; 
H = 6°6 per cent.). 

The substance melted at 154°5—155°, and was identical with 
the $-hydroxy-«$8-triphenylethylamine prepared by McKenzie and 
Barrow (loc. cit.) from desylamine hydrochloride and magnesium 
phenyl bromide. It is sparingly soluble in ethyl alcohol, from 
which it separates in needles. It is sparingly soluble in ether, 
and moderately soluble in benzene or carbon disulphide. With 
concentrated sulphuric acid, it gives a pink coloration which 
quickly becomes orange-brown. Its hydrochloride, which is 
sparingly soluble in water, melts at 236—237°. 
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In order to obtain the amino-alcohol in good yield by the above 
method, the Grignard reagent must be employed in the large 
excess quoted. In three other earlier experiments in which the 
bromobenzene in the proportion of 5 mols. to 1 mol. of the ester 
hydrochloride was employed, the average yield of the pure amino- 
alcohol was only slightly over one-fifth of the weight of hydro- 
chloride taken. A good yield of amino-alcohol was also obtained 
from ethyl phenylaminoacetate by using a large excess of mag- 
nesium phenyl bromide to which an ethereal solution of the ester 
was added. The ester was prepared from the free amino-acid, 
and boiled at 135°/15 mm., whereas Marvel and Noyes (J. Amer. 
Chem. Soc., 1920, 42, 2265) give 114—115°/5 mm. From 135 grams 
of bromobenzene (12 mols.) and 13°4 grams of ester (1 mol.), 
9 grams of the pure amino-alcohol were isolated. This is also an 
instructive instance of the application of a Grignard reagent in 
this respect, that the results were successful only when an excep- 
tionally large proportion of the reagent was employed. 

Unfortunately we failed to isolate a crystalline product either 
when the Grignard reagent prepared from 66 grams of methyl 
iodide (12 mols.) was added to 10°5 grams of the ester hydrochloride 
(L mol.) suspended in ether, or when the addition was conducted 
in the reverse order. With magnesium «-naphthyl bromide, pre- 
pared from 75 grams of «-bromonaphthalene (12 mols.), and 6°24 
grams of ester hydrochloride (1 mol.), 1:2 grams of a substance, 
melting at 65°5—66°5°, and crystallising from ethyl alcohol in 
colourless, lustrous plates, were isolated (Found: C = 83:1; 
H= 63 per cent.). This compound contained no nitrogen, and 
was, accordingly, not the desired amino-alcohol. In those cases 
the actions obviously proceeded too tardily, and were incomplete, 
in spite of the large excess of Grignard reagents used. 


Action of Nitrous Acid on 8-Hydroxy-«88-triphenylethylamine. 


Several attempts were made to obtain triphenylethylene glycol 
by the action of nitrous acid on the above compound, but in no 
case was there any evidence that the glycol was formed, the product 
invariably being triphenylviny] alcohol : 


NH,-CHPh-CPh,:OH + HNO, = N, + 2H,0 + OOS - 


Thus, 5 grams of @-hydroxy-«$8-triphenylethylamine (1 mol.) were 
dissolved by heating with 300 c.c. of dilute acetic acid, and to 
the ice-cold solution 19 c.c. of an aqueous solution of sodium nitrite 
containing 3°6 grams of the salt (3 mols.) were added in the course 
of half an hour. On the following day the voluminous precipitate 
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(3°5 grams, m. p. 128—136°) was collected, and crystallised from 
ethylalcohol. 3:2 Grams of triphenylviny] alcohol, m. p. 135—136°, 
crystallising in needles and giving the diagnostic emerald-green 
coloration with concentrated sulphuric acid, were isolated : yield = 
68 per cent. (Found: C=88&l; H=60. Calc., C = 882. § 
H = 5°9 per cent.). 


Action of Nitrous Acid on B-Hydroxy-«8-diphenylpropylamine. 


The amino-alcohol was prepared by acting on desylamine hydro. 
chloride with magnesium methyl iodide (McKenzie and Barrow, 
loc. cit.). It gives a pink coloration with concentrated sulphuric 
acid, and forms a hydrochloride which is sparingly soluble in 
water and which melts at 262°. 

An aqueous solution of sodium nitrite (3 mols.), 17 c.c. containing 
3°7 grams of salt, was gradually added within forty-five minutes 
to an ice-cold solution of 4 grams of $-hydroxy-«$-diphenylpropyl- 
amine (1 mol.) in 230 c.c. of dilute acetic acid. After neutralisation 
with sodium hydroxide, the liquid was extracted with ether, and 
the ethereal solution dried with anhydrous magnesium sulphate. 
The product from the ether was partly oily and partly solid. It 
was crystallised twice from ethyl alcohol, when 0°8 gram of methyl- 
deoxybenzoin, separating in prisms, and melting at 59°5—60°, 
was obtained. A trace of this product gave practically no color- 
ation with concentrated sulphuric acid at the ordinary temperature, 
but a pale green tint appeared on warming. The melting point 
of methyldeoxybenzoin given by V. Meyer and Oelkers is 53° 
(Ber., 1888, 21, 1297). 

In another experiment where 3:4 grams of the amino-alcohol 
were employed, the product was crystallised six times from light 
petroleum (b: p. 60—70°), and then melted at 59—59-°5°. Yield = 
0°42 gram (Found: C = 85°38; H=7-0. Calc., C = 85:7; H = 67 
per cent.). The semicarbazone crystallises from ethyl alcohol or 
from benzene in prismatic needles, and melts at 161°. 

The small yield of methyldeoxybenzoin quoted above, coupled 
with the fact that the crude product contained an oil, suggests 
that methyldeoxybenzoin may not have been the sole product of 
the reaction. It is not improbable that the isomeric diphenyl- 
methylacetaldehyde, which was prepared by Tiffeneau and Dorlen- 
court by the dehydration of «-dihydroxy-«$-diphenylpropane 
(Ann. chim. phys., 1909, [viii], 16, 237) and which is described by 
those authors as an oil, may also have been formed by the elimin- 
ation of the amino-group of $-hydroxy-«8-diphenylpropylamine. 
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Action of Nitrous Acid on 8-Hydroxy-«8-diphenyl-2-naphthylethyl- 
amine. 


The amino-alcohol was prepared by acting on desylamine hydro- 
| chloride with magnesium a-naphthyl bromide (loc. cit.). To a 
cooled solution of the amino-alcohol (3-4 grams) in 50 per cent. 
acetic acid a solution of sodium nitrite (2 grams) in 11 c.c. of water 
was gradually added during twenty minutes. A white solid was 
precipitated during the addition, and some oil had also separated 
over-night. The mixture was made alkaline with sodium hydroxide 
and extracted with ether. The product from the ethereal solution 
was an oil, which was dissolved in hot light petroleum (b. p. 40— 
60°). Crystallisation started on cooling, and after one further 
crystallisation the product was pure. Yield =2 grams. The 
compound, C.,H,,0, which is either naphthyldeoxybenzoin or one 
of its isomerides, is sparingly soluble in light petroleum (b. p. 40— 
60°), from which it separates in rectangular prisms, and melts at 
107—108° (Found : C = 89:1; H=6-0. Calc.,C = 89°4; H =5°6 
per cent.). 

The statement made by McKenzie and Barrow (loc. cit.), that 
s-hydroxy-«8-diphenyl-8-naphthylethylamine is converted by nitrous 
aid into the diphenyl-«-naphthyl glycol prepared by Acree from 
benzoin and magnesium «-naphthyl bromide (Ber., 1904, 37, 2764), 
is incorrect. The action of nitrous acid was conducted on that 
occasion in the presence of dilute hydrochloric acid, and the 
solid which separated was the crude hydrochloride melting with 
decomposition at a point close to that given by Acree for the 


glycol. 


Action of Nitrous Acid on y-Hydroxy-«yy-triphenylpropylamine. 

Ethyl (-amino-8-phenylpropionate, prepared by _ esterifying 
-amino-8-phenylpropionic acid (Posner, Ber., 1905, 38, 2316) 
with ethyl alcohol and hydrogen chloride, boiled at 149°/12 mm., 
whereas Fischer (Ber., 1910, 43, 2020) gives 150°/13 mm. 

The preparation of the amino-alcohol presented difficulties, and 
the following conditions were ultimately arrived at. An ethereal 
solution of the ester (15 grams, 1 mol.) was gradually added to the 
Grignard reagent prepared from bromobenzene (98 grams, 8 mols.). 
After heating for nine hours, the additive compound was decomposed 
by ice and ammonium chloride, the ethereal solution dried by 
anhydrous magnesium sulphate, the ether expelled, and the 
residual oil triturated with light petroleum to remove the diphenyl, 
and then dissolved in hot ethyl alcohol. Over-night at about 8°, 
“7 grams of the crude amino-alcohol had separated, and after 
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two crystallisations from a mixture of benzene and light petroleun 
(b. p. 60—70°) 1:2 grams of the pure substance were obtained. 

y-Hydroxy-«yy-triphenylpropylamine, NH,*CHPh-CH,°CPh,:0H, 
separates from a mixture of benzene and light petroleum in pris. 
matic needles, and melts at 146°5—147°5°. It may also be crystal. 
lised from ethyl alcohol, methyl alcohol, or ethyl acetate. It gives 
a reddish-orange coloration with concentrated sulphuric acid 
(Found: C= 82°38; H=7-1. Calc., C= 83:1; H =7°0 per cent), 

The solution of the amino-alcohol (0°67 gram, 1 mol.) in 40 c.. 
of 50 per cent. acetic acid was cooled in a freezing mixture, and 
3 c.c. of an aqueous solution of sodium nitrite (0°6 gram, 3 mols.) 
were gradually added within fifteen minutes. A flocculent pre. 
cipitate (0°6 gram) separated. Over-night, this was crystallised 
from benzene, and then from a mixture of benzene and light 
petroleum. Yield =03 gram; m. p. 127°5—128°5°. A trace 
of the substance when added to concentrated sulphuric acid became 
bright scarlet, and the solution had a pale orange tint. This 
colour reaction is distinctly different from that exhibited by 
y-hydroxy-«yy-triphenylpropylamine, and is identical with that 
of «y-dihydroxy-a«y-triphenylpropane, which had been prepared 
some years previously by McKenzie and Martin (T., 1913, 103, 
114) by the interaction of magnesium phenyl bromide and 8-hydroxy- 
B-phenylpropionic acid. The melting point of the compound, 
obtained as just described, was not depressed by admixture with 
some of the product prepared by McKenzie and Martin. 


Action of Nitrous Acid on y-Hydroxy-ayy-triphenylisopropylamine. 

Dry hydrogen chloride was passed through a mixture of phenyl- 
alanine (5°6 grams) and 100 c.c. of ethyl alcohol for one hour, and 
the mixture boiled for one hour longer. The solution was con- 
centrated, and the resulting solid crystallised from a mixture of 
toluene and light petroleum. Ethyl phenylalanine hydrochloride 
crystallises in needles, and melts at 124—125°. 

This ester hydrochloride (3-4 grams, 1 mol.) was gradually added 
within half an hour to the Grignard reagent prepared from bromo- 
benzene (10°5 grams, 6 mols.). The mixture was heated for nine 
and a half hours, and the additive compound decomposed by ice 
and ammonium chloride. The undissolved solid was crystallised 
from ethyl alcohol, when 0°3 gram of the pure amino-alcohol was 
obtained. The ethereal solution from which the solid had been 
removed was heated to expel the ether, and the diphenyl was then 
removed by distillation in steam. The residual oil gradually 
solidified, and was then crystallised from ethyl alcohol. Total yield 
= 1°8 grams. 
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y-Hydroxy-xyy-triphenylisopropylamine, CH,Ph-CH(NH,)-CPh,°OH, 
separates from ethyl alcohol in glassy needles, and melts at 144°5— 
145°5° (Found: C= 83:0; H=70. Cale, C=831; H=7-0 
per cent.). 

A solution of the amino-alcohol (1 gram) in 25 per cent. acetic’ 
acid was cooled in a freezing mixture, and an aqueous solution 
(5 c.c.) of 0°7 gram of sodium nitrite was added during forty-five 
minutes. A bulky, gelatinous solid (0°71 gram) was deposited, 
and this was crystallised twice from light petroleum (b. p. 40—60°). 
The product contained no nitrogen, and amounted to 0°33 gram. 

The compound, C.,H,,0, which is probably diphenylmethyl 
benzyl ketone, separates from light petroleum in rosettes of glassy 
needles, and melts at 121°5—122°. It is readily soluble in ethyl 
alcohol and in benzene (Found: C= 882; H=6°5. Calc., 
C= 88:1; H = 63 per cent.). 


The thanks of the authors are due to the Carnegie Trust for the 
assistance rendered in the prosecution of this research. 
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XI.—The Transition from the Colloidal to the Crystal- 
loidal State. Solutions of Potassium Oleate. 


By Louis Leicuton BircuMsHaw. 


Ir is a well-known fact that certain substances, for example, potassium 
oleate and tannic acid, form colloidal solutions in water; but in 
organic solvents such as alcohol or acetone, they give non-associated 
and practically non-dissociated solutions. This has been shown to 
be the case for potassium oleate (Laing, T., 1918, 113, 435). The 
transition from colloid to crystalloid has been discussed in a theor- 
etical paper by Witzemann (J. Physical Chem., 1922, 26, 3, 201), 
and it has always been assumed that the transition from the one 
to the other takes place gradually ; but up to the present the question 
does not appear to have been investigated experimentally. In 
view of the extensive and important researches of McBain and his 
collaborators on the salts of the higher fatty acids, it was decided 
to commence the study of this transition with an investigation of 
the behaviour of potassium oleate in mixtures of water and alcohol, 
and the present communication deals with these solutions. 

The experimental methods included determinations of the density, 
viscosity, and surface tension of a complete series of mixtures from 
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pure alcohol to pure water, each containing the same definite amount 


of the oleate. 
: EXPERIMENTAL. 


Preparation of Materials Potassium oleate was prepared by 
‘neutralising pure oleic acid’ (Kahlbaum) with potassium ethoxide, 
prepared by dissolving potassium in absolute alcohol after washing 
it with ether. A few grams of this solution were diluted with alcohol 
and titrated with a dilute solution of known concentration of the 
oleic acid in alcohol, using phenolphthalein as an indicator. The 
main part of the potassium ethoxide solution was then carefully 
weighed and the calculated quantity of oleic acid added. A large 
quantity of the salt immediately separated out. The flask was 
cooled in ice-water, and the salt rapidly filtered off by the aid of 
the pump, washed twice with a small quantity of alcohol and once 
with ether, and dried in a vacuum desiccator. In this way it was 
obtained as a white, voluminous powder. 

The alcohol was prepared by boiling rectified spirit with recently 
ignited lime for two days, distilling off, and boiling the distillate 
under reflux with calcium. 

Densities —The mixed solvents were made up by weight, and the 
solutions by volume in calibrated flasks at 25°. The densities 
were determined at 25° in a 20 c.c. pyknometer, corrected for buoy- 


ancy, and referred to water at 4°. The results are given in Table I. 


TABLE I. 
Densities. 


P = Percentage of alcohol (by weight) in the solvent. 
Dy = Density of the mixed solvent. D, = Density of the solution. 


1-0 Gram of potassium oleate in 3-2 Grams of potassium oleate in 
100 c.c of solvent. 100 c.c. of solvent. 

y. Dp. D,. P. D,. D,. 
0-0 0-99707 0-99757 0-00 0-99707 0-99792 
1-19 0-:99485 0-99534 1-34 099457 0-99562 
3-20 0-99122 0-99180 5-46 0-98743 0-98851 
7-88 0-98365 0:98417 14-64 0-97384 0-97488 
16-79 0-97091 0-97180 24-30 0-96002 0-96106 
25-58 0-95804 0-95861 33-60 0-94416 0-94521 
34-74 0-94196 0-94236 43-00 0-92516 0-92674 
44-72 0-92146 0-92247 53-02 0-90303 0-90507 
54-16 0-90042 0-90126 63-62 0-87853 0-88213 
64-31 0-87690 0-87801 74-46 0-85265 0-85683 
75-07 0:85117 0-85270 85-84 0:82446 0-82972 
85-96 0-82415 0-82597 91-07 0-81074 0-81743 
91-97 0-80831 0-81034 94:13 0-80236 0-80953 

98-10 0-79099 0-79338 


In Fig. 1 the increase of density is plotted against the percentage 
(volume) of water in the mixed solvent. 
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Viscosities—The viscosities were determined in a viscometer of 
the Oswald type, with a capacity of 18 c.c., and a capillary 6°8 cm. 
jong and 0°053 cm. in diameter. The time of flow for water at 25° 
was 283 seconds. Great care was taken to keep the capillary free 
from dust and from the very fine particles of fibre which are usually 
found in solutions. Before making a measurement, each solution 
was allowed to settle for at least a week, and was then blown over 
into the instrument by means of dry dust-free air, purified from 
traces of carbon dioxide. The viscometer containing the solution 
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was allowed to remain in the thermostat for twenty to thirty 
minutes before taking a measurement. The times were taken with 
a stop-watch reading to 0°2 of a second, and the thermostat was 
maintained at 25° + 0°01°. 

Several observers have detected changes in the viscosity of 
colloidal solutions with time. A N/10-solution of the potassium 
dleate used in these experiments was found, however, to have a 
time of flow of 392 seconds at the beginning of August when freshly- 
prepared and of 391 seconds on October 16th, showing that this 
change does not occur in the solutions under investigation. 

The results are given in Table II. 
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TABLE II. 
Viscosities. 
t = Time of flow of the solution (seconds). 

% = Viscosity of the solvent. 4, = Viscosity of the solution. 
1-0 Gram of potassium oleate in 3-2 Grams of potassium oleate in 
100 c.c. of solvent. 100 c.c. of solvent. 

A t. No- "- P. t. No- 1 
0-0 319 890 1005 0-0 392 890 1240 
1-19 334 955 1050 1-34 411 955 1290 
3:20 362 1055 1135 5:46 481 1160 1500 
7-88 432 1270 1345 14-64 652 1575 2010 
16-79 583 1680 1785 24-30 817 1955 2480 
25-58 714 1985 2165 33-60 913 2215 2720 
34-74 798 2245 2375 43-00 924 2360 2705 
44-72 827 2350 2410 53-02 906 2285 2590 
54:16 822 2270 2340 63-62 841 2140 2340 
64-31 774 2120 2145 74-46 760 1900 2055 
75°07 704 1885 1895 85-84 654 1575 1710 
85-96 610 1560 1590 91-07 606 1400 1565 
91-97 554 1370 1420 94-13 574 1300 1470 
98-10 481 1150 1205 97-30 536 1180 1355 


In Fig. 2, the percentage increase of viscosity is plotted against 
the percentage (volume) of water in the mixed solvent. 

Surface Tensions.—The surface tensions were determined in the 
modified Harkins apparatus which has already been described 
(T., 1922, 121, 887). The drops were blown out rapidly (two to 
three seconds) and allowed to hang from the tip for sixty seconds 
and then to fall under the influence of gravity. In this way, 
considerable time was allowed for the attainment of equilibrium at 
the surface. In each determination, thirty drops were collected 
and weighed and two determinations agreeing within 0-2 per cent. 
were made at every concentration. The results are shown in 
Table III. 

In Fig. 3, the lowering of the surface tension is plotted against 
the percentage (volume) of water in the mixed solvent. 

An interesting observation was that the lowering produced by 
a 1 per cent. solution of the oleate in water was greater than that 
produced by a 3:2 per cent. solution. 


Discussion. 


In order to explain the observed high conductivity and com- 
paratively small osmotic effect exhibited by the salts of the higher 
fatty acids, McBain has put forward the theory that these solutions 
contain an ionic micelle or agglomeration of anions. To this com- 
plex ion, which is supposed to be heavily hydrated and to contain 
undissociated colloid, he assigns a high electrical but low mechanical 
mobility. In very dilute solutions, these salts are present as simple 
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TABLE III. 
Surface Tensions. 
W = Weight of the drop. 


o, == Surface tension of the solvent. o, = Surface tension of 


the solution. 


1:0 Gram of potassium oleate in 3:2 Grams of potassium oleate in 
100 c.c. of solvent. 100 c.c. of solvent. 
P. W. Co: o}. rs W. To. o}. 
000 003242 72-2 25-7 0:00 0-03573 72-2 28-6 
1:19 0-03357 66:8 26-8 1-34 0-03715 65-0 29-8 
3:20 0-03347 58-5 26-7 5:46 0-04000 54-0 32-2 
7:88 0-03935 50-5 31-7 14-64 0-04192 42-0 33-8 
1679 0-04302 40-4 34-8 24:30 0-03992 35:2 32-2 
2-58 004033 344 32-6 33-60 0-03725 31-6 30-0 
34-74 0-03755 31-2 30-2 43-00 0-03540 29-2 28-5 
4472 0-03555 28:9 28-6 53:02 0-03391 27-6 27-0 
5415 0-038414 27-5 27-4 63-62 003279 264 26-1 
64-31 0-:03280 26-3 26-3 74-46 0-03144 25-0 24-9 
75-07 0-03153 25-0 25:3 85-84 0-02993 23°7 23-6 
85-96 0-03000 23-6 24-0 91-97 0-02915 23-3 23-0 
91-97 0-02918 23-2 23-4 94-13 0-02861 22-8 22°5 
98-10 0-02810 22-3 22-4 
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ions, but as the concentration rises the proportion of colloid—both 
undissociated colloid and micelle—rises. McBain and his pupils 
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have brought forward considerable evidence to show that there is 
a definite equilibrium, 

colloid = mr 

crystalloid => tos 
Their diagrams also indicate that the ratio of neutral colloid to 
micelle does not vary very greatly with the concentration. In the 
particular case of potassium oleate their work has given us con- 
siderable insight into the probable structure of the colloidal aggre. 
gates and it was hoped that the present experiments would throw 
some light on the breakdown of the complex. 

An examination of the curves reveals the following features. 
(i) The increase in density of the solutions over that of the mixed 
solvent remains practically constant until the composition 40—50) 
per cent. of alcohol is reached, when the curve rises rapidly and 
continues rising until the solution consists of pure alcohol. (ii) The 
increase of viscosity falls rapidly until the mixed solvent contains 
10—15 per cent. of alcohol, when it becomes constant up to a com- 
position of 40 per cent. of alcohol; the increase of viscosity produced 
by the colloid then falls rapidly to a minimum at 80 per cent. of 
alcohol, before rising slightly to the point representing pure alcohol. 
(iii) The curve showing the lowering of the surface tension sweeps 
down rather rapidly to the composition 40—50 per cent. of alcohol, 
when the lowering becomes practically zero, and remains so until 
the point representing pure alcohol is reached. 

The change of slope of these curves occurs at practically the same 
ratio of water to alcohol for the two concentrations of oleate studied. 
This has been observed also in the case of viscosity maxima of col- 
loidal solutions in mixed solvents by Masson and McColl (T., 1920, 
117, 819). 

The experimental data show three well-defined stages in the 
transition from water to alcohol. Thus, (i) from 0 to 45 per cent., 
the density effect is constant and almost negligible in magnitude, 
whilst in the complementary range from 45 to 100 per cent. the 
surface tension effect is negligible. The two phenomena thus agree 
in dividing the range of concentrations into two approximately 
equal sections, and in this they are in accord with the viscosity 
measurements, where a long period of constancy terminates at about 
45 per cent. of alcohol. (ii) The viscosity curves, however, show 
a rapid drop from 0 to 10 per cent., which divides the range from 0 
to 45 per cent. into two portions. The surface-tension curve in 
Fig. 3 rises to a maximum at much the same point and thus 
confirms the idea that a sub-division of the whole range into 
three parts is necessary. 
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The nature of the three stages in the breaking-down of the colloid 
js not yet clearly established. The surface-tension curves are 
perhaps the easiest to interpret, since it is clear that from 45 to 
100 per cent. of alcohol there is no tendency for the soap to be 
adsorbed at the surface ; its principal colloidal property has therefore 
disappeared. This may be taken to involve also the disappearance 
of the colloidal aggregate where a concentration of 45 per cent. of 
alcohol is reached. It remains to account for the initial stage in 
the breaking-down of the colloid, between 0 and 10 per cent., which 
produces no change of density, but causes a rapid fall of viscosity 
and a small rise of surface tension. It is suggested that this may be 
due either to a driving back of the electrolytic dissociation of the 
colloid, that is, to a return of the sodium ions to the micelle, or to an 
initial stage in the breaking-down of the micelle, but no conclusive 
argument can be used in favour of either of these hypotheses. 


Summary. 


(1) The density, viscosity, and surface tension of solutions of 
potassium oleate of two different concentrations in varying con- 
centrations of water and alcohol from pure water to pure alcohol 
have been determined. 

(2) The experimental results suggest that there are three stages 
in the breaking-down of the colloidal aggregate, extending over the 
ranges from 0—15, 15—45, and 45—100 per cent. of alcohol. 


The author would like to express his gratitude to Professor T. M. 
lowry for his interest in these experiments and for much valuable 
advice, and to the Department of Industrial and Scientific Research 
for a grant which has enabled this work to be done. 


THE CHEMICAL LABORATORY, 
THE UNIVERSITY, CAMBRIDGE. [Received, December 20th, 1922.] 


XII.—Studies in the n-Butyl Series. Part II. The 
Four Stereoisomeric By-Di-p-tolylamino-n-butanes. 


By Gitsert T. MorGan and WILFRED JoHN HICKINBOTTOM. 


ly the course of a study of x-butyl derivatives we have examined 

the reaction of the By-dihalogenated n-butanes with ammonia and 

various primary amines. ‘The chemical changes involved in these 

wondensations are very complicated and so far the most definite 

results have been obtained with p-toluidine. The main: product 

of the action. of this aromatic base on $y-dichloro-n-butane, or the 
VOL. CXXIII. EB 
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corresponding fy-dibromo-derivative is a mixture of y-di-p. 
tolylamino-n-butanes, whereas the most readily recognisable by. 
product is 3 : 5 : 7-trimethylacridine (IV). 

On isolating the foregoing diamines with the aid of their hydro. 
chlorides and picrates it was found that two isomeric bases were 
obtained, one melting at 62—63° and the other at 57—58°. 

The less fusible isomeride, which was resolved by means of d-z. 
bromo amphor-z-sulphonic acid into optically active dextro- and 
levo-modifications, is accordingly the externally compensated 
dl-fy-di-p-tolylamino-n-butane (I and II). 


The more fusible isomeride, which could not be resolved, is the 
internally compensated meso-fy-dt-p-tolylamino-n-butane (ITI). 
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The four stereoisomeric fy-di-p-tolylamino-n-butanes demanded by 
theory have thus been obtained in a definitely crystalline form. 


dl-By-Di-p-tolylamino-n-butane 

d-By-Di-p-tolylamino-n-butane 

l-By-Di-p-tolylamino-n-butane 

meso-By-Di-p-tolylamino-n-butane 

The d- and /-modifications crystallise in enantiomorphously 

related forms of the orthorhombic system and show no similarity 
to the meso-isomeride. The dl-form, on the other hand, is almost 
identical crystallographically with the active enantiomers, but it 
is not possible at present to state whether this is referable to a 
spontaneous resolution into an optically active conglomerate or to 
its occurrence in a pseudoracemoid condition. It is hoped to settle 
the question definitely as soon as a sufficient amount of material is 
available. 

' Prolonged heating of the hydrochlorides of the foregoing diamines 
in thepresence of excess of p-toluidine leads to a decomposition 
of these bases with the production of 3 : 5 : 7-trimethylacridine (IV). 
The constitution of this acridine was determined by preparing the 
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base synthetically from acetaldehyde, p-toluidine, and p-toluidine 
hydrochloride. The two preparations gave identical products. 


EXPERIMENTAL. 
Preparation of By-Dichloro-n-butane and By-Dibromo-n-butane. 


The vapour of n-butyl alcohol * was passed through glacial phos- 
phoric acid maintained at 300—350° in a cylindrical copper vessel, 
the resulting crude A®-butylene was cooled to room temperature 
and passed into a fiask cooled in a freezing mixture, gaseous chlorine 
or liquid bromine being introduced into this absorption vessel at 
such a rate that only a slight excess of halogen was present through- 
out the operation. The crude butylene dihaloids were washed 
successively with aqueous alkali and water, dried, and distilled. 
The dichloride, fractionated several times to remove chlorinated 
products, was ultimately collected in the fraction 115-2—115-5°/752 
mm. The dibromide was fractionated repeatedly until the purified 
product boiled at 157—158° under the ordinary pressure. 


Condensation of By-Dichloro-n-butane and p-Toluidine. 


The dichlorobutane was heated with four to six molecular pro- 
portions of p-toluidine, the temperature being maintained at about 
130—140°. After thirty hours, concentrated aqueous sodium 
carbonate was added and the excess of p-toluidine removed by 
distillation in steam. The dark, non-volatile residue was extracted 
with ether, the dried ethereal extract being distilled up to 290°. 
The fraction (A) collected between 200 and 290° was reserved for 
subsequent examination. The bulk of the condensation product 
which remained in the distillation flask was warmed with diluted 
hydrochloric acid, 40 c.c. of concentrated acid and 100 c.c. of water 
being used for 20 grams of the crude mixed bases. The dark, gammy 
mass on trituration changed into a hard, bulky, crystalline magma, 
which was recrystallised from boiling water. After separating a 
dark oil (B), the yellow, crystalline solid (C) was removed from the 
mother-liquor (D) and decomposed with aqueous sodium hydroxide, 
when a diamine separated as an oil which solidified on cooling. 
Crystallisation of this product from alcohol yielded the externally 
compensated base, dl-fy-di-p-tolylamino-n-butane. The alcoholic 
mother-liquor and the solution (J) gave further quantities of this 
base in the form of its picrate. The crude diamines, dissolved in 
benzene, were treated with a molecular proportion of picric acid, when 
on warming, the dl-picrate separated in bulky, orange-red crystals. 


* The authors’ thanks are due to Captain Desborough of the Royal Naval 
Cordite Factory for supplies of n-butyl alcohol. 
E2 
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The benzene mother-liquors of the dl-picrate yielded on addition 
of aqueous ammonia crude meso-Sy-di-p-tolylamino-n-butane, this 
base being purified by taking advantage of the slight solubility of 
its hydrochloride in absolute alcohol. The alcoholic solution of 
the crude diamine was evaporated to dryness with a slight excess 
of hydrochloric acid, and the residue extracted repeatedly with 
small quantities of warm absolute alcohol. The hydrochloride of 
the meso-diamine remained as a colourless powder. 

The dark oil (B) on extraction with ether left a dark brownish- 
yellow solid (the acridine by-product), whilst the ethereal extract 
contained a further quantity of the dl- and meso-By-di-p-tolylamino. 
n-butanes. These mixed diamines were converted into hydro. 
chlorides and the crude salts extracted with alcohol, when the meso. 
salt remained undissolved, whereas the mother-liquor contained 
the dl-isomeride and was worked up for this diamine together 
with the more soluble hydrochloride obtained from the mixed 
picrates. 

The Externally Compensated Base,dl-Gy-Di-p-tolylamino-n-butane— 
This diamine, obtained through its picrate, was set free by ammonia 
and purified by crystallising from alcohol; it separated in tabular, 
six-sided crystals, and melted at 62—63° (Found: C = 809; 
H=94; N=10-7. C,,Ha,N, requires C = 80-54; H = 9-02; 
N = 10-44 per cent.). 

The dl-hydrochloride crystallised from water or very dilute hydro- 
chloric acid in hard, nodular crystals containing water of crystal- 
lisation (Found: N=7-54; Cl= 18-77. C,,H,,N,,2HCI1,2H,0 
requires N = 7-43; Cl = 18-80 per cent.). On drying at 100°, a 
rapid loss in weight of 9—10 per cent. occurred corresponding with 
elimination of the water, but longer drying led to a further loss, 
the residue being yellow and finally brown. After several days at 
100°, the chlorine content had dropped to 17-24 per cent. and the 
total loss was 12-3 per cent. 

The dl-zincichloride, precipitated as a white, curdy solid on mixing 
ethereal solutions of its generators, was hydrolysed by warm water 
(Found: Cl= 17-64. C,,H,,N,,ZnCl, requires Cl = 17-53 per 
cent.). The dl-picrate separated from a benzene solution of picric 
acid and the diamine in orange-red, felted crystals, drying to a 
golden yellow colour and melting at 170° to a red liquid (Found: 
N = 14:19. C,,H,,N,,C,H,;0,N, requires N = 14-08 per cent.). 
The picrate was only sparingly soluble in cold benzene, ether or 
light petroleum, dissolving more readily in ethyl acetate. 

dl-Dibenzoyl-By-di-p-tolylamino-n-butane crystallised from alcohol 
in prisms melting at 214° (Found: N = 6-29. C,.H,.0,N, requires 
N = 5-88 per cent.). 
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dl-n-Butylene-y-di-p-tolyldinitrosodiamine, 
C,H.-N(NO)-CHMe-CHMe-N(NO):-C,H., 
prepared by adding aqueous sodium nitrite to the diamine, dis- 
solved in 50 per cent. acetic acid, was precipitated by ether and 
crystallised from light petroleum in tabular crystals melting at 
§8—89°; it responded to the Liebermann test (Found : N = 17-42. 
C,gHo.0.N, requires N = 17-17 per cent.). 

The tetrahydroglyoxaline derivative of the dl-diamine was obtained 
by warming an alcoholic solution of this base with 30 per cent. 
neutral formaldehyde solution. On cooling, the product separated 
and was recrystallised from alcohol in tabular forms melting 
at 107—108° (Found: N = 10-28. C,,H,,N, requires N = 10-00 
per cent.). This tetrahydroglyoxaline was soluble in the ordinary 
organic media; its picrate crystallised from benzene in clusters of 
bright yellow needles melting at 137°. 


Resolution of dl-By-Di-p-tolylamino-n-butane. 


Preliminary experiments with Reychler’s camphorsulphonic acid 
failed to produce any resolution ; the d-camphorsulphonate separated 
in prismatic needles melting at 222° with effervescence, and no 
appreciable separation was observable after repeated crystallisations 
from dilute alcohol. The resolution was, however, effected by 
adding 5-3 grams of d-«-bromocamphor-z-sulphonic acid in 18-5 ¢.c. 
of water to the externally compensated base (2-1 grams), dissolved in 
asmall amount of ether. A viscous, semi-solid mass resulted which 
on warming with more ether became harder and more crystalline. 
The precipitate was washed repeatedly with ether until quite hard ; 
the residue then weighed 3-3 grams. After one crystallisation from 
alcohol this salt was decomposed with dilute aqueous ammonia and 
the liberated diamine separated by extraction with ether. 

dextro-By-Di-p-tolylamino-n-butane (formula I) separated from 
alcohol in hard, colourless tablets melting at 87—-88°; it was more 
sparingly soluble in alcohol and light petroleum than the dl-base 
(Found: C= 806; H=91; N= 10-5. C,gH.,N, requires 
C= 80-54; H=9-02; N= 10-44 per cent.). A determination 
of its optical activity in commercial absolute alcohol (c = 3-35) 
gave [a] + 100°, whence [M]# + 268°. 

The d-hydrochloride separated from water containing a little 
hydrochloric acid in slender, anhydrous needles (Found : Cl = 20-8. 
C,gsH,,N.,2HCl requires Cl = 20-78 per cent.). 

levo-By-Di-p-tolylamino-n-butane (formula II) was isolated from 
the more soluble portions of the d-«-bromocamphor-7-sulphonate 
by decomposing this salt with dilute ammonia; the diamine was 
crystallised repeatedly from light petroleum and absolute alcohol. 
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It separated from the latter solvent in tablets melting at 87—9% 
(Found: C = 80-65; H=915; N=10-6. C,,H,,N, require 
C = 80:54; H=9-02; N = 10-44 per cent.), A determinatin 
of optical activity in commercial absolute alcohol (¢ = 3-33) gave 
[«]} — 98°, whence [M]5 — 263°. 

The 1-hydrochloride separated from very dilute hydrochloric acid 
in colourless, slender needles (Found: Cl = 20-82. C,,H,,N,,2H( 
requires Cl = 20-78 per cent.). 

Equal weights of the d- and /-diamines,; when mixed and dissolved 
in alcohol, yielded the di-base on concentration of the solvent. 

meso-Sy-Li-p-tolylamino-n-butane (Formula III).—This diamine, 
which was obtained from the hydrochloride remaining insoluble 
after extraction with absolute alcohol, showed at first no tendency 
to solidify, but was finally obtained crystalline by inoculation with 
a fragment of solid obtained by cooling a portion of the amine to 
— 15° in the presence of light petroleum. The meso-diamine 
separated from light petroleum in tabular crystals melting at 57— 
58° (Found: C= 80-9; H=92; N=106. C,,H,,N, requires 
C = 80-54; H = 9-02; N = 10-44 per cent.). 

The meso-diamine was more soluble in organic solvents than the 
externally compensated base. Unlike the latter, it gave a d- 
bromocamphor-z-sulphonate which remained homogeneous after 
repeated crystallisation from aqueous alcohol. 

The meso-hydrochloride crystallised from aqueous alcohol in 
prismatic needles melting at 229—230° (Found: N = 8-46; Cl= 
20-75. C,H ,No,2HCl requires N = 8-21; Cl = 20-78 per cent.), 
The meso-dibenzoyl derivative separated from alcohol in small, 
white crystals melting at 193—194° (Found : N = 5:7. C,.H,,0,N, 
requires N = 5-88 per cent.). 

meso-n-Butylene-By-di-p-tolyldinitrosodiamine, 

C,H,-N(NO)-CHMe-CHMe-N(NO)-C_H., 
prepared by ohdinn sodium nitrite to the meso-diamine, dissolved 
in 50 per cent. acetic acid, crystallised from warm methy] alcohol 
in iridescent tablets having a slight buff tint ; it melted at 146—147° 
(Found: N = 17-48. C,,H,.0,N, requires N = 17-17 per cent.). The 
meso-dinitrosodiamine was distinguished from its dl-isomeride in 
being less soluble in methyl alcohol, and may be isolated from a 
mixture of the two by crystallisation from this solvent. 

On adding concentrated hydrochloric acid to the dinitrosodiamine 
(1-1 grams) dissolved in 15 c.c. of glacial acetic acid on the water- 
bath, effervescence occurred with evolution of brown fumes. The 
heating was continued until the action had ceased, when the solution 
was diluted with water and extracted with benzene to remove tal. 
meso-fy-Di-p-tolylamino-n-butane was liberated from the acid solu- 
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tion by adding sodium hydroxide and extracting with ether, and 
was converted into its sparingly soluble hydrochloride (0-35 gram). 
The low yield was probably due to oxidation during the liberation 
of nitrous acid; the product was, however, meso-diamine identical 
with that isolated from the condensation between butylene dichlariae 
and p-toluidine. 

The tetrahydroglyoxaline of the meso-diamine separated in thin 
plates or laminz on mixing an alcoholic solution of the base with 
aqueous formaldehyde. After crystallisation from alcohol this 
compound was obtained in colourless needles melting at 94° (Found : 
N= 10-19. C,9H,,N, requires N = 10-0 per cent.). 

The By-product, 3:5: 7-Trimethylacridine (Formula IV).—The 
dark oil B (p. 99), when extracted with benzene and ether to remove 
the isomeric diamines, left a dark solid residue of a hydrochloride. 
This residue, when purified by repeated crystallisation from hot 
water, separated in felted masses of bright yellow, hydrated needles 
sparingly soluble in cold water. On drying, this hydrochloride 
lost 17-2 per cent. of water, and the residue gave Cl = 13-65, 13-33. 
0,,H,;N,HCI,3H,O requires H,O = 17-3. C,,H,;N,HCl requires 
(l= 13-76 percent. A dilute aqueous solution of this hydrochloride 
showed an intense green fluorescence. 3: 5: 7-T'rimethylacridine, 
obtained as a white, flocculent mass by adding ammonia to the 
yellow hydrochloride, was dried, and crystallised from light petroleum 
(b. p. 80—100°) in long, pale yellow needles melting at 133—134°; 
by slow crystallisation, well-formed, amber crystals separated 
(Found: C= 87:2; H=7:1; N=6-6. MZ = 221 in benzene 
by freezing point (c = 2-06). C,,H,;N requires C = 86-9; H = 68; 
N = 6:3 per cent.; M = 221]. The colourless needles of 3:5: 7- 
trimethylacridine contained water of crystallisation; on drying 
in a vacuum desiccator, they become opaque and fall to powder. 

The iodide separated from boiling water in orange-red, anhydrous 
needles sparingly soluble in hot water (Found: I = 36-38. 
C,,H,;N,HI requires I = 36-35 per cent.). 

The perchlorate formed light yellow crystals sparingly soluble in 
cold water; its dilute alcoholic solution showed an intense green 
fluorescence. The dichromate was a bulky, yellow precipitate, and 
the picrate a bright yellow, sparingly soluble powder melting at 
225—226°. 

3:5: 7-Trimethylacridine nitrate separates from warm water in 
small, yellow needles (Found : N = 10-26. C,,H,;N,HNO, requires 
N = 9-86 per cent.). 

3:5: 7-Trimethylacridinium methyl iodide, prepared by warming 
the acridine with an excess of methyl iodide, crystallises from warm 
water in slender, scarlet needles (Found: I = 34-58. C,,H,,NI 
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requires I = 34-95 per cent.). It is not readily soluble in cold 
absolute alcohol or water, but is more soluble on warming. A dilute 
aqueous solution, when treated with a dilute solution of sodium 
hydroxide, rapidly yielded a greenish turbidity, which gradually 
became white. 

3:5:7-Trimethylacridine was synthesised in small yield by 
adding 6 c.c. of acetaldehyde to 10 grams of purified p-toluidine, the 
solution being warmed on the water-bath until it became dark red. 
Fifteen grams of p-toluidine and 9 c.c. of concentrated hydrochloric 
acid were added, the mixture was heated on the sand-bath for nine 
hours, and then poured into excess of dilute hydrochloric acid. 
The precipitate was recrystallised from hot water and after two 
crystallisations 0-35 gram of air-dried 3:5: 7-trimethylacridine 
hydrochloride was obtained (Found: H,O = 17-65 per cent.). 
A portion was converted into iodide (Found : I = 36-40. C,,H,,N,HI 
requires I = 36-35 per cent.). The base, liberated from its salts 
and recrystallised from light petroleum, melted at 133° and was 
identical with the foregoing product. 

Conversion of y-Di-p-tolylamino-n-butane into 3:5: 7-Tri- 
methylacridine.—The hydrochloride of dl-By-di-p-tolylaminobutane, 
when heated in an open tube for twenty-five hours, gave a white 
sublimate which subsequently darkened. The product was then 
rendered alkaline and distilled in steam, when p-toluidine was 
identified among the volatile products. Trimethylacridine was not 
detected among the non-volatile products. When the hydrochloride 
from 5 grams of di-diamine was heated with 8 grams of p-toluidine 
in an open tube at 180—220° for forty hours, a small amount of secon- 
dary base was identified among the products volatile in steam. From 
the non-volatile residue 1 gram of trimethylacridine hydrochloride 
was isolated and further amounts were recovered in the form of 
picrate. The non-volatile residue insoluble in dilute hydrochloric 
acid was identified as di-p-tolylamine. 


Notes on the Reaction between the By-Dihalogenated n-Butanes and 
p-Toluidine. 


In repeated condensations it was found that the yield of Py-di-p- 
tolylamino-n-butanes diminished when either the reaction was pro- 
longed or the temperature was too high. Fifty grams of py-dichloro- 
n-butane and 200 grams”of{p-toluidine heated for forty hours at 
140—150° furnished 27 grams of the dl-diamine, 11 grams of the meso- 
diamine, and 1 gram of 3: 5: 7-trimethylacridine. When the time 
was prolonged to sixty hours, the yield of diamines decreased 
and the amount of 3:5: 7-trimethylacridine rose to 7 grams. 
At 180—220° for forty hours, the diamines disappeared and the only 


ROTATORY POWER AND CHEMICAL CONSTITUTION. PART XVIII. 105 


recognisable products were 3:5: 7-trimethylacridine and di-p- 


tr. tolylamine (m. p. 79°; nitrosoamine, m. p. 101—103°). 
co 8y-Dibromo-n-butane reacted with p-toluidine in a similar 
um § manner but more readily, so that it is sumouenensy to give details 
ually 
of the condensation. 


The more volatile by-products (fraction A, p. 99) contain mono- 


' by amines produced by the interaction of p-toluidine and the dihalo- 
» the genated -butanes in molecular proportions; these substances are 
ha: under examination together with the products of the action of 
oric 


ammonia and other bases on the dihalogenated butanes. 


veid, The authors desire to express their thanks to the Department of 
two Scientific and Industrial Research for grants which have partly 
ty defrayed the expense of this investigation. 
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XIII.—Investigations on the Dependence of Rotatory 


ne, 
ite Power on Chemical Constitution. Part XVIII.* 
sie The Di-l-menthyl Esters of the Saturated Di- 
- carboxylic Acids. 
de By Leste Hatt. 
or Ir has been shown in the earlier parts of these investigations, and 
ut particularly in Part XIII, that the rotatory powers of those 
members of a homologous series containing within the molecule a 
- chain of five (or a multiple of five) carbon (or carbon and oxygen) 
* atoms frequently deviate considerably from what may be con- 
’ sidered to be the normal values for such compounds. In Part XVI, 
however, a homologous series of optically active esters of dibasic 
d acids is described in which this effect is subordinated to, and almost 


obliterated by, an alternating effect due possibly to the alternate 
cis- and trans-structure of the saturated dicarboxylic acids and 
their derivatives. In the latter investigation, too, it was shown, 
as was perhaps to be expected, that the optically active esters of 
the dibasic acids exhibit complex rotatory dispersion which persists 
over a wider range of experimental conditions than does the com- 
plex rotatory dispersion shown by the corresponding esters of the 
monobasic acids. This effect can be attributed to the fact that in 


* In this paper references are made to Part XIII, this vol., p. 1, and to 
Part XVI, shid., p. 32. 
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the former case there are two centres of possible dynamic isomerism 
—carboalkyloxyl groups—in the molecule, whilst in the latte 
case there is only one. 

In view of these facts, then, it was considered of interest to extend 
the scope of the investigation to include another similar series of 
dibasic esters with a different alcohol as the source of optical 


Fia. 1. 
The specific rotatory powers, [a]se9g, of the dibasic esters of 1-menthol. 


I. In 5%, chloroform solution. 
II. Ditto. Values given by Hilditch. 
IIT. In the homogeneous state at 80°. 
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activity. Such a series has already been described by Hilditch 
(T., 1909, 95, 1581), and his results show an abnormal value for 
the rotatory power of the adipic member which cannot be explained 
by any theory put forward in this series of investigations. In 
view of the conclusions summarised in Part XIII, it was thought 
that this abnormality might reappear, perhaps in a modified form, 
at that member of the series containing five more carbon atoms 
than the adipate, and, in order not only to render the results 
comparative, but also to carry out measurements of rotatory 
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dispersion, it was decided te synthesise the whole series afresh 
from the oxalate to the n-decane-ax-dicarboxylate. 

The results of this investigation show that the abnormal value 
of the rotatory power of the adipic ester found by Hilditch has 
no real existence; that, within the limits of experimental error, 
the series shows a regular variation of rotatory power from member 
to member, except in the case of the oxalate and the malonate 
and possibly with slight irregularities in the cases of the esters of 
the acids containing five and nine methylene groups; and that 
the esters all exhibit simple rotatory dispersion under all the 
experimental conditions studied. 

Fig. 1 shows, inter alia, the comparison between the results 
obtained by Hilditch and those obtained in this investigation. It 
will be seen that in every case except one the rotatory powers of 
the esters now described are considerably higher than those recorded 
by Hilditch, which is in itself strong evidence of the optical purity 
of these esters. In the one remaining case, it is found that the 
melting point of the ester of lower rotation now described is higher 
than that of the corresponding ester prepared by Hilditch, thus 
indicating a state of higher chemical purity in the specimen pre- 
pared in the course of this investigation. The high rotatory power 
exhibited by the oxalate has its parallel in the case of the di-d-8- 
octyl oxalate (Part XVI) and perhaps also in the abnormally low 
rotatory powers exhibited by the alkyl formates (Part XIII), the 
corresponding first members of the series of monobasic esters. 

The low rotatory power of the malonate is possibly due to the 
chain of three carbon and two oxygen atoms connecting the hydro- 
aromatic rings. 


CHMe CHMe 


aN 

a 

éu, éx--o—C—cH,—C—o—ué * én, 
a 5 


/™ 
CH, CH, 0 


1 2 3 Ys 
CH 
CHMe, 


A cis-configuration has already been assigned to malonic acid 
by Price and Brazier (T., 1915, 107, 1719) and it will readily be 
seen that this formulation, 
£OO°\| on 
CH, on: 

\CO” 
is by no means inconsistent with that adopted in this and earlier 


parts of this investigation to account for irregularities in the 
E* 2 
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rotatory power of those members of a homologous series which 
contain a complete chain of 5 x n atoms of carbon or of carbon 
and oxygen. 

That the suberic ester does not show any irregularity of rotatory 
power as compared with the rotatory powers of the other members 
of the series is perhaps due to the fact that, although it possesses 
a chain of eight carbon atoms and two oxygen atoms connecting 
the hydroaromatic rings, this ester must be considered to possess 
a trans-structure and so the development of the spiral form of the 
chain is prevented. It should be pointed out, however, that no 
irregularity can be detected in the rotatory power of di-d--octyl 
azelate (Part XVI), although this ester should possess a cis-con- 
figuration and contains five more carbon atoms than di-d-8-octy! 
succinate, which possesses a low rotatory power. 

If the molecular rotatory powers of the esters be calculated, it 
will be seen that after the first three members they tend to a 
constant value, this being in accordance with Tschugaev’s rule. 
A similar result is to be found in the case of the di-f-octyl esters 
described in Part XVI. 

It is noteworthy that these esters exhibit simple rotatory dis. 
persion in that the variation of rotatory power with the wave- 
length of the light used can be expressed by a Drude equation 
with one term. This was tested by the simple expedient of plot- 
ting the reciprocal of the rotatory power against the square of the 
wave-length, when linear curves were obtained. As, however, 
only three points were available for each ester, it was considered 
advisable to extend the observations, and accordingly the rotatory 
power of the sebacic ester was determined by a photographic method 
for radiations of shorter wave-length, using the iron arc as illumi- 
nant. Five additional readings were thus obtained and it was 
then found that the eight values of the rotatory power of this 
ester for radiations of wave-lengths between A = 5893 and A = 3767 
could be expressed by a Drude equation with one term. 

It is also of interest to note that the specific rotatory powers of 
these esters are influenced only slightly by change of temperature. 
They are therefore very different from the corresponding esters 
of d-8-octanol, the rotations of which possess a considerable 
temperature coefficient. 


EXPERIMENTAL. 


The /-menthol used throughout these experiments was specially 
pure material obtained from Schimmel, and possessed [a], — 49-46° 
in 5 per cent. ethyl alcoholic solution. 

The esters, with the exception of the malonate, were prepared 
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by the method described by Hilditch (loc. cit.), that is, the pure 
acid chloride was mixed with a slight excess of menthol, and the 
mixture heated at 100° for four or five hours until the evolution 
of hydrogen chloride had ceased. The product was dissolved in 
ether, washed carefully with dilute aqueous sodium carbonate 
glution to remove traces of acids, and then distilled in steam 
to remove excess of menthol, it being found that the esters were 
unaffected by such treatment. The non-volatile residue of ester 
was extracted with ether, dried over potassium carbonate, and 
fractionally distilled under reduced pressure. 

]-Menthyl Malonate.—This ester was prepared by heating /-menthol 
(10 grams) with malonic acid (3 grams) and three drops of strong 
sulphuric acid at 110° for fifteen hours. The dark-coloured product 
was dissolved in ether, washed with dilute sodium carbonate solu- 
tion, and purified as described above. 

The esters were obtained either as very faintly odorous, crystalline 
solids or as very viscous, odourless liquids. They were found to 
hve the following melting and boiling points: Di-l-menthy] 
malonate, m. p. 61—62°, b. p. 169—170°/1 mm.; succinate, m. p. 
63°, b. p. 200—205°/2 mm.; glutarate, m. p. 45—46°, b. p. 180— 
183°/1 mm.; adipate, m. p. 63—64°, b. p. 190—194°/1 mm.; 
pimelate, m. p. 45°, b. p. 216—217°/2 mm.; suberate, m. p. 36—37°, 
b. p. 205—208°/1 mm.; azelate, b. p. 225—228°/2 mm.; sebacate, 
b. p. 216—217°/1 mm.; n-nonane-a-dicarboxylate, b. p. 235— 
238°/3 mm.; n-decane-a«-dicarboxylate, b. p. 225—228°/2 mm. 

The specimen of the pimelic ester, in contrast to that described 
by Hilditch, boils without decomposition at 2 mm. pressure and 
shows no tendency to resinify on keeping. 

In the case of the esters which are liquid at the ordinary tem- 
perature, density deterniinations were carried out using a carefully 
calibrated pyknometer holding about 1-5 c.c. at temperatures 
ranging from 20° to 100°. The densities of the solid esters were 
determined at temperatures extending from their melting points 
to 130°. 

Observations of rotatory power in the homogeneous state were 
made using a jacketed 50 mm. tube, round which hot oil was 
tirculated.. The light of the sodium flame and of the mercury 
are were used for these determinations. The rotatory power of 
each of the esters was also observed using pure chloroform as 
asolvent. The same sample of the freshly purified solvent was 
wed throughout the experiments. In every case the rotatory 
power was observed using a 2-dem. tube, the concentration of the 
eter in the solution being approximately 5 per cent. 

The rotatory powers of the esters were found to be unaffected 
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by distillation under reduced pressure and by heating at atmo. 
spheric pressure to 140°. The J-menthol obtained by hydrolysing 
samples of each of the esters was found to possess its maximum 
rotatory power. 


TABLE I. 


Observations of Density, D?, and Rotatory Power in the Homogeneous 
State. 


Rotations are here given as for a 1-dem. tube and are all negative | 


in sign. 
The values for the rotatory power of J-menthyl oxalate in the 


homogeneous state are not here reproduced, as they have already 
been published (Kenyon and Pickard, T., 1915, 107, 35). 


1-Menthyl malonate. 


Di: 0-9443 at 76°; 0-9292 at 95:5°; 0-9149 at 112-5°; 0-9026 at 127-5°, 
dggon 66-78° at 69°; 65-64° at 92°; 64-76° at 112°; 63-90° at 129°. 
Gz4g, 77°94° at 70°; 76-54° at 93°; 75-86° at 112°; 75-04° at 129°. 
Gage 128-50° at 69°; 126-68° at 93°; 125-26° at 112°; 124-06° at 129°, 


l-Menthyl succinate. 


Dt 0-9469 at 71°; 0-9249 at 97°; 0-911] at 114-5°; 0-9038 at 124-5°. 
Ggeon 72°42° at 85°; 71-76° at 99:5°; 71-30° at 120°; 70-10° at 139°. 
Gg4g1 84:28° at 84°; §3-72° at 100°; 83-28° at 119°; 82-50° at 139°. 
G4ygg 139°70° at 84°; 139-04° at 100°; 137°74° at 120°; 136-52° at 139°. 


1-Menthy] glutarate. 


D* 0-9491 at 60°; 0-9396 at 74°; 0-9313 at 83°; 0-9170 at 101°. 

Gigeg3 71°50° at 61°; 70-04° at 84°; 69-16° at 101°; 68-14° at 117°; 67-14° at 
134°. 

Gg¢1 83°96° at 62°; 82-34° at 85°; 81-14° at 102°; 80-14° at 117°; 78-74° at 
134°, 

4353 140-56° at 61°; 137-30° at 85°; 135-44° at 101°; 133-64° at 117°; 
131-64° at 134°. 


l-Menthyl] adipate. 


Di: 0-9337 at 74:5°; 0-9196 at 91-5°; 0-9059 at 110-5°; 0-8939 at 125-5°. 
Gzg93 67°76° at 79°; 66-34° at 100°; 65-42° at 118°; 64-06° at 142°. 

gg, 79°14° at 78°; 77-72° at 100°; 76-84° at 118°; 75-34° at 143°. 

Gysgq 132-44° at 78°; 130-12° at 100°; 127-96° at 118°; 125-68° at 142°. 


l-Menthyl pimelate. 


D* 0-9479 at 51°; 0-9361 at 65-5°; 0-9253 at 80°; 0-9082 at 101°. 

Ggg93 68°32° at 60°; 66-78° at 80°; 65-76 at 98°; 64-38° at 120°; 62-82° at 
141°, 

diggg, 79°88° at 61°; 77-88° at 81°; 76-74° at 99°; 75-48° at 120°; 74:10° at 
141°, 

dysgq 13274° at 61°; 130-08° at 80°; 128-26° at 98°; 125-66° at 120°; 123-60° 
at 141°. 
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TABLE I.—(continued). 
J-Menthy] suberate. 
Di 0-9432 at 50-5°; 0-9337 at 63-5°; 0-9213 at 80°; 0-9059 at 101°. 
64-74° at 56°; 63-16° at 78°;. 62-18° at 99°; 61:38° at 118°; 60-46° at 


G5 893 


137°. 

Os461 76-28° at 57°; 74:-40° at 79°; 73-32° at 99°; 72-38° at 118°; 71-34° at 
138°. 

ays58 127-08° at 56°; 124-32° at 79°; 122-52° at 99°; 120-48° at 118°; 118-68° 
at 137°. 


J-Menthy] azelate. 

Dj: 0-9557 at 29°; 0-9399 at 50-5°; 0-9266 at 70°; 0-9040 at 100-5°. 

dsgq3 64-64° at 16°; 63-62° at 35-5°; 62-50° at 57°; 61-18° at 81°; 60-46° at 
95°; 59-62° at 115°; 58-68° at 132°. 

dgyg 76°24° at 16°; 75-18° at 35°; 73-38° at 57°; 71-84° at 81°; 70-94° at 
95°; 69-94° at 115°; 69-34° at 132°. 

Gyggg 126-18° at 16°; 124-16° at 35°; 121-70° at 57°; 119-30° at 81°; 118-38° 
at 94°; 116-46° at 112°; 114-94° at 132°. 


l-Menthyl sebacate. 

Dy 0-9477 at 31-5°; 0-9356 at 49°; 0-9226 at 68°; 0-8974 at 101°. 

Gggqg 61-92° at 19°; 60-38° at 45°; 59-66° at 65°; 58-72° at 88°; 57-96° at 
108°; 56-94° at 127°; 56-24° at 140°. 

4g, 73°12° at 19°; 71-20° at 45°; 69-98° at 65°; 68-60° at 89°; 67-60° at 
109°; 66-66° at 128°; 65-86° at 141°. 

Qy35g 120-84° at 19°; 116-42° at 45°; 115-48° at 65°; 114-04° at 89°; 112-68° 
at 109°; 110-72° at 128°; 110-00° at 141°. 


The following photographic observations were recorded for a 
l-dem. tube at 17°. 


[4051 = 130-0° ; [4085 => 139-7°; A3998 = 150-0°; 4sss7 = 160-0° ; 23767 =169-6; 
whence 


(a), for Agog; = 135-79; Agogg = 145-8°; Agops = 156-6°; Agegy = 167-0°; 
A3s767 = 177-0°. 


[-Menthyl n-nonane-a-dicarboxylate. 
Di 0-9445 at 30-5°; 0-9305 at 48-5°; 0-9164 at 69°; 0-8925 at 100-5°. 
Gse93 59°36° at 21°; 57-02° at 54°; 56-02° at 80°; 54-94° at 105°. 
Gsyg, 70-00° at 21°; 65-60° at 55°; 63-96° at 79°; 62-84° at 105°. 
355g 115-86° at 21°; 110-96° at 55°; 108-92° at 79°; 106-20° at 105°. 


l-Menthyl n-decane-ax-dicarboxylate. 
Df 0-9445 at 29°; 0-9292 at 50°; 0-9164 at 69-5°; 0-8923 at 100-5°. 
Qygp3 58-64° at 17-5°; 56-32° at 53°; 55-04° at 805°; 53-98° at 103-5°. 
M54g, 68-26° at 17-5°; 63-72° at 53°; 62-22° at 80-5°; 60-92° at 103°. 
H:35¢ 113-46° at 17-5°; 108-42° at 53°; 106-10° at 80-5°. 


TaBeE IT. 
Rotatory Powers of Esters at Different Temperatures. 


l-Menthy] malonate. l-Menthyl succinate. 
®. De [alsso [a}scn- [alesse # Dy. [alseor (alsscr (alesse: 
80° 0°9408 -70°39° -82-12° -135°6° 80° 0°9393 -77°32° -89°86° -149°1° 
100 0°9248 70°66 8243 1362 100 09229 7769 90°63 1502 
120 0:9087 70°87 8303 137-1 120 09064 7859 91°77 151°7 
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TABLE II.—-(continued). 


l-Menthy] glutarate. 


l-Menthy] adipate. 


60 09491 75°37 8857 1481 80 09292 72°74 85°02 142-2 
80 0°9334 75:19 88°47 147°8 100 0°9137 72°52 85:07 142°2 
100 09177 75:18 88-41 147°7 120 0°8982 72°57 85°35 142:2 
120 09021 75°41 88°57 147°7 
l-Menthyl pimelate. l-Menthy] suberate. 
60 09406 72°59 85°00 1412 60 09362 68°30 81°17 1352 
80 0°9248 72°23 84°37 140°7. 80 0°9213 68°50 80°79 135-0 
100 0:9089 72:13 84°37 140°7 100 09065 6852 80°83 135:1 
120 0°8927 72:14 84:57 140°8 120 0°8915 68°71 80°97 135°1 
l-Menthy] azelate. l-Menthy] sebacate. 
20 09618 66°92 78°93 130°8 20 0°9562 64°68 76°37 126°1 
40 0°9476 66°85 78°61 130°4 40 0°9417 64°55 76°00 125°5 
60 0°9333 66°70 78°39 130-1 60 09273 6455 75°77 125:3 
80 0°9189 66°64 78:18 129°8 80 0°9128 64:66 75°70 1255 
100 0°9044 66°65 78°12 129°8 100 0O°8980 64:79 75°77 126°] 
120 0°8900 66°74 78°34 130°1 120 0°8831 65°03 75°97 126°5 
l-Menthyl n-nonane-ai-dicarboxylate. | 1-Menthyl n-decane-ax-dicarboxylate. 
20 0°9522 6230 7360 1213 20 09508 61-42 71:36 1189 
40 09374 6166 71°74 1205 40 0-9364 60°87 69°66 1174 
60 0°9227 61°53 70°68 1197 60 09219 60°66 6882 1169 
80 0°9079 61°58 7050 1196 80 09073 6063 6855 116-9 
100 0°8932 61°83 70°53 1197 100 0°8924 60°68 68°47 — 
TaB_eE III. 


Table of Rotations of Esters in Chloroform Solution. 


In these experiments, about 1 gram of the ester was made up to 
20 c.c. with pure chloroform at the temperature of the laboratory. 
Rotations were then determined at that temperature using a 2-dem. 


tube. 
Wt. of ester 
in 100 c.c. 
of solu- 
Name ofester. tion.  agg93- 5461: 
1-Menthyl 
oxalate 4°82 -10°11° -12-01° 
malonate 4:98 8°07 9°32 
succinate 5°19 9°30 10°88 
glutarate 4:95 8°32 9°82 
adipate 5°04 8:23 9°52 
pimelate 4°96 7°95 9-09 
suberate 4°71 721 8°41 
azelate 5°10 7°60 8°81 
sebacate 5°02 7°30 8°32 
n-nonane-ai- 
dicarboxylate 5°00 6°90 8:13 
n-decane-ak- 
dicarboxylate 5°01 6°78 «7°90 


Part of the expense involved in this investigation was defrayed 
by a grant from the Government Grant Committee of the Royal 


Society. 


Gassg- [a}seos- [2] 5a61- 
—20°15° -—104°8° -—124°6° 
15°53 81°12 93°67 

18°21 89°68 104°8 
16°26 84°12 99°28 
15°93 81°75 94°56 
15°32 80°56 92-10 
14°04 76°58 89°33 
14°77 74°44 86°30 
14:06 72°74 82:90 
13°64 69°05 81°47 
13°20 67°67 78°84 


[@]as58: 


—209°0° 
156°1 
175°6 
164°4 
158-2 
155:2 
149°1 
144°6 
140°1 


136°4 
131°7 
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XIV.—Ring-chain Tautomerism. PartIV. The Effect 
of the Methyl Ethyl Grouping on the Carbon 
T'etrahedral Angle. 


By Bavprr SineH and JOcELYN FIELD THORPE. 


THE recent experiments of Deshapande and Thorpe (T., 1922, 121, 
1430) on @6-diethylglutaric acid have shown that, in accordance 
with the general hypothesis regarding the influence of groups on 
the depression of the tetrahedral angle, the effect produced by the 
gem-diethyl grouping lies approximately midway between those 
caused by the gem-dimethyl group and by the six-carbon ring. 

On the other hand, attention was directed to the very marked 
differences in chemical behaviour which accompanied the com- 
paratively small alteration in angle, and particularly as regards the 
stability of the open-chain or ring system which was the outcome 
of the change. Thus, whereas the keto-acid (I) is the stable form 
in the dimethyl series, the ring hydroxy-acid (II) is the stable 


CH aCO-CO,H CH,-CH (OH)-CO,H 
a) Assoc 2 H,<CHe'CHS¢ eH (qy, 
cn. “<cu,co,n © CHCH <Gi-00,H oi 


structure in the six-ring series, and, as a matter of fact, so much is 
this the case that it has not been found possible to prepare the ring 
hydroxy-acid (III) or the keto-acid (IV) in spite of the fact that the 


im cc HOMCOM gy, <CHy Clo <000OH gy. 
3 


CH-CO,H CH,-CH,”  ~CH,-CO,H 
CHBr-CO,Et 
>C<cHBr-co,Et ‘ 


starting point was in each case the dibromo-ester (type V) or 
the corresponding bromo-lactone. These results were, however, 
brought into line by the discovery by Deshapande and Thorpe that 
the keto-acid (VI) and the hydroxy-ring acid (VII) in the diethyl 


C,H CO:CO,.H _. C,H (OH)-CO,H 
vr.) CH So oH _.~ CoHs¢ 5 2H vit. 
CHS oH,.cO,H ~ GH <dH-con) 
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series were tautomeric. That is to say, they were mutually inter. 
convertible in strong potash solution; a discovery which again 
emphasised the wide chemical differences produced by a slight 
angle alteration, because the keto-acid (I) and the hydroxy-ring 
acid (II) are unaltered by alkali. 

There are, moreover, other points of difference which reveal 
themselves when the experimental data derived from the three 
series (dimethyl, diethyl, and cyclohexane) are compared. For 
example, when the hydrolysis of the dibromo-ester of type V is 
carried out with ethyl] alcoholic potash, the products in the cases of 
the diethyl and cyclohexane series are the same as with aqueous 
potassium hydroxide, whereas in the dimethyl series the sole 
product is the ethoxy-derivative (VIII) and no trace of the keto. 
acid is produced. This remarkable reaction was considered by 
Perkin and Thorpe (T., 1901, 79, 729) to be due to the addition of 
alcohol to the unsaturated compound (IX). It is evident that this 


» CH,  Saronp CH; C-CO.H ory 
(VET) Oa CS b-00,H on <d.co,n 
fundamental difference between the dimethyl and diethyl series 
must rest on the small difference of angle in the two series, and in 
order to study the effect produced by diminishing this difference 
we have carried out a series of comparative experiments in the 
methyl ethyl] series. 
88-Methylethylglutaric acid is readily prepared from methyl 
ethyl ketone by the Guareschimethod. The anhydride dibrominates 
normally, but the dibromo-ester (X) loses ethyl bromide when 
distilled, and passes into the bromo-lactonic ester (XI) (compare 
Beasley, Ingold, and Thorpe, T., 1915, 107, 1080). 


CH p-CHBrC0,Et _. CH, ,~-CH(C0,Et)-0 
X. 3 2 3 2 XI. 
Oe) OS CHBrCO,Et > OH CS CHBr———co = 


The dibromo-acid (XII) was isolated in cis- and trans-forms, both 
of which gave the same hydroxylactonic acid (XIII) with sodium 
carbonate. Like the corresponding lactonic acid in the diethyl 


CH, CHBrC0,H CH, ,-CH(CO,H)-0 
XII. 3>C 2 3 2 XIII.) 
EE) Oe OS CHBr-CO,H C,H. ScH(OH)—60 | 


series, the acid (XIII) is unaltered by strong aqueous caustic alkali, 
and there is thus no tautomerism between the hydroxylactone- 
hydroxy-ring acid and keto-acid such as was shown to be the case 
with Balbiano’s acid (Kon, Stevenson, and Thorpe, T., 1922, 121, 
650). Indeed, the recurrence of such tautomerism was, of course, 
not to be expected, although in this instance the proof of structure 
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was supplied by the formation of a well-defined acetyl derivative 
(XIV). When the dibromo-ester (X) is hydrolysed by means of 
ethyl alcoholic potash, it behaves like the corresponding dibromo- 
ester in the dimethyl series and yields the ethoxy-ring acid (XV). 
The stability of this substance is remarkable, because it is unaltered 
by strong aqueous alkali even on prolonged boiling and is un- 
afiected by concentrated hydrochloric acid. 


CH, n-CH(CO,H)0 CH, n--C(OEt)-CO,H 
XIV. 3 2 3>0 2H xv.) 
pe 0H.” C<Son(ode)—-CO OHA SeH-c0,H 


es of . 
eous (XVI.) CH», c<4 (OMe)-CO,H 
ia C,H; © ~CH-CO,H 


The ethoxy-acid (XV) is partly converted into the ring-acid 
(XXII) with strong hydriodic acid and gives the correct “ ethoxy- 
value ” by the Zeisel method. It is, however, with the correspond- 
ing methoxy-derivative (XVI) that we have been able to carry 
out experiments which have enabled us to co-ordinate the formation 
of these apparently abnormal substances with the other reactions 
of the series and to show that their formation and properties are 
in every way consistent with our general hypothesis. 

This remarkable substance can be isolated in well-defined cis- 
and trans-forms, the trans-modification being converted into the 
cis- through the anhydride of the latter. Both isomerides pass on 
treatment with hydriodic acid into the keto-acid (XVII), which 
can be characterised by the formation of a well-defined quinoxaline 
derivative (with o-phenylenediamine) and by its conversion, on 
distillation, into the anhydride of methylethylsuccinic acid (X VIII) 
(compare Balbiano’s acid, T., 1922, 121, 650). Here then we have 


CH CO-CO,H CH CO--O 
XVIL) s>C 2 3>C (XVIIL) 
CH C(OH)-CO,H 
xx.) “Hs so 2 
cH <OH-00,H 


the mechanism of the change revealed, because it will be noticed 
that the action of hydriodic acid is not a reducing action but merely 
one by which the group O-CH, is converted into OH in the usual 
manner. 

The hydroxy-acid (XIX) is, however, unstable and passes at once 
into the open-chain keto-acid (XVII), which is stable to 64 per 
cent. aqueous potassium hydroxide. These experiments, therefore, 
afford complete confirmation of our contention that the alteration 
of the tetrahedral angle which causes the keto-acid and hydroxy- 
ring acid to be tautomeric in the case of the gem-diethyl compound, 
causes also the hydroxy-ring acid to be the only stable form in the 
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cyclohexane series, and the keto-acid the only stable form in the 
gem-dimethy] series. 

The reasons why the alkyloxy-derivatives are formed at all in 
the instances given are also quite clear, but as these will be dealt 
with fully in a future paper and are bound up with the chemistry of 
the cyclopropene structures to be mentioned there, it is unnecessary 
to give them in this communication. It is sufficient here to mention 
that the isolation of these abnormal alkyloxy-derivatives which 
was carried out twenty-two years ago and which the later work of 
Feist on the cyclopropene acid (XX) rendered still more difficult 
to explain, has now proved to be the key to the whole problem of 
reversible and non-reversible isomerism in this series. Feist’s 


C-CO,H C-CO,H 
XX.) CH.°CH : YH, 2 (XXI.) 
Oey OH ESoon “Boog ' 


acid, and still more recently the acid (X XI) (Farmer and Ingold, 
T., 1921, 119, 2001) did not tend to add on alcohol, because they 
constituted stable glutaconic systems, each containing the necessary 
mobile hydrogen atom. On the other hand, the acids of the £8- 
gem-series cannot contain the hydrogen atom and in consequence 
are incapable of isolation in the unsaturated form, and even when 


the unsaturated bond is removed by addition, the ring remains 
unstable unless the tetrahedral angle has been sufficiently deflected. 
It is scarcely necessary to point out that the addition of alcohol 
leads to a stable alkyloxy-derivative and the addition of water to 
either the keto-acid or hydroxy-ring acid, whichever is the more 
stable, because the presence of the alkyloxy-group does not supply 
the necessary hydrogen atom for ring rupture. 

For the rest, the ring acid (X XIT) occurs in well-defined cis- and 


CH YH-CO,H CH, ,-CH(OH)-CO,H 
XXII.) 3>C t 2 3 >C 2 XXIII.) 
' He <Gn-co.H GH. °ScH(OH)-COLE | 
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trans-forms and shows all the usual reactions of acids of this type. 
As regards stability, they do not undergo fission with mineral acids, 
and are therefore more stable than the caronic acids, which are 
completely decomposed under these conditions into terebic acid 
(compare Perkin and Thorpe, T., 1899, 75, 48). This is, therefore, 
another indication of stability caused by the alteration of the 
tetrahedral angle. 

Again, the lactonic acid (XIII) is evidently the lactonic acid of 
the trans-dihydroxy-acid, because the corresponding cis-dihydroxy- 
acid (X XITT) is stable and gives a characteristic silver salt. 
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Ex PERIMENTAL. 


Methylethylglutaric acid was prepared by the condensation of 
methyl ethyl ketone with ethyl cyanoacetate in the presence of 
alcoholic ammonia (Guareschi’s general method as modified by 
Kon, T., 1921, 119, 818). It was obtained in quite a satisfactory 

ield. 

The anhydride was prepared by boiling the acid with acetic 
anhydride and distilling the product under diminished pressure. 
The anhydride sets to a crystalline mass on cooling and melts 
above 25°. It reacts with aniline in benzene solution in the cold 
to form the anilic acid, which was obtained in a crystalline con- 
dition (compare T., 1911, 99, 440), and when recrystallised from 
a mixture of chloroform and petroleum melted at 105° (Found: 
C=673; H=7'5. C,,H,O,N requires C= 674; H=76 
per cent.). 


Dibromination of BR-Meihylethylglutaric Acid. 

Dibromination was effected by converting the acid or its anhydride 
into the acid chloride and then adding broraine. In the case of 
the acid the following conditions were observed : 

Eighty-seven grams of the acid were mixed with 208 grams of 
phosphorus pentachloride, and the mixture was gently warmed on 
the water-bath until a clear solution was obtained. To this, 67 c.c. 
of dry bromine were added in four instalments, and the mixture was 
heated on the water-bath until free from halogen. After cooling, 
the product was divided; part being poured into anhydrous formic 
acid and part into absolute alcohol. 

trans-a«’-Dibromo-B8-methylethylglutaric Acid (XII).—The formic 
acid solution was gently warmed on the water-bath for two hours 
and then left in a crystallising dish at the ordinary temperature for 
slow evaporation. The first crop of the crystals that separated 
consisted almost exclusively of the trans-isomeride. Drained on 
porous plate, washed with dry benzene, and twice crystallised from 
a mixture of chloroform and light petroleum (b. p. 100—120°), it 
melted sharply and decomposed at 173° (Found: Br = 482. 
C,H,,0,Br. requires Br= 48:1 per cent.). A further quantity 
was isolated by treating the residual semi-solid mass, obtained after 
the formic acid had completely evaporated, with dry benzene. 
The insoluble granular portion was collected by the aid of the pump 
and purified in the same way as the first crop. 

cis-x«’-Dibromo-88-methylethylglutaric Acid.—The  cis-isomeride 
was obtained from the benzene-soluble portion and purified by 
repeated crystallisations alternately from benzene and a mixture of 
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chloroform and light petroleum, The pure acid melts at 146° 
(Found: Br = 480. C,H,,0,Br, requires Br = 48:1 per cent.). 

Ethyl ««’-Dibromo-88-methylethylglutarate (X).—The crude product 
of dibromination poured into absolute alcohol was kept over-night. 
It was then diluted with water and extracted with ether. The 
ethereal solution was thoroughly washed with dilute sodium 
carbonate solution and dried. On evaporating, the crude dibromo-. 
ester was obtained as a pale coloured oil, which could not be dis. 
tilled under diminished pressure without decomposition. From one 
sample a constant-boiling fraction was obtained (194—196°/31 mm.), 
and it proved to be the bromo-lactonic ester of methylethylglutaric 
acid (XI) (Found: Br = 28°5. C,)H,,0,Br requires Br = 286 
per cent.). ‘ 

In the subsequent experiments, we therefore used the crude 
dibromo-ester. Its analysis gave the following result: Found: 
Br = 37°9. C,.H.»0,Br, requires Br = 41°2 per cent. 

Acid Ester—The sodium carbonate washings of the ethereal 
solution of the neutral dibromo-ester contained just traces of the 
acid ester. 

If, however, thionyl chloride be substituted for phosphorus 
pentachloride, a considerable proportion of the acid ester is in- 
variably produced. It does not distil without decomposition. 
That it is mainly a monobromo-acid ester is proved from the 
products obtained on hydrolysing it (p. 121). 


trans-Lactonic Acid of «a'-Dihydroxy-BB-metiyicihylglutaric Acid 
(XIII). 

Twenty grams of the trans-dibromo-acid (XII) were dissolved 
in 200 c.c. of 2N-solution of sodium carbonate, and the solution 
was boiled for two hours. When cold, it was acidified with hydro- 
chloric acid and extracted with ether; the ethereal solution yielding 
a gum on evaporation, which went completely solid after keeping. 
Recrystallised from benzene, it melted at 116° (Found: C = 50°9; 
H = 63. C,H,,0; requires C = 51:0; H = 6°3 per cent.). 

It is moderately soluble in all the usual solvents except ligiit 
petroleum, in which it is practically insoluble. 

The trans-hydroxy-lactonic acid is a remarkably stable compound. 
It was recovered unchanged after treatment with boiling 64 per 
cent. potassium hydroxide solution. Still higher concentrations of 
alkali, however, brought about deep-seated decomposition, oxalic 
acid being the only substance that was identified in the products of 
decomposition. 

The cis-dibromo-acid yielded the same trans-lactonic acid under 
similar conditions of hydrolysis. 
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The silver salt is extremely soluble in water and could not be 
collected in quantity sufficient for analysis. 

The acetyl derivative (XIV) was obtained by boiling the acid with 
a sufficient quantity of acetyl chloride for fifteen minutes. It 
separated from benzene in small needles, melting at 121°. It is 
radily soluble in ether, chloroform, or acetone and moderately 
gluble in benzene (Found: C=52:1; H=5°6. CH 0, 
requires C = 52:1; H = 6°0 per cent.). 


1-Ethoxy-3-methyl-3-ethylcyclopropane-1 : 2-dicarboxylic Acid 
(XV). 

Sixty grams of the dibromo-ester (X) were mixed with an alcoholic 
potassium hydroxide solution containing 60 grams of the hydroxide, 
36 c.c. of water, and 240 c.c. of ethyl alcohol, and boiled under 
reflux for three hours. The solution was then freed from alcohol, 
acidified, and extracted with ether. The syrupy residue obtained 
on evaporation could not be induced to crystallise. However, on 
treatment with ammonium hydroxide solution (d 0°880) a crystalline 
ammonium salt of the ethoxy-acid was isolated, which was further 
purified by dissolving in alcohol and precipitating by the addition 
of dry ether. The purified ammonium salt was dissolved in dilute 
hydrochloric acid and extracted with ether, when the ethereal 
slution deposited crystals of the ethoxy-acid on evaporation. 
Recrystallised from benzene, it melted at 150° [Found: C = 55°0; 
H= 7°5; OEt = 20°3. C,H,,0,(OEt) requires C = 55°5; H = 7°4; 
0Et = 20°8 per cent.]. 

The ethoxy-acid is very stable. It was recovered unchanged 
apart from the production of a little tarry matter) after having been 
boiled for several hours with hydrochloric acid. A treatment with 
strong alkali solution likewise did not effect any change. However, 
gentle heating with 80 per cent. sulphuric acid decomposed it into 
w-methylethylsuccinic acid, melting at 103°, with the evolution 
of carbon monoxide (Found : C = 52°6; H=7°5. Calc.,C = 52°5; 
H = 7°5 per cent.). 

By boiling the ethoxy-acid with hydriodic acid, a gummy mass 
was obtained, from which a small quantity of trans-3-methyl-3- 
ethyleyclopropane-1 : 2-dicarboxylic acid (X XII) was isolated. 


Action of Strong Methyl Alcoholic Potash on Ethyl ««'-Dibromomethyl- 
ethylglutarate : Formation of trans- and cis-1-Methoxy-3-methyl-3- 
ethylcyclopropane-1 :2-dicarboxylic Acid and aa'-Dihydroxy-BB- 
methylethylglutaric Acid. 

To a boiling solution of 202 grams of potassium hydroxide in 

600 c.c. of methyl alcohol were added 129 grams of the neutral 
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dibromo-ester (X) as rapidly as possible, and the heating was 
continued for twenty minutes. After evaporating off the alcohol, 
the residue was dissolved in water, acidified, and extracted with 
ether, and the ethereal solution dried over calcium chloride. 

ac’-Dihydroxy-B-methylethylglutaric Acid (X XIII).—The calcium 
chloride used for drying the ethereal solution was found to have 
changed partly into a calcium salt of an organic acid. The whole of 
the calcium chloride mixed with the organic salt was therefore 
dissolved in dilute hydrochloric acid and extracted with ether. 
The ethereal solution on slow evaporation deposited beautiful, long 
needles of a««’-dihydroxy-8$-methylethylglutaric acid. Recrystal- 
lised from chloroform, it melted at 80° (Found ; C = 46°5; H = 6%, 
C,H,,0, requires C = 46°6; H = 6°7 per cent.). 

The silver salt was prepared in the usual way. It is a crystalline, 
white powder (Found : Ag = 51°6. C,H,,0,Ag, requires Ag = 51-4 
per cent.). 

1-Methoxy-3-methyl-3-ethylcyclopropane-1 : 2-dicarboxylic Acid 
(XVI).—The dried ethereal solution remaining after separation of 
the calcium salts was evaporated, and a gum was obtained which 
completely solidified on keeping. From this, by fractional crystal- 
lisation from chloroform, the cis- and the trans-isomerides of the 
methoxy-acid were separated. The trans-acid, when pure, melts 
at 149° and crystallises well from a mixture of acetone and light 
petroleum. It is less soluble in chloroform than its isomeride 
(Found: C=536; H=6°7. (C,H,,0; requires C = 53‘; 
H = 6°9 per cent.). 

The cis-acid melts at 141°. It is freely soluble in chloroform, 
acetone and ethyl acetate (Found: C = 53°4; H=6°7. C,H,,0; 
requires C = 53°4; H = 6:9 per cent.). 

The Anhydride.—The cis-acid, on boiling with acetyl chloride, is 
readily converted into the anhydride, from which the original acid 
can be regenerated by boiling it with water. The anhydride is a 
colourless, mobile liquid boiling at 144°/7 mm. (Found: C = 58:2; 
H=60. (C,H,.0, requires C = 58°6; H = 6°5 per cent.). 

The trans-acid, when heated with acetic anhydride in a sealed 
tube, is changed into the anhydride of the cis-acid, from which the 
cis-acid can be produced by hydration. 

a-Keto-88-methylethylglutaric Acid (X VII).—This was obtained by 
hydrolysing the methoxy-acid (XVI) with hydriodic acid. A 

mixture of 32 grams of the methoxy-acid and 160 c.c. of hydriodic 
acid (d 1°7) was gently heated on the oil-bath. After the temperature 
had been maintained at 80° for some time, during which period the 
methyl iodide distilled off, it was raised to the boiling point of the 
solution, the whole operation taking one and a half hours. When 
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cold, the solution was treated with just enough sulphurous acid 
to reduce free iodine and was extracted with ether, the ethereal 
solution yielding the fluid keto-acid on evaporation. This could 
not be induced to crystallise. It was, however, characterised by 
the formation of a well-defined quinoxaline derivative, which 
was readily formed when the keto-acid was intimately mixed with 
o-phenylenediamine in acetic acid solution and gently warmed. 
Recrystallised from acetone diluted with water, the quinoxaline 
melted at 216° (Found: C = 646; H= 6-2. C,,H,,0,N, requires 
(= 646; H = 6:1 per cent.). 

The keto-acid, when distilled under diminished pressure, is 
converted into the anhydride of methylethylsuccinic acid (X VII1), 
fom which methylethylsuccinic acid was obtained and identified. 


Hydrolysis of the Monobromo-acid Ester. 


The monobromo-acid ester was obtained as a by-product in the 
experiment of dibromination of the methylethylglutaric acid, and was 
hydrolysed with a strong aqueous solution of potassium hydroxide. 

trans-3-Methyl-3-ethylcyclopropane-1 : 2-dicarboxylic Acid (XXII). 
—A solution containing 60 grams of potassium hydroxide in 50 c.c. 
of water was heated to boiling. Nineteen grams of the mono- 
bromo-acid ester were then cautiously added as rapidly as possible. 
A vigorous reaction ensued which gradually subsided. When cold, 
the whole was dissolved in water and acidified with hydrochloric 
acid, when crystals of the trans-acid separated on cooling. The 
whole of the trans-acid was thus separated by filtration. Re- 
crystallised from ethyl acetate, it melted at 221° (Found: C = 55°6; 
H=68. O,H,,0, requires C = 55°83; H = 6:9 per cent.). 

The silver salt is a white powder (Found : Ag = 55°6. CgH,,0,Ag, 
requires Ag = 55:9 per cent.). 

The dianilide was prepared by heating the acid with excess of 
aniline at 200° for forty-five minutes. The product separated from 
dilute alcohol in light scales melting at 291° (Found: C = 75°0; 
H=7'l. CyjH,.0,N, requires C = 74:5; H = 6°8 per cent.). 

cis-3-Methyl-3-ethylcyclopropane-1 : 2-dicarboxylic Acid. — The 
filtrate from the trans-acid was extracted with ether, the ethereal solu- 
tion yielding a semi-solid mass on evaporation. This was spread ona 
porous tile, drained, and washed with a small quantity of water, 
which caused the cis-acid to become solid. The cis-acid was also 
prepared by heating the trans-acid with acetic anhydride in a sealed 
tube and treating the product with water. It usually melts at 
163-165°, but repeated crystallisation from chloroform finally raises 
its melting point to 180° (with decomposition) (Found: C = 55°5; 
H=6'8. C,H,,0, requires C = 55°38; H = 6:9 per cent.). 
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The anhydride of the cis-acid was prepared by heating the acid 
above its melting point until the evolution of water vapour had 
ceased. It was characterised by conversion into the anilic acid, 
which was obtained by mixing a benzene solution of the anhydride 
with a solution of aniline in the same solvent. Crystals separated 
on agitating the solution with a glass rod. Recrystallised from 
dilute alcohol, it melted and decomposed at 193° (Found : C = 68:4; 
H =6°8. C,,H,,0,N requires C = 68:0; H = 6°8 per cent.). 


We are indebted to the Chemical Society for a grant which has 
partly defrayed the cost of the materials used in the investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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XV.—The Formation and Stability of spiro-Compounds. 
Part X. spiro-Compounds Derived from cyclo- 
Heptane. 


By Joun Wri11AM Baker and CHRISTOPHER KELK INGOLD. 


THE main result of the experiments on ring formation which have 
been carried out in this laboratory during the past eight years has 
been generally to confirm our view as to the manner in which any 
factor which changes the normal angle between two valencies of a 
carbon atom tends as a consequence also to deflect the two remaining 
valencies. Two types of effect have been examined, (a) that which 
depends on the combined volume of two atoms or groups attached 
to the carbon atom (T., 1920, 1417, 305, and subsequent papers), 
and (6) that which depends on the inclusion of two valencies in a 
ring (T., 1915, 107, 1080, and subsequent papers), and the order 
and relative magnitude of these two influences may be illustrated 


by the calculated angles between the two acetic acid residues of 
the following glutaric acids : 


BY, /CHgOOH CH, ATH 0OH CHa /CHy00,H 
n/°\GH-co,H =~” °NGH,-co,H oH,” °\CH,-cO,H 


CH, ‘CH wae,” -CO,H on CBs / Eig" CO,H 
SNE CHa /\one 
H,‘CH, CH, “CO, H CH,°CH, CH,°CO,H 


The point has now been reached in the general investigation at 
which it is necessary more closely to examine individual cases in 
which real or apparent exceptions to the general hypothesis might 
possibly be found, and with this object three series of experiments 
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have been commenced: (a) experiments on the effect of the 
indirect attachment to a carbon atom of groups of considerable 
atomic volume, (6) experiments on the dependence of the influence 
exerted by groups on their electrical character, and (c) experiments 
on the effect of including two valencies of a carbon atom in rings 
containing a large number of atoms. The present paper is a 
contribution to the third of these special investigations. 

The hypothesis originally suggested by Beasley, Ingold, and 
Thorpe, namely, that when two valencies of a carbon atom are 
included in a ring the remaining two dispose themselves in such a 
way as to divide up the space external to the ring as equally as 
possible, leads to the result that an increase in the number of carbon 
atoms composing the ring is accompanied by a continuous decrease 
in the inclination between the external pair of valencies. Thus 
whilst the angles between the valencies binding the acetic acid 
residues to the ring in cyclopentane-1 : 1-diacetic acid is 109°7°, 
and in cyclohexanediacetic acid is 107:2°, in cycloheptanediacetic 
acid the angle is 105°3°, and in cyclooctanediacetic acid it is 103°7°. 
Hence, on the simple theory, a continuous increase in the ease with 
which a second ring can be closed by the elimination of groups 
attached to the acetic acid residues is to be expected as the homo- 
logous series is ascended in the manner indicated. It is important 
to notice, however, that these conclusions are based fundamentally 
on the supposition that the angles between each pair of valencies 
composing the various homocyclic rings are actually the internal 
angles of the corresponding uniplanar regular polygons, namely, 
108°, 120°, 128°6°, and 135°, respectively. The normal angle 
between the carbon-to-carbon valencies of each of the methylene 
groups of which these rings for the most part consist is 115°3° 
(Ingold, T., 1920, 117, 307), and it may reasonably be expected 
that large divergencies from this value will not be maintained if 
there is any means whereby they can be lessened. Now in the 
case of large rings such as cycloheptane and cyclooctane rings a 
means does exist whereby the internal angles of the ring can adjust 
themselves more nearly to the value corresponding with minimal 
strain; namely, by free rotation around the individual bonds 
composing the ring of such a kind as to lead to configurations in 
which the atoms of the ring occupy two or more planes. It is, of 
course, neither necessary nor desirable to assume that any particular 
configuration of this kind would in any sense have a permanent 
character, any more than that the favoured configurations which 
almost certainly exist in saturated open-chain compounds capable 
of executing free rotations about single bonds represent permanent 
configurations of these molecules, especially since at ali temperatures 
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above absolute zero partial or complete relative rotations of the 
type suggested will presumably be one of the kinds of motion 
contributing to the internal energy; nevertheless, on general 


grounds it is only reasonable to suppose that the more the internal § (/!), 
angle of the uniplanar ring diverges from the angle of no strain, § °™ 
the more will that ring, by motion compounded of rotations about hand, 
the individual bonds, tend to pass through multiplanar configura. § °"" 
tions, and the more, therefore, will the effective mean value of the Hell. 
internal angles of the ring fall below the maximal value which § 4°” 
the angle reaches when the ring is uniplanar. Hence, reverting to § "** ‘ 
the original hypothesis of Beasley, Ingold, and Thorpe, it is not to § "™* 
be expected in the case of the cycloheptane ring, and still less in § b 
the case of the cyclooctane ring, that the angle between two valencies acid 
external to the ring is actually as small as the simple calculation § "4 
indicates; indeed it would be unsafe to assume that any continuous ow 
decrease in the external angle takes place on passing from cyclo. CH. 
pentane to cyclooctane ; cycloheptane and cyclooctane might occupy CH, 
anomalous positions resembling cyclopentane rather than cycio- 
hexane so far as concerns the transmission of strain to attached 
groups or rings if the conditions are such that multiplanar con. § *™ 
figurations are predominant. The theoretical problem underlying > 
e 


these considerations is quite insoluble in the absence of more exact 
knowledge of the forces which give rise to favoured configurations 
around single bonds and of the manner of distribution of the energy 
of such motion, and therefore, at the present time, it must be left 
for experiment to decide, qualitatively at least, whether some 
internal condition such as that postulated actually does bring about 
the disappearance of ‘some of the strain which an incautious 
application of the simple hypothesis would indicate to exist. 

The experiments which have been carried out on derivatives of 
cycloheptane-1 : 1-diacetic acid (I) have shown that in the cyclo- 
heptane ring there certainly appears to exist some condition which 


greatly reduces the strain within the ring, and therefore the con- ( 
vergence towards one another of the two acetic acid residues. So tra 
much is this the case that the effect of the cycloheptane ring in wit 
promoting the formation and in enhancing the stability of spirane the 
structures such as the spirocyclopropane acid (II) is not only less ser 
than it might be expected to be, but is actually somewhat less lac 
than that which the cyclohexane ring has been shown to exert. an: 
CH,°CH,°CH, CH,°CO,H H,°CH,°CH, H-CO,H H 
H,-CH,-CH,” C<GH-CO.H H-CH,CH.” os H-CO,H : 
(I.) (II.) 


In many respects, however, the experiments which have been 
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carried out in the cycloheptane series have yielded results closely 
similar to those which Beasley, Ingold, and Thorpe obtained in 
the cyclohexane series. Thus, just as in the cyclohexane series it 
was not found possible to prepare the monobromo-neutral ester 
(I), although in the cyclopentane and gem-dimethyl series the 
corresponding substances can readily be isolated. On the other 
hand, no difficulty was experienced in isolating a monobromo-acid 
ester (IV), which was formed in considerable quantity when the 
Hell- Volhard-Zelinsky bromination product was poured into alcohol. 
A similar substance was obtained in the cyclohexane series, but it 
was @ syrup which could not be purified, and the conclusion that 
it was of the type of compound (IV) had to be based on its behaviour 
o hydrolysis. In the present instance, however, the monobromo- 
acid ester is a well-defined, crystalline solid, so that there can be 
no question as to its composition, although there is no evidence as 
to which of the two carboxyl groups is esterified. Again, just 


CH,’CH,°CH, CHBr-CO,Et CH,-CH,CH,s, CHBr-CO,H 
by-CH,-CH,” C<cu,CO,Et  OH,CH,CH, C< GH, 00, Et 
(III.) (IV.) 
as in the cyclohexane series, the dibromo-neutral ester (V) is unstable, 
since on heating it passes into the bromo-lactone ester (VI) with 

the elimination of ethyl bromide : 


7 CH,°CH,°CH.~ a CHEr:CO, Et 
(V.) j - “<7 C<., 
CH,°CH,-CH,~ © ~CHBr-CO,Et 
H,CH,CH,., 1. ~-CHB:—--CO 
a pai aT ty 
H,-CH,-CH,~ | ~CH(CO,Et)'0 


C 
(VL.) 


The same remarkable tendency to yield a lactone was not observed 
in the neutral dibromo-esters of the gem-dimethyl- and cyclopentane 
series, and it is a clear indication of the enhanced tendency in the 
cyclohexane and cycloheptane series towards the formation of rings 
by the elimination of groups from the two acetic acid residues. 

On hydrolysis of the monobromo-acid ester ([V) with concen- 
trated aqueous alkali at 150°, hydrogen bromide was eliminated 
with the formation of the spiro-acid (II), the yield, 38 per cent. of 
the theoretical, being practically the same as in the cyclohexane 
series. ‘The remainder of the material was converted into the 
lactonic acid (VII), which is similar in every way to its cyclohexane 
analogue. 


CH CHy-CH 4 CH(CO;H)0 — CHyCHyCH,s, ,~CH(OH)—CO 
bH-CH.CH.~ C<cu,——o ¢H,CH,CH, CS CH(COsHyO. 


(VILI.) (VITIT.) 
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Certain remarkable differences between the two series were, 
however, observed during the investigation of the stability of the 
spiro-acid (II) towards mineral acids. It will be recalled that 
caronic acid, the analogue of the acid (II) in the gem-dimethy| 
series, readily undergoes ring-fission, forming terebic acid when 
heated at 200° with 5 per cent. hydrochloric acid, and that the 
cyclopentane analogue is also completely decomposed under the 
same conditions, although an analogue of terebic acid was not 
isolated in this case (Becker and Thorpe, T., 1920, 117, 1579). 
The cyclohexane spiro-acid, on the other hand, is an extremely 
stable substance, which, for example, survives heating with 20 per 
cent. hydrochloric acid at 240° for six hours (Beasley, Ingold, and 
Thorpe, loc. cit.). Now the stability towards hydrochloric acid of 
the cycloheptane spiro-acid lies between that of the cyclohexane 
acid and of the cyclopentane acid, and is definitely less than that of 
the former; for heating at 200° with 5 per cent. acid has no effect 
on the cycloheptane acid, whilst heating for the same length of 
time at 240° with 20 per cent. acid completely decomposes it. As 
in the cyclopentane series, it was not found possible to isolate any 
definite decomposition products, but it was proved in the present 
case that the observed instability is a property of the spirane 
structure, and not of the cycloheptane ring per se; for when cyclo- 
heptane-1 : l-diacetic acid was subjected to similar treatment 
practically no decomposition took place. 

Investigation of the products of hydrolysis of the bromo-lactone 
ester (VI) gave further evidence that the cycloheptane spiro- 
compounds are neither so readily formed nor so generally stable as 
the corresponding cyclohexane derivatives, and that in these respects 
the cycloheptane series appears to occupy a position. between the 
cyclohexane and cyclopentane series. In the cyclohexane series, 
the bromo-lactonic ester (type VI) was obtained in cis- and trans- 
modifications, which, on hydrolysis with 64 per cent. potassium 
hydroxide, gave respectively 40 and 27 per cent. yields of the 
hydroxy-spiro-acid (type IX), together with the unsaturated acid 
(type X) (or its isomeride with the double bond in the ring), and 
the cis- and trans-forms of the hydroxy-lactonic acid (type VIII); 
15 per cent. aqueous sodium hydroxide gave rise generally to the 
same products, although in this case the hydroxy-spiro-acid was 
obtained only from the cis-bromo-lactone. On the other hand, no 
hydroxy-spiro-acid (type IX) was encountered in the cyclopentane 
series, although a small amount of cyclopentylideneacetic acid 
(type. X) and the hydroxy-lactonic acid (type VIII) were recognised 
amongst the products of hydrolysis. In the cycloheptane series, 
however, the hydrolysis of the bromo-lactone ester (VI), either 
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with 64 per cent. aqueous potassium hydroxide, or with 15 per 
cent. sodium hydroxide, yielded the same three products in about 
the same proportions. In each case, about 90 per cent. of the 
product consisted of the hydroxy-lactonic acid (VIII); only 3 per 
cent. of it was accounted for as the hydroxy-spiro-acid (IX), and 
only 7 per cent. as cycloheptylideneacetic acid (X). 


HyCHy CH. C(OH)C0,H CH, CHy CH, won.co.H 
ba on oH C<GH-00, bH..CH, CH. OCH OO 
(IX.) (X.) 


The small yields of the hydroxy-spiro-acid and of the cyclo- 
heptylidene acid are particularly noteworthy, since they show 
that neither the tendency to the formation of the spirocyclopropane 
ring, nor the tendency to the elimination of one of the side chains 
of the substituted gem-diacetic acid, is as great in the cycloheptane 
as it is in the cyclohexane series. 

It should be noted in passing that the side chain eliminated, 
presumably as glyoxylic acid, in the reaction leading to the cyclo- 
heptylidene acid was actually identified in the form of oxalic acid, 
oxidation having occurred at some stage. 

A curious point emerged during the attempts to convert the 
spiro-acid (II), which has all the properties usually associated with 
a trans-configuration, into its cis-isomeride; for the cis-modification 
appears to be too unstable to be capable of existence, excepting, 
possibly, in the form of its anhydride. This point is of interest 
because it indicates that in matters other than those which might 
be supposed to be directly associated with the deflection of the 
tetrahedral angle there is actually a gradation of properties on 
passing from the cyclopentane, through the cyclohexane, to the 
cydoheptane series. For in the cyclopentane series it is only 
necessary to distil the trans-spiro-acid under reduced pressure in 
order to convert it into an anhydride from which the cis-acid can 
readily be obtained; in the cyclohexane series, the trans-acid must 
be boiled for-some time under atmospheric pressure before distill- 
ation; and in the cycloheptane series it is necessary to heat the 
trans-acid with acetic anhydride at 240° in order to convert it into 
an anhydride, which, moreover, on rehydration by means of hot 
water yields only the original trans-acid. 

One of the most striking characteristics of the cycloheptane 
derivatives described in the experimental portion of this paper is 
their remarkable lack of tendency to crystallise. In this respect 
they resemble, and even excel, their cyclopentane analogues. 
Excepting. the spiro-acids (II) and (IX), which are crystalline and 
very similar to the corresponding cyclohexane acids, all the products 
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of hydrolysis described in this paper are liquids, which boil aj 
constant temperatures it is true, but which, even after many 
months, have refused to show the slightest tendency to solidify. 
In view of the fact that cycloheptanediacetic acid cannot be obtained 
in large quantities, this absence of tendency to crystallise has 
proved a serious handicap in the carrying out of the research, but 
in spite of this we feel that, in the reactions described, the materia] 
has been properly accounted for, and that no product of importance 
has been overlooked; hence it would appear that the experiments 
form a satisfactory foundation for the provisional conclusions, given 
on pp. 123, 124, as to the anomalous conditions of strain in the 
cycloheptane ring. 
EXPERIMENTAL, 

The cycloheptanone required for this investigation was prepared 
from castor oil by the following series of processes: castor oil > 
ricinoleic acid —» mixture of suberic and azelaic acids — 
calcium suberate —> cycloheptanone. It was then converted into 
cycloheptane-1:1-diacetic acid by the Guareschi method (Day, 
Kon, and Stevenson, T., 1920, 117, 639). In all, 150 kilos. of 
castor oil were worked up, giving 130 grams of cycloheptanediacetic 
acid. 

A solution of 7 kilos. of commercial sodium hydroxide in 15 litres 
of water was mixed with 35 litres of alcohol (methylated spirit) in 
an enamelled iron pan of 100 litres capacity fitted with a steam 
jacket by means of which the solution was raised to the boiling 
point while 25 kilos. of castor oil were added with constant stirring. 
The mixture was kept at the boiling point for one hour, boiled for 
a further fifteen minutes, diluted to the full capacity of the pau 
with boiling water, transferred to a mixing tub containing 50 litres 
of hot water, and then decomposed with 30 litres of dilute sulphuric 
acid (1:4 by volume). After thorough mixing, the precipitated 
ricinoleic acid was allowed to rise to the surface, separated from 
the aqueous liquid, and then washed three times with 80 litres of 
water. The yield was 21 kilos. 

Since ricinoleic acid rapidly polymerises, it is desirable to proceed 
with the oxidation as soon as possible. The acid was allowed to 
flow in a slow stream into 40 litres of nitric acid (d 1°25), heated 
to the boiling point in an open, enamelled iron, steam-jacketed 
pan provided with an efficient draught hood; and vigorously 
stirred with a stream of compressed air. The reaction, which: was 
started by adding a few c.c. of alcohol, was very vigorous during 
the: first few hours, but further quantities of nitric acid had to be 
added towards the end of the operation. ; Finally, the clear aqueous 
solution was syphoned while still hot from a small residue of oil, 
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ind allowed to crystallise. The crystals, which consisted of a 
mixture of suberic and azelaic acids, were separated centrifugally. 
The mother-liquors on concentration yielded a further quantity, 
the total yield being 5 kilos. 

The separation of the mixed acids was carried out as follows. 
The crude, air-dried product (10 kilos.) was gently boiled with 
3) litres of benzene and 3 litres of absolute ethyl alcohol until 
practically the whole had passed into solution. The liquid was 
then carefully syphoned from a small insoluble residue, and allowed 
tocrystallise; 2°2 kilos. of nearly pure suberic acid (m. p. 130—136°) 
eparated, and the mother-liquor on concentration gave a further 
(7 kilo. (m. p. 126—132°). The final mother-liquor was evaporated 
to dryness, and the residue pressed until free from oil and then 
aystallised from water below 40°. Nearly pure azelaic acid 
separated, and the mother-liquors, on concentration to small bulk, 
yielded a crystalline product (1:8 kilos.) the composition of which 
was almost the same as that of the wighat mixture of acids. This 
was added to the next batch. 

The suberic acid was dissolved in a small excess of ammonia and 
the solution evaporated to dryness with a 20 per cent. excess of 
saked lime. The residue was dried thoroughly in evacuated 
steam-ovens. 

The distillation of the calcium suberate was carried out in a 
secially designed cast-iron still, made in two parts, which were 
fanged and bolted together on an asbestos joint. The diameter 
of the still was 21 inches, whilst its height was only 4 inches. A 
wought-iron delivery tube, which emerged from the centre of the 
till-cover, was connected by a suitable adapter with a Liebig’s 
condenser. An iron tube, by means of which a stream of nitrogen 
could be passed through the apparatus, was also let into the still- 
over. The still was built into a gas-fired furnace. 

The charge of calcium salt (300 grams) was spread in an even 
layer over the bottom of the still, which was then raised to 450—- 
500° while a rapid stream of nitrogen was passed. The distillate 
was separated into an aqueous and an oily layer, and the former 
extracted with ether, the extract being mixed with the oil, and 
then dried. The crude cycloheptanone obtained after distilling 
the ether was purified by fractional distillation under ordinary 
pressure, the fraction having b. p. 174—183° being collected for 
conversion into the diacetic acid. 


Bromination of cycloHeptane-1 : 1-diacetic Acid. 


The acid (10. grams), mixed with phosphorus pentabromide (44 
grams = 4°] mols.), was heated until hydrogen bromide ceased. to be 
VOL, CXXIII. F 
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evolved, and then treated with the requisite quantity of bromin 
(8 grams = 1-1 mols. for monobromination, and 16 grams = 2 
mols. for dibromination), added in small portions at intervals timed 
to correspond with the speed of absorption. The operation was 
completed by heating, and was carried out in direct sunlight when. 
ever there was any. ‘The product was poured into three times its 
volume of ice-cooled alcohol, and the solution, after being heated 
to the boiling point, poured into cold water. The bromo-ester 
were extracted with ether, and separated into neutral and acid 
fractions by means of ether and dilute sodium carbonate in the 
usual way. 

Ethyl Hydrogen «-Bromocycloheptane-1 : 1-diacetate (IV).—This 
substance is obtained in 60 per cent. yield on monobromination 
and in 25 per cent. yield on dibromination. It is obtained in either 
case by acidifying the sodium carbonate extract and re-extracting 
with ether. It crystallises in clusters of colourless needles, which, 
after crystallisation from ligroin, melt at 84—85° (Found: Br = 
24:97. C,,H,,0,Br requires Br = 24°89 per cent.). 

Ethyl «-Bromocycloheptane-1 : 1-diacetate (III).—The neutral 
product of monobromination appeared to consist of this substance 
along with unbrominated cycloheptanediacetic ester, but it was not 
found possible to separate the two by fractional distillation. 

Ethyl ««'-Dibromocycloheptane-1 : 1-diacetate (V).—The neutral 
product of dibromination contained approximately the correct 
amount of bromine for this substance, the constitution of which 
was established by its conversion into the lactone mentioned below. 
Since this change takes place on distillation, it was not possible to 
purify the dibromo-ester by this means. 

Lactone of Ethyl Hydrogen «-Bromo-«'-hydroxycycloheptane-1 : 1- 
diacetate (V1).—On distillation under reduced pressure, the dibromo- 
ester rapidly loses ethyl bromide and is converted into the lactone, 
which distils at 230—234°/20 mm. It is a colourless, exceedingly 
viscous oil, possessing no tendency to crystallise (Found: Br = 
25°32. © 3H ,0,Br requires Br = 25°08 per cent.). 


Hydrolysis of the Monobromo-acid Ester (IV). 


Hydrolysis of the monobromo-acid ester with boiling 64 per cent. 
potassium hydroxide gives a mixture of the spirocyclopropane acid 
(II) and the lactonic acid (VII), but hydrolysis with boiling aqueous 
sodium carbonate leads to the lactonic acid only. — 

trans-cycloHeptanespirocyclopropane-2 : 3-dicarboxylic Acid (Il). 
—A solution of 12 grams of potassium hydroxide in 10 c.c. of water 
was boiled until the temperature of the liquid reached 150°, when 
4 grams of the imonobromo-acid ester were added as rapidly as 
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possible. When the reaction was over, a little water was added to 
redissolve precipitated salts, and the solution was rendered only 
faintly alkaline by the addition of hydrochloric acid, filtered, and 
then strongly acidified with hydrochloric acid at 0°. The crystals 
were collected and crystallised, either from a large volume of water, 
or from a mixture of ether and ligroin, from which small needles, 
m. p. 235°, separated (Found: C = 62°52; H=752; M, by 
titration, = 211°8. C©,,H,,0O, requires C = 62°27; H = 7°55 per 
cent.; M = 212). 

The experiments on the stability of this acid towards 5 per cent. 
hydrochloric acid at 200° and towards 20 per cent. acid at 240° 
have been described in the introduction. As already stated (p. 127), 
the cis-isomeride could not be isolated. 

Lactone of «-Hydroxycycloheptane-1 : 1-diacetic Acid (VII).—This 
substance remained in the aqueous mother-liquor from which the 
spiro-acid was precipitated. Isolated by extraction with ether 
and purified by distillation, it was obtained as an exceedingly 
viscous gum, which boils at 240—245°/30 mm., but which after 
many months has refused to crystallise (Found: C = 62°62; 
H = 7°47. C,,H,,0, requires C = 62°27; H = 7°55 per cent.). 

The same lactone is the sole product which is obtained when the 
bromo-acid ester (7 grams) is boiled for six hours with an aqueous 
solution (175 c.c.) of sodium carbonate (14 grams). It may be 
isolated by extracting the acidified solution with ether and purified 
by distillation as before (Found : C = 62°75; H = 7°39 per cent.). 
The lactone ring is evidently fairly stable, as the substance titrates 
as a monobasic acid in the cold and gives a monosilver salt when 
silver nitrate is added to a neutral solution of the ammonium salt 
(Found: Ag = 33°51. ©C,,H,,O,Ag requires Ag = 33°83 per 
cent.). 

«-Hydroxycycloheptane-1 : 1-diacetic Acid.—This could not be 
isolated in the free state, but its silver salt was obtained by adding 
silver nitrate to a cautiously neutralised solution of the lactonic 
acid in excess of warm sodium hydroxide (Found: Ag = 47°38. 
C,,H,,0;Ag. requires Ag = 48°65 per cent.). 


Hydrolysis of the Bromo-lactone Ester (V1). 

The hydrolysis of this bromo-lactone with boiling 64 per cent. 
potassium hydroxide and with boiling 15 per cent. sodium hydroxide 
yielded the same three products, the hydroxy-lactone (VIII), the 
unsaturated acid (X), and the hydroxy-spiro-acid (IX), in practically 
the same proportions. 

Lactone of «a«’-Dihydroxycycloheptane-1 : 1-diacetic Acid (VIII). 
—This substance constitutes about 90 per cent. of the product of 

F2 
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hydrolysis by either of the two reagents mentioned. The bromo. 
lactone (7 grams) was hydrolysed with a boiling solution of 23 grams 
of potassium hydroxide in 19 c.c. of water just as described on p. 130, 
The solution, having been rendered only faintly alkaline and filtered, 
was acidified with hydrochloric acid, and the precipitated oil 
extracted with ether. The residue obtained on evaporating the 
ether was triturated with successive small quantities of warm water, 
which removed the hydroxy-spiro-acid, and the sparingly soluble 
residue was fractionally distilled under diminished pressure. After 
the cycloheptylidene acid had passed over, the hydroxy-lactone was 
obtained as an exceedingly viscous liquid, b. p. 263—267°/30 mm., 
which has hitherto resisted all attempts to make it crystallise, 
It has a powerful, characteristic odour reminiscent of decaying 
cocoa-nuts (Found: C = 58°43; H = 7:24. C,,H,,0,; requires 
C = 57°88; H = 7:07 per cent.). 

The lactone ring is evidently fairly stable, because the substance 
titrates as a monobasic acid in the cold (Found: M = 227-4. 
Calc., 228), and gives a monosilver salt when silver nitrate is added 
to a neutral solution of its ammonium salt (Found: Ag = 31-0. 
C,,H,,0;Ag requires Ag = 52°2 per cent.). 

aa’-Dihydroxycycloheptane-1 : 1-diacetic Acid.—This acid did not 
appear to be capable of existence in the free state, but its disilver 
salt was obtained by adding silver nitrate to a neutralised solution 
of the lactonic acid in excess of sodium hydroxide (Found: Ag = 
46°84. (C,,H,,0,Ag, requires Ag = 46°94 per cent.). 

cycloHeptylideneacetic Acid (X).—As mentioned above, this 
substance is obtained as a “‘ low ” fraction in the distillation of the 
hydroxy-lactone. In the crude state, it boils at 155—160°/20 mm., 
and, on redistillation, at 158°/20 mm. (compare Wallach, Anvalen, 
1900, 314, 157). It is a colourless, fairly mobile liquid, having a 
characteristic odour. It instantly decolorises cold, alkaline per- 
manganate and absorbs bromine (Found: C = 69°53; H = 8°84. 
Calc., C = 70°08; H=9:15 per cent.). It yields an insoluble 
silver salt (Found: Ag = 40°66. C,H,,0,A4g requires Ag = 41°35 
per cent.), by means of which the acid itself can conveniently be 
purified. The yield of the acid is 7 per cent. of the theoretical. 

aB-Dibromocycloheptaneacetic Acid (?).—Wallach (loc. cit.) men- 
tions that cycloheptylideneacetic acid forms a solid dibromo- 
additive product, but he neither describes it nor even records its 
melting point. We therefore employed the very small quantity of 
material at our disposal in the endeavour to characterise the 
unsaturated acid more completely by means of its dibromo-additive 
product. A solution of the unsaturated acid (0°33 gram) in 1 c.c. 
‘of chloroform was gradually treated with 4°3 c.c. of a chloroform 
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solution containing the correct quantity of bromine. On slow 
evaporation of the chloroform, crystals separated, which were 
drained on porous porcelain and crystallised from a very small 
quantity of chloroform. Colourless crystals, m. p. 124—125°, were 
obtained (Found: Br = 53°16. C,H,,0,Br, requires Br = 50°93 
per cent.). 

cycloHeptanespirocyclopropan-2-ol-2 : 3-dicarboxylic Acid (IX). 
—This acid constitutes 3 per cent. of the product obtained by 
hydrolysis of the bromo-lactone ester, and is contained in the 
aqueous extract produced by triturating with water (p. 132). On 
slow evaporation, the aqueous solution deposits the acid in colourless, 
cubical crystals, which after crystallisation from a mixture of ether 
and ligroin melt at 195° (Found: C = 57°35; H=6°8; M, by 
titration, = 112°3. C,,H,,0; requires C = 57°88; H = 7:06 per 
cent.; M = 112). 

The acid gives no colour with ferric chloride, and does not de- 
colorise alkaline permanganate or bromine dissolved in acetic acid. 

Recognition of Oxalic Acid.—The aqueous solution from which all 
other products of hydrolysis of the bromo-lactone ester had been 
extracted with ether (p. 132) was evaporated to dryness with 
the occasional addition of a little hydrochloric acid. The solid 
residue was ground and extracted with boiling acetone, which on 
evaporation gave a dark residue. This was dissolved in boiling 
water, and the solution decolorised by means of animal charcoal 
and allowed to evaporate at 50°. Colourless crystals of oxalic 
acid separated, which were identified in the usual way. 


We desire to record our thanks to the Royal Society for a grant 
which has defrayed part of the heavy expense incurred in this 
investigation. 
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XVI.—Varying Valency of Platinum with Respect to 
Mercapianic Radicles. 


By Sm Praruitita CHANDRA RAy. 


Tar chloromercaptide (EtS),PtCl, containing tervalent platinum, 
obtained by the interaction of platinic chloride and ethyl mercaptan 
(f., 1919, 115, 872), is also produced from diethyl disulphide under 
similar conditions; during the reaction chlorine is evolved : 


Et-S-S-Et + PtCl, —> (EtS),PtCl. 


134 RAY: VARYING VALENCY OF PLATINUM 


An alternative explanation is that, on account of its greater 
affinity for sulphur, the platinum not only parts with three of its 
chlorine atoms but has its additional latent valencies revived, the 
chloromercaptide being in reality a Ke of quinquevalent 


platinum and a sulphonium saginad, = Ete > Pel. 


The quinque- and the sexa-valency of platinum are established 
by the Pa cee (C,H,)g52,PtCl, and (C,H,)3S3,PtCl,, already 
described (T., 1922, 121, 1283); these are examples of the sul- 
phonium Patera which the author has been investigating during 
the last seven years. Diethyl sulphide also yields with platinic 
chloride two chloromercaptides having the empirical formule 
(Et,S),PtCl, and (Et,S),PtCl,.* The former has been obtained in 
well-defined crystals and has been proved in acetone solution to be 
a non-electrolyte. Cryoscopic molecular weight determination in 
benzene solution also confirms the same conclusion. 


1 : 4-Thiazan, S<Cty > NEL yields with hydrogen chloride the 

2 
expected hydrochloride, C,H,NS,HCl. Davies finds that the 
compound with platinic chloride has the formula, B,HCI,PtC\, 
(T., 1920, 117, 298) and he erroneously regards it as the chloro- 


platinate of the base; had it been so, it should have conformed to 
the formula (B,HCl),,PtCl,. The compound in question is possibly 
a chloromercaptide, having the formula CLPtiS<( 24) >NH, HC, 
in which platinum is sexavalent. 5 

Direct evidence of the variation in the valency of platinum has 
been obtained by the interaction of platinic chloride and the 
following mercaptans or rather their potassium salts, which have 
been found to be more reactive :—(1) 2-thiol-5-thio-4-phenyl- 


4: 5-dihydro-1 : 3 : 4-thiodiazole, 5 hala SH, and ‘(2) dithio- 
ethylene glycol, C,H,(SH),. 


* These can be represented on the basis of Werner’s co-ordination 
theory : 
ea. Et,S ( Et,S Cl 
“IL 
cit ; i 


Rd “Et,S | | Et,S” cl 


or, according to Tschugaeff and Subbotin (Ber., 1910, 48, 1200), 


Et,S Et,S | 
SBE . 18 


Cs PtXo 


Pt. 
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Tervalent Platinum. 


The product of interaction in each case has been found to be a 
well-defined compound, which admits of reproduction under the 
conditions of formation; these have been studied with great care. 
It has already been shown that if to a concentrated aqueous solution 
of the potassium salt of the above thiodiazole a dilute solution of 
chloroplatinic acid is added in a thin stream, a product is obtained 
which consists of a mixture of equal proportions of compounds of 
tervalent and bivalent platinum (T., 1919, 115, 875); by suitably 
adjusting the concentrations of the participants, the compound of 
tervalent platinum has now been isolated in a state of purity. By 
slightly modifying the process, the corresponding chloromercaptide 
has also been obtained. 


Ter-, Quadri-, Quinque-, Sexa-, and Octa-valent Platinum. 


The mercaptan most suitable to the preparation of this series is 
dithioethylene glycol; although it is a dithiol, only one atom of 
hydrogen of the thiol groups is replaceable by potassium. The 
substitution of an atom of potassium seems to exercise a sort of 
inhibitory influence on the second hydrogen atom of the thiol group 
—in fact, the latter becomes so inert as not to be assailable by the 
chlorine atoms of platinic chloride. Even chloropicrin, which is a 
very reactive agent, yields with the mercaptide only the compound 
((SH-C,H,-S),C},0 (T., 1919, 145, 1308). 

In the present instance, the reaction takes place as follows :— 
wSH-C,H,SK + PtCl, —> Pt(S-C,H,SH)z, where x = 3, 4, 5, 6, 
or 8. By using solutions of the reagents of definite strengths and 
regulating the temperature of the reaction, compounds have been 
obtained in which platinum functions as ter-, quadri-, quinque-, 
sexa-, and octa-valent, respectively. or instance, at the tempera- 
ture of the laboratory (25—30°) sexavalent platinum compounds 
have generally been obtained; but by suitably varying the con- 
centrations of the parent solutions, quinquevalent compounds 
have been secured at this temperature. If, however, instead of 
changing the strength of the above solutions, the temperature of 
the solution of the potassium salt be reduced to 5—15° (the platinic 
chloride ‘solution being kept between 25—30°), only octavalent 
compounds will be produced; similarly, by regulating the range 
of temperature between 60° and 65°, quinquevalent compounds are 
formed ; at about 80°, quadrivalent ones are obtained, whereas at 
about 100° the product is uniformly tervalent. At intermediate 
temperatures mixtures are formed. These reactions have been 
repeated in almost all cases two to three dozen times under the 
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above conditions, with identical results. In fact, it has been wel] 
established that the particular valency which platinum will assume 
is a function of either of the two variables, concentration and 
temperature. 

This result might well have been expected from a consideration 
of the kinetic theory of molecules. As increase of temperature has 
the effect of increasing the mobility of the molecules, the platinum 
atom is not placed in a favourable position to attract its full quotum 
of mercaptanic radicles. Conversely, if the temperature of the 
solution is lowered, the molecular velocity will diminish and con. 
sequently the platinum atom will be in a position to develop its maxi- 
mal group valency. It is also a well-known fact that increase of 
temperature tends to dissociate complex or heavier molecules into 
simpler ones, and the particular instance here in the case of com- 
pounds of platinum, the complexity of which diminishes with 
increasing temperature, falls within the scope of this general 
observation. In other words, the higher the temperature of 
reaction the lower the valency of platinum. 

The place of platinum in the periodic table would naturally lead 
us to expect that, like iridium, it should behave as tervalent and, 
like osmium, as quadri-, sexa-, and octa-valent. Ruff and Tschirch 
have shown that the formation of the fluorides, OsF,, OsF',, OsF,, 
depends on the temperature, the rate of flow of the fluorine current, 
and the particular physical condition of the osmium (Ber., 1913, 
46, 929), and this fact is fairly well borne out in the case of the 
platinum derivatives which form the subject of the present 
communication. 

It is not easy to give equations of the reactions involved in the 
formation of the above compounds and to account for the vari- 
ation in the valency of platinum. The interaction of diethy] disul- 
phide (Et,S,) and chloroplatinic acid results in the formation of 
the compound (EtS),PtCl with evolution of chlorine. As diethyl 
disulphide itself results from the oxidation of ethyl mercaptan, the 
liberated chlorine cannot further act on the former and hence 
the presence of any impurity in the shape of oxidation product 
in this chloromercaptide is precluded. Platinum is evidently 
tervalent in this compound. When, again, chloroplatinic acid acts 
on potassium thiazole, the platinum parts with all the chlorine 
atoms, but contrary to expectation a derivative is obtained in 
which the metal functions as tervalent. Of course by doubling the 
formula the metal may be represented as quadrivalent; when, 
however, it is borne in mind that the chlorides of iron and iridium, 
the analogues of platinum in the transitional group, have the 
simpler formule FeCl, and IrClj, respectively, it is scarcely likely 
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that the platinum mercaptide should have a more complex formula. 
Similar arguments would support the formula (SH°C,H,’°S),Pt 
for the dithioethylene glycol derivative. The formation of 
quadrivalent platinum mercaptide may naturally be expected; 
it is not easy to account for the existence of quinque-, sexa-, and 
octa-valent mercaptides. From considerations of the physical 
properties of chloroplatinic acid, for example, ionisation, absorption 
spectrum, and heat of neutralisation, the formula H,PtCl, is 
assigned to it. As a working hypothesis, the formation of the 
above compounds may be explained according to the following 
equations, although objection may be raised that no direct proof of 
the evolution of hydrogen is available : 


10SH-C,H,-SK + 2H,PtCl, = 2Pt(S-C,H,-SH), + 

10KCl+ 2HC1-+H,. . (1) 

6SH-C,H,-SK +- H,PtCl, = Pt(S:C,H,-SH), + 6KCI+H, . (2) 
6SH-C,H, SK + 2SH-C,H,-S[H] + H,PtCl, = 

Pt(S:C,H, SH), + 6KC1+ 2H, . . (3) 


In the last reaction, the two molecules of free mercaptan are 
produced by the hydrolysis of two molecules of potassium mer- 
captide, the motive of the reaction being the affinity of the sulphur 
atom of the univalent radicle SH-C,H,°S: for platinum, and hence 
in the formation of the octavalent compound the hydrogen atom 
shown in brackets is displaced so as to enable the sulphur atom 
to enter into direct relationship with the metal, and satisfy its 
maximum valency. It is well known that certain radicles, simple 
or compound, enable certain elements to develop their maximum 
latent valencies. Thus sulphur, which in regard to chlorine is 
either bi- or quadri-valent, behaves as sexavalent when combining 
with fluorine or iodine ; platinum in respect to the radicle SH-C,H,'S- 
thus has varying valencies depending on the temperature and 
concentration of the latter. 

On the other hand, it might be urged that chloroplatinic acid 
would act as if it had the formula PtCl,,2HCl; there is then the 
possibility of chlorine being liberated, in some instances at any 
tate, which would oxidise a portion of the dithioethylene glycol 
to (C,H,S,)z; the latter, being insoluble in ordinary solvents, might 
be expected to contaminate some of the products. The presence of 
this oxidation product is, however, highly improbable. Let it be 
supposed that the reaction is only quantitative in the case of 
quadrivalent platinum and that the other products are merely 
mixtures. These, according to the results of the actual experiments, 
should be represented as re 
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Pt(S:C,HySH), +2; Pt(S:C,HySH), + 2x; Pt(S-C,H,-SH), + 4x: 


In other words, the amount of the impurity occurs in exact multipk 


proportions of the molecule C,H,S,. In mixtures, however, on Tr 
would expect the impurity to occur in indefinite proportions. inter: 
Another equally untenable position to which the above sup. ((,H 
position would lead is that the lower the temperature of the § hex 
reaction the larger the amount of the oxidation product, the 
maximum oxidation taking place at 5—15° and the minimum at | 
100°, that is, at the temperature yielding the tervalent platinum Di 
compound. The presence of any accidental foreign substance § slut 
thus seems to be out of question. Indeed the octadic character of § ath 
platinum, far from being an anomaly, is to be welcomed as justifying § 2” © 
its place in group viii of the periodic system. mn 
rea. 
EXPERIMENTAL. is a 
Tervalent Platinum. of t 
Thiodiazole and Platinic Chloride—To 0-5652 gram of the potass. Fo 
ium salt, dissolved in 10 c.c. of water, were added with stirring se 
2 c.c. of chloroplatinic acid (1 c.c = 0-0301 Pt). The flocculent, a 
orange precipitate obtained was washed with water, dried in a ohh 


vacuum desiccator, powdered, and treated successively with hot 
alcohol and benzene (T., 1919, 115, 876) to extract the impuri- 
ties (Found: Pt = 22-62; S = 31-88. C,,H,;N,S,Pt requires 
Pt = 22-59; S = 33-03 per cent.). If, however, dilute solutions 
of the reactants be used, a chloromercaptide will be formed (see 
under quinquevalent platinum). 

Dithioethylene Glycol and Platinic Chloride——The modus operandi 
is the same as described under sexavalent platinum, the temper- 


ature of the mercaptide solution being, in this, case, about 4 
100° (Found: Pt = 41-05; S= 3966; C=15-24; H = 3-31. 
CgH,;S,Pt requires Pt = 41-13; S = 40-51; C = 15-13; H = 3-15 ha 
per cent.). 1 
Quadrivalent Platinum. 
Dithioethylene Glycol and Platinic Chloride—The quadrivalent i" 
compound of platinum produced by the interaction of dithioethylene 
glycol and platinic chloride has already been described (loc. cit., of 
p. 876); but in the present instance the potassium derivative of te 
the mercaptan was employed. By using it in the same e 
concentration as in the cases of ter-, quinque-, sexa-, and octa-valent b 
derivatives, but increasing the temperature to 80°, the desired . 
* Analysis cannot discriminate between SH-C,H,’S and C,H,S,, the differ- 


ence being only one atom of hydrogen. 
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compound was obtained (Found: Pt = 34:34; S = 45-68; 
(C= 16-57; H = 3-33. C,H S,Pt requires Pt = 34:39; S = 45-14; 
(= 16:93; H = 3-54 per cent.). 

Triethylene Trisulphide and Platinic Chloride—The product of 
interaction is a crystalline compound conforming to the formula 
(C,H,)S3,PtCl,, in which platinum behaves either as tetrad or 
hexad (see above). 


» t ' 
m : Quinquevalent Platinum. 
inum Diethyl Disulphide and Platinic Chloride——When an alcoholic 


solution of the components is heated under reflux on the water- 
bath for three to four hours, the solution gradually becomes turbid, 
an orange precipitate forms, and chlorine is continuously evolved. 
The compound has the empirical formula (C,H;°S),PtCl, but in 
reality it is a pentad derivative of the metal. The same compound 
is also formed in the cold when a concentrated alcoholic solution 
of the parent substances is set aside for twenty-four hours or more 
(Found: Pt= 54:51; Cl=995; S=1811. Pt(C,H,°S),Cl 
requires Pt = 55:02; Cl = 10-09; S = 18-19 per cent.]. 

It is, in fact, the same compound which has already been 
described as formed by the interaction of ethyl mercaptan and 
chloroplatinic acid. If instead of this simple mercaptan one with 
a complex radicle, for example, thiodiazole, be used, a corresponding 
chloromercaptide will be obtained. 

Thiodiazole and Platinic Chloride—To 4 c.c. of diluted chloro- 
platinic acid (= 0-0400 gram Pt) were added drop by drop with 
constant stirring 7:5 c.c. of a dilute solution of the potassium salt 
(=0-1058 gram). The precipitate was washed with water, dried 
in a vacuum, and treated successively with alcohol and benzene 
(Found: Pt=2819; Cl= 4-86. C,gH, N,CIS,Pt requires 
Pt = 28-86; Cl = 5-00 per cent.). 

Triethylene Trisulphide and Platinic Chloride—The trisulphide 
has also been shown to yield another compound with platinic 
chloride which has the formula (C,H,),S,,PtCl,, one atom of sulphur 
being detached from the trisulphide during reaction. The platinum 
here may be regarded as ter- or quinque-valent. 

Dithioethylene Glycol and Platinic Chloride—To 0-4330 gram 
of the potassium salt, dissolved in 8-4 c.c. of water at the ordinary 
temperature (25—30°), were added with vigorous shaking 23 c.c. 
of platinic chloride solution (1 c.c = 0-0067 gram Pt). The light 
brown precipitate was treated as described under sexavalent 
platinum. The same compound was obtained when the experiment 
was conducted under the same conditions as given below under 


sexavalent platinum, the only variation being that the temperature 
F* 2 
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was kept between 60—65° (Found: Pt = 29-78; S = 48-0]. 
C = 18-46; H = 4-54. C, )H,;Sj9Pt requires Pt = 29-54; S=48-50. 
C = 18:13; H = 3-78 per cent.). 


Sexavalent Platinum. 


As the mercaptide, C,H,(SH)(SK),* is the parent substance from 
which most of the derivatives of platinum have been obtained, and 
as it has not been described before, its preparation is given her 
in detail. A large excess of concentrated alcoholic potash is added 
to dithioethylene glycol. The mixture, which solidifies when 
stirred, is rapidly filtered with suction, and the solid washed with 
alcohol. Care should be taken to limit the quantity of alcohol 
used, for the potassium salt is appreciably soluble in that menstruum. 
The solution remains clear only for about half an hour and then 
begins to turn turbid owing to aérial oxidation and the formation 
of the disulphide, C,H,S,. 

Dithioethylene Glycol and Platinic Chloride-—The hexad deriv- 
ative is the one which was almost invariably formed when about 
12 c.c. of platinic chloride solution (1 c.c. = 0-0260 gram Pt) were 
added to 0-5500 gram of the potassium salt of dithioethylene glycol, 
dissolved in 15 c.c. of water at temperatures between 25—30°. The 
platinum chloride solution was introduced in a thin stream into the 
vigorously agitated liquid and the operation was finished in 
less than five minutes. The granular, light-brown precipitate was 
vigorously shaken, and a large volume of water added to the 
mixture to preclude the possibility of the formation of potassium 
chloroplatinate. It was washed first with water, then with alcohol, 
and finally with ether, and dried in a vacuum over sulphuric 
acid (Found: Pt = 26:00; S=5140; C=18-94; H = 3-40. 
CisH39S,oPt requires Pt = 26:09; S = 50-85; C = 19-07; H=3-97 
per cent.). 

Diethyl Sulphide and Platinic Chloride.—A concentrated alcoholic 
solution of the above two components was set aside for two to three 
days. The crystalline products which were obtained were dissolved 
in boiling alcohol. The crop which was deposited on cooling con- 
formed to the formula (Et,S),PtCl, and had the m. p. 198°. On 
concentration of the mother-liquor, the product of the formula 
(Et,S),PtCl,, m. p. 77°, was obtained t (Found: Pt = 44-01; 
Cl = 16-05. Calc. for C,H, Cl,S,Pt, Pt = 43-97; Cl = 15-85 per 
cent.). 


* Analysis of the potassium salt. Found: K = 29-99. C,H,S,K requires 
K = 29-55 per cent. 

+t Both these compounds have already been described, but the method of 
formation was quite different (Jahresber., 1888, I, 1419; Tschugaeff, Joc. cit.). 
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Octavalent Platinum. 


Dithioethylene Glycol and Platinic Chloride—The conditions of the 
experiment were almost the same as described under sexavalent 
platinum, the only difference being that the temperature was kept 
at 5—15° (Found: Pt = 21-00; S = 54-79; C = 19:97; H = 3-89. 
CigHroSight requires Pt = 20-94; S = 54-41; C = 20-36; H=4-25 
per cent.). 

The absence of chlorine was proved in all these compounds. 

Diethyl Sulphide and Platinic Chloride——The preparation of the 
compound (Et,8),PtCl, has been described under sexavalent 
platinum [Found : Pt = 37-64; Cl = 27-20; M, by the cryoscopic 
method (in benzene), = 540. C,H, Cl,S,Pt requires Pt = 37-96; 
(] = 27-36 per cent.; M = 519.] 

CHEMICAL LABORATORY, 


CoLLEGE OF SCIENCE, 
UNIVERSITY OF CALCUTTA. [Received, April 3rd, 1922.] 


XVII.—Phenylirimethylammonium Perhaloids. 


By Hamitton McComsiz and Tuomas Harotp Reape. 


Ir has been known for a long time that both organic and inorganic 
haloids combine with one or more molecules of free halogen to give 
crystalline substances termed perhaloids, of which KI,, NMe,I,, 
NMe,ICl, are, typical examples. Comparatively little, however, 
seems to be known about the chemical structure or the reactions 
of these substances. The purpose of many investigations in the 
past would seem to have been directed principally towards estab- 
lishing whether there exists an upper limit to the combining power 
of the atoms forming such complexes, in order to test the validity 
of this or that hypothesis concerning residual valence, partial 
valence, or the contra-valence of the atoms concerned. 

This communication describes experiments carried out with 
phenyltrimethylammonium haloids in order to establish the 
following points : 

(a) To which atom in a quaternary ammonium salt the capacity 
for the addition of free halogen is due. 

(b) To what extent and under what conditions interconversion 
of periodides, perbromides, chloro-iodides, and bromo-iodides is 
possible. 

(c) Whether isomeric perhaloids can be prepared containing the 
same atoms differently arranged, or 
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(2d) Whether from a given set of halogen atoms one favoured 
arrangement of such atoms always exists. 

(e) Whether any trustworthy means of degradation of a perhaloid 
could be devised in order that the structural arrangement of its 
atoms could be deduced.* 

In an investigation of perbromides derived from aromatic nitro. 
genous bases, de Vries (Annalen, 1905, 343, 128) concluded that, 
since nitrogen-free compounds such as the haloid salts of oximes 
and oxonium bases also give perhaloids, which he considered 
analogous to the perhaloids of quaternary ammonium salts and 
of the hydrobromides of primary, secondary, and tertiary amines, 
‘the affinity which unites the added halogen atoms to the molecule 
is not dependent on the nitrogen atom but on the halogen atom 
which is united to the nitrogen. As the validity of this reasoning 
depends on the similarity in chemical properties between the 
perhaloids of oxonium bases and those of quaternary ammonium 
salts, the authors felt that this assumption of de Vries should be 
placed on firmer ground. Non-halogen salts of a quaternary 
ammonium base, that is, phenyltrimethylammonium nitrate and 
sulphate, were treated with chlorine, bromine, and iodine, but in 
no case have nitrates or sulphates with added halogen been 
obtained. Very small quantities of QmBr,,t QmI;, QmI;, together 
with much unchanged nitrate or sulphate, were obtained in each 
case. These experiments confirmed the view that the necessary 
condition for obtaining perhaloids is that a halogen atom shall 
be present as a salt-forming element in the original quaternary 
ammonium salt, that the affinity which holds the added halogens 
emanates from the N-halogen atom, but not in an indefinite way 
from the molecule as a whole nor from the nitrogen atom. 

It is interesting to notice that, at one time, Masson and Kirk- 
land (T., 1889, 55, 132) believed that they had evidence of the 


* In connexion with the perhaloids the following terms are employed in 
this communication : 

1. N-Halogen, by which is meant the halogen atom in a perhaloid which 
is united directly to the nitrogen atom of the base. 

2. Added-halogens, which are those halogen atoms in a perhaloid (intimately 
associated with the N-halogen) which are most easily detached from the 
molecule. This term does not refer to the method of formation; for example, 
by treatment of quaternary ammonium iodides with chlorine, derivatives of 
the quaternary ammonium chloride are obtained: R,NI + Cl, = R,NCI,ICI. 
In the perhaloid so obtained, the added halogens are considered to be ICI— 
not chlorine—and in the same way chlorine and not iodine would be con- 
sidered the N-halogen. 

8. Parent quaternary salt, which is the salt resulting from a perhaloid by 
the elimination of the added halogens. 

t Qm = NPhMe,—. 
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formation of perhaloids of phosphonium compounds derived from 
tetraethylphosphonium sulphate, for example, (PEt,),SO,Br.. and 
(PEt,),SO,Br,,._ These authors, however, found that after crystal- 
lisation from alcohol these compounds were free from sulphate. 

De Vries regarded perhaloids as molecular compounds which, 
being unstable, easily break down into relatively stable, simpler 
compounds, but the term seems misleading as applied to quaternary 
ammonium perhaloids, for most of these possess considerable 
stability, definite crystalline form, definite melting point, and can 
be recrystallised from such a solvent as glacial acetic acid. Em- 
phasis is laid on this point because the so-called instability of 
quaternary ammonium perhaloids has been much exaggerated in 
the past. It will be shown later that such perhaloids in the finely 
powdered, solid state have dissociation pressures at temperatures 
below 94° which, in most cases, are actually lower than those of 
the parent quaternary ammonium salts. 

To obtain information on points (5), (c), (d), and (e), the quaternary 
ammonium chloride, bromide, or iodide in glacial acetic acid solu- 
tion was treated with halogen. The perhaloid thus obtained could 
then be treated further with halogen, but it soon became evident 
that the same compounds were being obtained by different methods 
of preparation and that the constitutions of the compounds could 
not be deduced from their methods of formation, but would have 
to be elucidated by the nature of the degradation products. 

The first method of degradation consisted in the use of ethyl 
malonate, which was found to be a very gentle and convenient 
method of removing halogens. An example of its use is furnished 
by the degradation of NPhMe,CI,ICI,, which on treatment with 
ethyl malonate yields NPhMe,Cl, ICI. 

As a more vigorous means of withdrawing halogens, acetone 
(dry) at temperatures from 18° to its boiling point was found to 
be particularly useful.* On treatment with acetone, these per- 
haloids (except those containing the group I, or I,) lose their added 
halogens and the parent quaternary ammonium salt is precipitated, 
for example, QmCI,IC] with acetone gave QmCl; QmCl,ICl, gave 
QmCl; QmBr, [Br gave QmBr; QmBr,Br, gave QmBr; QmBr,Cl, 
gave QmBr; and QmBr,ICl gave QmBr. Periodides of the types 
QmI,I, and QmI,I,, as also bromodi-iodides, QmBr,I,, are not, 

* Comparative experiments were carried out at temperatures from 18° 
to the boiling point of acetone and during periods of time varying from fifteen 
minutes to sixty hours. In every case identical products were obtained in 
the same reaction. As is to be expected, the velocity of the reaction is 
affected by the temperature. On account of their different velocities the 


reactions with the individual perhaloids were carried out at different temper- 
atures in order that they might be completed within a single day. 
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however, attacked appreciably by acetone under these conditions, 
From the fact that the acetone treatment of different perhaloids may 
give rise to the elimination of chlorine alone, bromine alone, iodine 
and chlorine, or iodine and bromine the likelihood that acetone 
may exercise too marked a preferential affinity for one halogen 
rather than another issmall. This acetone treatment, first employed 
by de Vries and by Hantzsch for the degradation of perbromides 
and extended by the authors to mixed perhaloids in general, is 
probably the most trustworthy method for ascertaining the con. 
stitution of the parent quaternary ammonium salt. It has the 
great advantage over all methods using water or other hydroxylic 
solvents that secondary changes are eliminated. 

After degradation had indicated the nature of the pareént 
quaternary salt and of the added halogens, a synthesis from these 
was attempted either in acetic, hydrobromic, or hydrochloric acid 
solution, and in every case the identity between the synthetic 
product and the original perhaloid was complete. 

In Table I are summarised the methods of formation of the 
different perhaloids, their degradation products, products of 
chlorination, etc. 

It is to be noticed that the capacity for the direct addition of 
halogens by the quaternary ammonium salts (without interchange 
of reacting elements) is greatest in the case of the quaternary 
ammonium bromide. This is shown in Table II. Whereas the 
iodide gives rise to only one type of perhaloid, that is, the per- 
iodides, and the chloride only to the chloro-iodochlorides, it is 
seen that the bromide gives rise to five distinct types, of which 
QmBr,Cl, is the least stable. The most interesting of these types 
is QmBr,ICl, which contains three atoms of different halogens 
united together. Its constitution follows from its degradation by 
the acetone treatment into the quaternary ammonium bromide. 
Many attempts were made to prepare the isomeric substance 
QmCl,[Br, but without success. When the chloride was treated 
with iodine monobromide, QmCl,ICl and QmBr,IBr resulted. It 
appears as if the arrangement Qm(CI,IBr is essentially unstable. 


Replacement of Halogen Atoms in Perhaloids. 


From a study of Table I it is seen that by the action of a halogen 
on a perhaloid or on a quaternary ammonium salt, an exchange of 
the N-halogen or of the added halogen frequently takes place. 
The following generalisations have been observed with regard to 
these replacements : 

1. Chlorine invariably replaces the N-halogen in the quaternary 
ammonium iodide or in periodides. It also replaces the N-bromine 
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in derivatives of the quaternary ammonium bromide only when 
iodine is also present in the solution. The chlorine of iodine mono. 
chloride replaces the N-bromine of QmBr only when at least two 
atomic proportions of Cl (as ICI) are present. Chlorine replaces 
the added halogens in QmBr,Br, giving QmBr,Cl,. 

2. Bromine causes replacement of the N-halogen in the quaternary 
ammonium iodide and in periodides. Bromine replaces, to a very 
small extent, the N-halogen in the quaternary ammonium chloride, 
yielding perbromides. Bromine does not react with derivatives 
of the quaternary ammonium chloride such as QmCI,ICl, and 
QmCl, ICI. 

3. Iodine was found to replace N-halogens in only one case, 
and then only to a small extent, that is, QmCl, treated with excess 
of iodine, gave a small quantity of the periodide. Iodine was 
found frequently to combine with the added halogens, forming 
iodine monochloride or monobromide (2 mols.); one molecule 
combined with the quaternary ammonium salt, forming a mixed 
perhaloid, so that the final result appeared as though one atom 
of added halogen had been replaced by iodine : QmBr,Br, + I, = 
QmBr,IBr + IBr. 

The validity of these generalisations is exemplified by the 
following experiments : 

(2) A hot solution of QmCI,IC], and Qm(CI,ICI in glacial acetic 
acid was treated with bromine. The crystals which separated on 
cooling were found to be identical with the unchanged substance. 
This result supports generalisation 1, for if a perbromide were A 
formed momentarily, being in presence of chiorine and iodine } sub: 
monochloride, it must reform immediately QmCI,IC] and QmC1,ICI,. by: 

(6) One molecular proportion of iodine trichloride was dissolved } alo 
in glacial acetic acid and heated at 40° so as to become dissociated } mo 
largely into chlorine and iodine monochloride. One molecular } hac 
proportion of phenyltrimethylammonium bromide, also dissolved } suc 
in glacial acetic acid, was added to the solution, when crystallisation | mi: 
began in less than a minute, the product being QmC1,ICI and not | int 
QmBr,ICl or QmBr,Cl,. 

(c) Acetic acid solutions of varying amounts of iodine mono- ] at 
chloride, carefully purified by distillation so as to be free from } int 
the trichloride, were added to acetic acid solutions of phenyltri- | 
methylammonium bromide. When one molecular proportion of | an 


iodine monochloride was used, the product was found to be QmBr, IC, mi 
but when two or more molecular proportions were used, the product tit 
was invariably QmCI,ICI. In the latter case, the product was W. 
found to be the same irrespective of whether the bromide solution th 


was added to the iodine monochloride or vice versa, provided at least tl 
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two molecular proportions of the monochloride were present before 
. the mixed solutions were cooled and had begun to crystallise. 
As perhaloids are in general much less soluble in acetic acid than 
[the parent quaternary ammonium salts, it was considered likely that 
low solubility might be the determining factor in deciding which 
‘compound would result, but investigation showed that such is 
y Bnot a factor of the first order of importance in deciding the course 
of the reactions. This fact, taken in conjunction with the absence 
of isomeric forms, suggests that the course of the reaction depends 
entirely on the inherent stability of certain arrangements or 
groupings of halogen atoms. 

The stability of the perhaloids has been studied from another 
xcess f point of view, namely, that of the dissociation pressure of the finely 

was f powdered solid under the influence of rise in temperature. The 
ming § values obtained are given in the experimental portion. In spite — 
ecule ff of a few slight discrepancies, the order of these dissociation pressures 
‘ixed Jf for the perhaloids is surprisingly small, being less than those of the 
tom | quaternary ammonium salts themselves up to temperatures of 
[,= J about 90°. Above this temperature, rapid decomposition takes 
place. This result, although unexpected, is not altogether without 
the J a parallel, for somewhat similar behaviour is noticeable in the case 
of corresponding oxygen compounds, for example, the relative 
etic | stability of chlorates and hypochlorites. 


| on 
nce. EXPERIMENTAL. 
vere Analysis has been found necessary only where either a new 


line | substance has been encountered or the identification of a compound 
Cls. | by means of (a) appearance and crystalline form, (b) melting point, 
ved ff alone or in admixture, has been inconclusive. In general, much 
ted | more reliance can be placed on these two simple methods than 
lar J had been anticipated, although it will be appreciated that with 
ed 7 such reactive substances as perhaloids the melting point of a 
on | mixture did not always give definite results owing to mutual 


ot | interaction. 
Analysis.—The halogen estimations were all done in sealed tubes 


0- | at 240°. The mixed silver haloids were weighed and then converted 
m | into silver chloride by heating in a stream of chlorine at 200°. 
1 Methods of Degradation.—(a) By means of Ethyl Malonate. As 


of | an example of this method, the degradation of NPhMe,Cl,ICl, 
l, | may be described. The perhaloid was dissolved in about ten 
t times its weight of ethyl malonate and warmed quickly to 40°, 
8 when evolution of hydrogen chloride began. The solution was 
a then transferred to a desiccator and the latter evacuated. On 
t the addition of ether to the solution the lower perhaloid was 
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precipitated in a pure condition, the yield being 97 per cent. of 
the theoretical. (b) By means of Acetone. For this method, 
absolutely dry acetone must be used. The best temperatures 
were found to be between 18° and the boiling point, and at the 
end of the reaction the quaternary ammonium salt usually crystal. 
lised from the reaction mixture or was precipitated by the addition 
of dry ether. 

Action of Halogens on Phenyltrimethylammonium Iodide.— 
Chlorine in glacial acetic acid at 20—80° gave a mixture of 
NPhMe,C1,ICI, (2 mols.) and NPhMe,CI1,ICI (1 mol.). Bromine at 
80° in glacial acetic acid yielded NPhMe,Br,IBr, whilst iodine at 
80° yielded the di-, tetra-, and hexa-iodides. Iodine monochloride 
at 100° in glacial acetic acid gave NPhMe,I,I, (60 per cent. yield). 

Phenylirimethylammonium Bromide, NPhMe,Br.—This was pre- 
‘ pared by a modification of the method employed by Vorlander 
and Siebert (Ber., 1919, 52, 284) and by Tapel and Brendler (Ber,, 
1898, 31, 1349). Fifty grams of NPhMe,Br,Br,, prepared from the 
sulphate by the addition of bromine, were dissolved in 150 c.c. of 
dry acetone and shaken. After five minutes, the solution became 
colourless and precipitation of the quaternary bromide took place. 
This was recrystallised from a mixture of dry alcohol and dry 
ether. The yield was 32 grams. 

With chlorine at 60° in glacial acetic acid, the quaternary am- 
monium bromide gave NPhMe,Br,Cl, (Found : C = 37°7; H = 50; 
Br = 27'8; Cl = 24:1. C,H,,NCI,Br requires C = 37:7; H = 49; 
Br = 27°85; Cl=24°7 per cent.); with bromine, it gave 
NPhMe,Br,Br,, with iodine, NPhMe,Br,I,, with iodine monobromide 
NPhMe,Br,IBr, with iodine monochloride (1 mol.), NPhMe,Br,ICl, 
and with iodine trichloride or the monochloride (2 mols.), there 
resulted NPhMe,C1,ICl. 

Phenyltrimethylammonium Chloride, NPhMe,Cl.—This could not 
be isolated in the solid form, but was obtained as an oil when the 
hydroxide and hydrochloric acid were concentrated to a syrup, 
the syrup dissolved in absolute alcohol, and the chloride precipi- 
tated by ether. For identification purposes, the double salt with 
mercuric chloride, NPhMe,Cl,HgCl,, melting at 184°, was employed. 
Chlorine, dissolved in hydrochloric acid, in alcohol, or in glacial 
acetic acid, had no action on this compound; bromine gave a 
10 per cent. yield of NPhMe,Br,Br,; iodine in acetic acid gave 
10 per cent. yield of the tetra-iodide, NPhMe,I,I, (m. p. 84°); whilst 
iodine monochloride gave a nearly quantitative yield of 
NPhMe,Cl, ICI. 

Action of Halogens on Phenyltrimethylammonium Iodide Di-iodide 
and on the Tetra-iodide.—The di-iodide, NPhMe,I,I,, when treated 
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with chlorine in glacial acetic acid at .45°, gave*NPhMe,Cl,ICl,, 
melting at 144°, whilst bromine at 80° gave NPhMe,Br,IBr, melting 
at 120°; iodine gave the tetra-iodide, NPhMe,]I,I,. 

The tetra-iodide with chlorine at 100° gave a mixture of 
NPhMe,C1,IC] and NPhMe,Cl,ICI,. 

Phenylirimethylammonium Bromide Dichloride, NPhMe,Br,Cl,.— 
This substance could be obtained by the direct action of chlorine 
on the quaternary ammonium bromide, but was prepared best 
by chlorinating phenyltrimethylammonium bromide dibromide, 
NPhMe,Br,Br., in glacial acetic acid at 80°. The dichloride was 
precipitated by the addition of ether and when recrystallised 
from glacial acetic acid, in which it is somewhat easily soluble, 
it formed very pale yellow leaflets which melted at 111° (Found : 
C= 37:7; H= 50; Cl = 24:1; Br= 278. C,H,,NCi,Br requires 
C=377; H=49; Cl= 24:7; Br= 27°85 per cent.). The 
constitution of this substance was established by its losing chlorine 
when kept in a vacuum desiccator over potassium hydroxide and 
also by its decomposition in the cold by acetone, when the quaternary 
bromide was produced (Found: Br = 36°7. Calc., Br = 37°0 per 
cent.). 

Chlorine was without further action on the dichloride, and 
bromine at 60° in glacial acetic acid had no action. Iodine in 
acetic acid at the boiling point gave NPhMe,Cl,ICI. 

Phenyltrimethylammonium Bromide Iodochloride, NPhMe,Br,ICl.— 
This was prepared by heating together in glacial acetic acid for 
five minutes equivalent quantities of iodine monochloride and 
phenyltrimethylammonium bromide. When the solution was 
cooled, sandy-yellow crystals separated, which, after two crystal- 
lisations from glacial acetic acid, melted at 104°. The yield was 
. 80 per cent. of the theoretical (0°2902 gave 0°4300 of mixed 
silver haloids, which yielded after chlorination the ratio 
silver haloids/AgCl = 1:33. C,H,,NCIBrI requires 0°434 mixed 
haloids and the ratio 1°316). The constitution of this substance 
was established by treatment with acetone, which yielded the 
quaternary ammonium bromide free from chloride or iodide. 

This iodochloride, when treated with chlorine at 90°, gave 
NPhMe,Cl,ICl,; bromine was without action on it; whilst iodine 
gave traces of NPhMe,Br,I,. 

Phenyltrimethylammonium Bromide Iodobromide, NPhMe,Br,IBr. 
—This substance was formed by the action of bromine on 
NPhMe,Br,I, or NPhMe,I,I,, by the action of iodine on 
NPhMe,Br,Br,, or by the action of iodine bromide on NPhMe,Br. 
The best method of preparation consisted in the addition of a slight 
excess of bromine to an acetic acid solution of phenyltrimethyl- 


150 MCCOMBIE AND READE: 


ammonium iodide at 60°. ‘The yield was nearly theoretical and the 
product, when recrystallised from glacial acetic acid, consisted of 
glistening orange plates which melted at 120° (Found: Br = 38:1, 
I= 291; N=3-21. C,H,,NBr,I requires Br = 37:8; I = 294. 
N = 3°3 per cent.). The constitution of this substance was 
established by treatment with acetone, when the quaternary 
ammonium bromide resulted. Chlorine acted on this iodobromide 
to produce a 96 per cent. yield of NPhMe,Cl,ICl,, whilst bromine 
was without action on it, and iodine gave only traces of 
NPhMe,Br,I,. 

Phenyltrimethylammonium Bromide Di-iodide, NPhMe,Br,I,.— 
This compound was prepared by the addition of the calculated 
weight of iodine to a concentrated solution of the quaternary 
ammonium bromide in acetic acid. The mixture was kept at 
100° for a few minutes, and, on cooling, the di-iodide separated. 
It was recrystallised from glacial acetic acid, when it formed deep 
orange-brown plates melting at 114°. The yield was about 83 per 
cent. of the theoretical (Found : Br = 16:1; I = 55:2. C,H,,NBrl, 
requires Br = 17°4; I = 55:2 per cent.). 

The constitution was inferred from its method of preparation 
and from the fact that it resembled the periodides in not being 
degraded by treatment with acetone. 

When chlorine was passed into a solution of the di-iodide in 
glacial acetic acid, bromine was evolved and NPhMe,C(1,IC\, 
separated. Bromine acted on the di-iodide and produced 
NPhMe,Br,IBr, whilst iodine was without further action. 

Phenylirimethylammonium Chloride Iodomonochloride, 

NPhMe,C1, ICI. 
—This compound was originally prepared by Samtleben (Ber., 
1898, 31, 1146), who obtained it by the action of chlorine on pheny]- 
trimethylammonium iodide in hydrochloric acid solution. It can 
be obtained also by the action of ethyl malonate at 40° on 
NPhMe,Cl,ICl;, or by the action of iodine on NPhMe,Br,Cl,. 

Samtleben’s suggestion that this substance was the iodochloride 
of the quaternary ammonium chloride has been confirmed by means 
of degradation with acetone and the conversion of the very soluble 
chloride produced into the double salt with mercuric chloride, 
NPhMe,Cl,HgCl,, which melts at 184°. It was found possible also 
to synthesise the compound from the quaternary chloride and 
iodine monochloride in acetic acid solution. 

The action of chlorine on the iodomonochloride converted it 
partly into the iodotrichloride, NPhMe,Cl,ICl,, which usually 
crystallised along with the unchanged monochloride. Bromine 
and iodine were without action on the substance. 
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Phenyltrimethylammonium Chloride Iodotrichloride,N PhMe,Cl,ICIg. 
—The best method for the preparation of this substance consisted 
in the action of chlorine on a glacial acetic acid solution of 
NPhMe,Br,IBr at 60—70°. When the solution was cooled, the 
product crystallised in long, yellow needles which melted at 144°. 
It can also be prepared by chlorination of the periodide (0°3225 
ave 0°6461 of mixed silver haloids, which after chlorination gave 
mixed haloids/AgCl = 1:129. C,H,,NCI,I requires 0°6450 of mixed 
haloids and the ratio 1°128). 

This product was also formed together with the iodomonochloride 
by the chlorination of phenyltrimethylammonium iodide in glacial 
acetic acid at any temperature between 20° and 100°. The two 
products were separated by dissolving 3 grams in 60 c.c. of glacial 
acetic acid at 104—106° and allowing the solution to cool slowly, 
when both products crystallised and could be separated by hand- 
picking with the aid of a lens; the addition of a few drops of 
bromine facilitated this separation by tinting the crystals to a 
different degree. For a long time the product of chlorination, 
which melts at 141°, was thought to be homogeneous and to have 
the formula (NPhMe,CI,ICI,),, NPhMe,Cl,IC] (Found: C = 28:3; 
H=38; N=36; Cl= 309; = 33°7. Calc., C = 283; 
H=3°7; N=3°7; Cl= 31:0; I = 33:3 per cent.). It is best 
regarded as a double salt. 

The constitution of the iodotrichloride is established by (a) 
treatment with ethyl malonate, when the iodomonochloride results, 
and (b) treatment with acetone and the addition of mercuric chloride, 
when the characteristic double salt derived from the quaternary 
ammonium chloride is precipitated. ‘Further, it was possible to 
synthesise this substance by the action of iodine trichloride on the 
quaternary ammonium chloride and separation of the two con- 
stituents of the double salt. 

Chlorine and bromine were found to be without action on the 
iodotrichloride. On grinding the substance with water, a red 
colour was formed immediately, and on standing a small quantity 
of NPhMe,I,I, was precipitated. When the substance was treated 
with a concentrated aqueous solution of potassium hydroxide and 
the solution acidified with acetic acid, a small quantity of the 
same periodide was produced. 


Solubilities of the Perhaloids in Acetic Acid at 38°. 


Solubility Relative Solubility Relative 

in grams solubility in grams solubility 

Perhaloid. per litre. in mols. Perhaloid. per litre. in mols. 
NPhMe,Br,Cl, 50 35-1 NPhMe,Br,IBr 6-6 3-1 
NPhMe,Br,Br, 8 4-6 NPhMe,Cl,ICl 13-3 8-0 
NPhMe,Br, I, 6-5 2-8 NPhMe,I,I, 4-0 1-6 
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Vapour Pressures of the Perhaloids at Different Temperatures, 


The apparatus used consisted of two small similar distilling 
flasks, to the side tubes of which were fused the two upper ends 
of a long narrow U-tube, fitted with small bulbs at the upper end 
of each limb. The U-tube, partly filled with mercury, acted as 
a manometer. The dried, finely powdered substances to be con- 
pared were introduced into the distilling flasks, the neck of one 
flask was sealed whilst the other distilling flask was connected 
with a pump, completely evacuated, and sealed. The bulbs of 
the flasks were immersed in a thermostat, and readings were taken 
at each temperature. A simpler form of the apparatus was made 
by fusing together a single distilling flask and a U-tube with a 
very long sealed limb. With this apparatus the absolute dis. 
sociation pressures of the substances were obtained directly. 


Vapour pressures in mm. of mercury at 
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Summary. 

The preparation and properties of the following new perhaloids 
are described: NPhMe,Cl,IC],; NPhMe,Br,Cl,; NPhMe,Br,IBr; 
NPhMe,Br,I,; NPhMe,Br,ICl. 

The results of chlorination, bromination, and iodination of each 
of the following are also described : (NPhMe,),SO,; NPhMe,NO,; 
NPhMe,C(1 ; NPhMe.,C1,ICl ; NPhMe,Cl,ICI, ; NPhMe.,Br; 
NPhMe,Br,Cl,; NPhMe,Br,Br,; NPhMe,Br,I,; NPhMe,Br,l,; 
NPhMe,Br,IC1; NPhMe,Br,ICl; NPhMe,Br,IBr; NPhMe,I; 
NPhMe,I,I,; NPhMe,I,I,. 

The following deductions have been drawn from these results. 

1. Since the sulphate and nitrate do not give stable perhaloids, 
perhaloid formation is due to the halogen of the quaternary 
ammonium salt and not to the nitrogen atom. 

2. The bromide gives the widest range of stable perhaloids by 
direct addition. 

3. Chlorine always replaces the N-halogen if iodine is also present. 

4. In the absence of iodine, chlorine replaces the added halogen, 
not the V-halogen. 
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5. Bromine replaces N-iodine, but not N-chlorine or added 
chlorine to any appreciable extent. 

6. Up to 95°, the perhaloids have smaller vapour pressures 
than the parent quaternary ammonium salts. 

7. Low solubility is insufficient to explain these reactions. 

8. The assumption that these perhaloids are molecular compounds 
fails in a similar manner. 

9. True chemical affinity where the halogens are multivalent is 
the only explanation of these experiments. 

10. Two methods of determining the constitution of the per- 
haloids by the successive removal of the most easily detached 
halogens by means of (a) ethyl malonate under reduced pressure 
and (6) acetone are given. 


CHEMISTRY DEPARTMENT, 
THE UNIVERSITY, CAMBRIDGE. (Received, September 20th, 1922.] 


XVIII.—Benzbisthiazoles. Part Il. 


By STerHEN RATHBONE HOLDEN EDGE. 


A PREVIOUS paper (Edge, T., 1922, 121, 772) described the pre- 
paration of a benzbisthiazole from m-phenylenediamine. This 


benzbisthiazole was there regarded as being probably 2: 6-di- 
methylbenzbisthiazole (I), although it could theoretically be 2: 7- 
dimethylbenzisobisthiazole (II). To help to elucidate this point, 
a benzisobisthiazole, 2:4: 7-trimethylbenzisobisthiazole (III) has 
been prepared starting from m-tolylenediamine. 
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The method was similar to that employed before, the acetyl 
derivative of the diamine being converted into a mixture of thio- 
acetyl derivatives and this oxidised in alkaline solution to the bis- 
thiazole. The oxidation to bisthiazole did not go as smoothly as 
before—more tarry matter was produced and yields of pure product 
were very small. Just as in the previous case, a mixture of constant 
composition and sharp melting point of seven molecules of dithio- 
acetyl-m-tolylenediamine with two molecules of monothiodiacetyl-m- 
tolylenediamine was discovered. From this, pure dithioacetyl-m 
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tolylenediamine was obtained after very many recrystallisations from 
water. The monothio-compound appears in this case to be tarry 
and could not be isolated. 

This trimethylbenzisobisthiazole is a much weaker base than 
the previously described dimethylbenzbisthiazole. Its monohydro. 
chloride is decomposed by boiling water with production of an 
emulsion of the bisthiazole. When dry, the hydrochloride begins 
to decompose below 100° and for this reason has no definite melting 
point. The thiazole dissolves in concentrated hydrochloric acid 
and the solution appears stable. On diluting slightly, the mono. 
hydrochloride is precipitated. On further dilution this precipitate 
redissolves. 

Definite evidence of the existence of a dimethiodide was obtained. 
This somewhat surprising fact provides an explanation of the high 
iodine content found for the monomethiodide of the 2 : 6-dimethyl.- 
benzbisthiazole previously prepared. The method of production 
of the bisthiazole might be expected to give small quantities of 
the isomeric 2: 7-dimethylbenzisobisthiazole in addition to the 
main bulk of 2: 6-dimethylbenzbisthiazole. If now benziso- 
bisthiazole is a diacid base and gives a dimethiodide, the high iodine 
content is explained. Working on this hypothesis, it was noticed 
that the specimen of the bisthiazole which had been recrystallised 
seven or eight times to get a sharp and constant melting point 
had never been used for making the methiodide. On carrying out 
the preparation and analysis of the methiodide with a little of 
this sample, the value I = 34°92 was obtained, theory requiring 
[ = 35°09 per cent. for the monomethiodide. Since there can be 
no doubt as to the structure of the trimethylbenzisobisthiazole 
now prepared, and since the dimethylbenzbisthiazole previously 
described shows no trace of being a diacid base, the above results 
point definitely to its being 2 : 6-dimethylbenzbisthiazole. 


EXPERIMENTAL. 


Mixture of Mono- and Di-thioacetyl-m-tolylenediamines.—Fifty 
grams of diacetyl-m-tolylenediamine and 25 grams of finely- 
powdered phosphorus pentasulphide boiled under reflux with 
500 c.c. of toluene for one and a half hours, yielded on treatment 
just as before described 35—38 grams of the crude mixture. Three 
recrystallisations from alcohol brought the melting point of this 
product up to 178°, at which it remained constant after further 
recrystallisation from alcohol. This mixture of constant m. Pp. 
consists of a yellowish-white powder of minute, needle-shaped 
crystals. The melting point is raised and made much less sharp 
by mixing with pure dithioacetyl-m-tolylenediamine (Found : 
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§=24°04. Calc. for 7 mols. of dithio- to 2 mols. of monothio- 
acetyl derivative, S = 24-27 per cent.). 

Dithioacetyl-m-tolylenediamine.—Repeated crystallisation of the 
above mixture from water slowly raised its melting point to 185— 
186°, at which point it became constant. Fine, yellowish-white, 
needle-shaped crystals were obtained (Found: C = 55°93; H = 
598; S= 27°16. Calc.,C = 55°46; H = 5°88; S = 26°90 per cent.). 

2:4: 7-Trimethylbenzisobisthiazole.—A solution of 20 grams of 
aude dithioacetyl-m-tolylenediamine and 68 grams of sodium 
hydroxide in 500 c.c. of water is added to 180 grams of commercial 
potassium ferricyanide in 1000 c.c. of water. After keeping for 
one hour, the precipitate is collected and dissolved in 250 c.c. of 
alcohol, the solution, diluted to 500 c.c. with water, is boiled with 
animal charcoal, filtered, cooled, just acidified with dilute hydro- 
chloric acid, and the precipitated tar removed. The solution is 
made strongly alkaline (80 grams of sodium hydroxide) and ex- 
tracted with ether. The ethereal solution is dried with sodium 
sulphate, boiled with charcoal, and filtered. The residue left after 
evaporation of the ether is crystallised from hot light petroleum, 
when the bisthiazole (yield about 2 grams) is obtained in white, 
feathery needles, m. p. 115—116° (Found: C = 56°73; H = 4:02; 
8= 27°45. C,,H, N.S, requires C= 5641; H=427; S= 
27°35 per cent.). The hydrochloride, made by dissolving the bis- 
thiazole in concentrated hydrochloric acid, diluting slightly, and 
filtering off the copious white precipitate, forms very minute, 
needle-shaped crystals, which melt and decompose at 170—180° 
(Found: Cl = 13°22. C,,H,)N.S,,HCl requires Cl = 13°12 per 
cent.). 

Methiodides.—Approximately 0°15 gram of the isobisthiazole 
was heated with excess of methyl iodide for several hours in a 
saled tube. After drying in air until no further loss in weight 
occurred, the increase in weight was found to be 0°16 gram (roughly, 
theory requires an increase of 0°09 gram for the monomethiodide 
and of 0°19 gram for the dimethiodide). 

05 Gram was heated with methyl iodide as before, and the pro- 
duct, recrystallised from water, gave white, matted crystals. 
These were dried at 100°. From the appearance it was obvious 
that some decomposition had taken place (Found: I = 28°89 
per cent.). 

The above experiment was repeated, care being taken to heat 
for as short a time as possible when recrystallising, and the air- 
dried product was dried in a vacuum desiccator without further 
heating (Found: I = 46°00. Theory requires, for the mono- 
methiodide, I = 33°78; for the dimethiodide, I = 49°04 per cent.). 
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Lack of material prevented further repetitions of the aboy 
preparation. No definite melting points could be obtained becany ff. 
of the.decomposition which started even below 100°.” 


Kine’s Cottecr, Untversiry or LONDON, 
STRAND, W.C. 2. (Received, December 13th, 1922.) 


XIX.—Synthesis of Substituted Thianthrens. Part I. 
Thianthren and Nitrothianthren. 


By Sri KrisHna. 


PERuSAL of the literature on substituted thianthrens shows that 
the methods of preparation hitherto described give only the syn. 
metrically disubstituted derivatives and are applicable only in a 
very limited number of cases (see, for example, Fries and Volk, 
Ber., 1909, 42, 1170; Fries and Engelbertz, Annalen, 1915, 407, 
194; Cohen and Skirrow, T., 1899, 75, 888; Ray, T., 1921, 119, 
1962). 

An attempt is now being made to synthesise mono-, di-, or 
poly-substituted thianthrens by a method that should be applicable 
to benzene derivatives containing acid or basic substituents. The 
present communication describes the synthesis of thianthren by a 
method which utilises the reactivity of the halogen atom in nega- 
tively substituted chlorobenzene. 6-Chloro-3-nitrobenzenesulphinic 
acid condenses with the sodium derivative of phenyl mercaptan, 
4-nitro-2-sulphinodiphenyl sulphide (I) being formed. This is 
readily soluble in concentrated sulphuric acid. If the blue solution 
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obtained is immediately diluted with water, the sulphoxide (II) 
will be precipitated, but if the solution is kept for half an hour 
before dilution, 3-nitrothianthren (III) will be obtained and sulphur 
dioxide evolved. 

3-Nitrothianthren is readily reduced to 3-aminothianthren, from 
which through the diazo-compound thianthren is obtained. 

The mono- and the di-sulphoxide and the disulphone of 3-nitro- 
thianthren have been prepared. The former dissolve in sulphuric 
acid, giving red and yellow solutions, but the disulphone forms 4 
colourless solution. 
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A blue colour is produced when a solution of 3-nitrothianthren 
in glacial acetic acid is treated with hydrogen chloride or stannic 
chloride. The production of this blue colour has been regarded 
as evidence of the existence of quinonoid dithionium salts (Fries, 
loc. cit.). Attempts have been made to isolate such salts of 3-nitro- 
thianthren, but these have not been successful due probably to 
the influence of a nitro-group. If 3-nitrothianthren is heated with 
anhydrous ferric chloride in acetic acid, a ferrichloride is formed. 
Adichloro-additive product is formed when dry chlorine is passed 
into a glacial acetic acid solution of 3-nitrothianthren, but attempts 
to isolate the substance have failed, as it is very quickly converted 
into a sulphoxide in presence of moisture. 

The present work is interesting because the starting material 
contains a nitro-group, the presence of which in the molecule has 
been found to inhibit the course of other methods of synthesis 
(Ray, loc. cit.). Several mercaptans, containing various substi- 
tuents, have been condensed in the above fashion and the reaction 
has so far been found to be a general one. Experiments are in 
progress to synthesise thianthrens containing hydroxy-, nitro-, or 
sulpho-groups, the preparation of which has defied all attempts 
made by previous workers. 


EXPERIMENTAL. 


6-Chloro-3-nitrobenzenesulphinic Acid.—A mixture of 20 grams of 
é-chloro-3-nitrobenzenesulphonyl chloride, prepared by Fischer’s 
method (Ber., 1891, 24, 3194), and 50 grams of sodium sulphite 

(Na,SO;,9H,O) 

in 75 c.c. of water was shaken for three hours, until the sulphonyl 
thloride had dissolved. The mixture was tested for. alkalinity 
fom time to time and dilute sodium hydroxide was added to 
prevent formation of sulphur dioxide. The mixture was kept at 
atmospheric temperature by the addition of ice, any undue increase 
of temperature being fatal to the success of the experiment on 
weount of hydrolysis of the sulphonyl chloride. The mixture was 
filtered, well cooled in ice, and concentrated hydrochloric’ acid 
slowly added, when a crystalline solid separated. The sulphinic 
id crystallises from water in shining, colourless plates, m. p. 139°. 
Itgives the usual test with concentrated sulphuric acid and phenetole 
found: Cl= 1615; S = 14°68. C,H,O,NCIS requires Cl = 
1602; S = 14-44 per cent.). 

4.Nitro-2-sulphinodiphenyl Sulphide (Formula I).—A solution of 
2 grams of 6-chloro-3-nitrobenzenesulphinic acid in 50 c.c. of water, 
containing 4 grams of sodium hydroxide, was added to a boiling solu- 
tion of 11 grams of phenyl mercaptan in 25 c.c. of water, containing 
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4 grams of sodium hydroxide, during twenty minutes, during whic 
time the temperature of the boiling solution rose to 105—107°. Th¢ 
red solution, when cold, was filtered, diluted to about 300 c.c. with 
ice and water, and slowly acidified with cold dilute sulphuric acid 
a yellow, crystalline product being obtained. If the acid had bee 
added too quickly, the deposit was oily; it hardened, however, on 
keeping. The product sometimes contained phenyl mercaptan (in 
which case the precipitate was invariably soft), and this was re. 
moved by grinding with ether. The 4-nitro-2-sulphinodipheny| 
sulphide, when dry, was crystallised from chloroform or alcohol 
in very small, lemon-yellow needles, m. p. 135°. This substance 
is very soluble in cold dilute alkalis (Found : C = 49°12; H = 3:26: 
S = 22°05; N = 4°60. C,,H,O,NS, requires C = 48°81; H = 3105; 
S = 21°76; N = 4°74 per cent.). 

3-Nitrothianthren (Formula III).—The preceding sulphinic acid 
was finely powdered and dissolved by addition in small portions 
to a convenient volume of concentrated sulphuric acid at room 
temperature (20 grams of the sulphinic acid usually required 75 c.c. of 
the mineral acid). The solution, the red colour of which changed 
to violet-blue on keeping, was poured after twenty to twenty-five 
minutes into 500 c.c. of water, when a dull yellow solid separated. 
This was collected, washed several times with hot water, dried, 
and crystallised from formic acid, when 3-nitrothianthren was ob- 
tained in small, orange needles, m. p. 128°. It can be distilled in 
a vacuum at 260° and sublimes in long, slender, orange needles. 
It is quite insoluble in boiling alkalis, but dissolves in strong sul- 
phuric acid giving a deep violet solution, from which it is repre- 
cipitated unchanged on the addition of water (Found: C = 55°31; 
H = 2°89; S= 2433; N=5°51. O,H,O,NS, requires C= 
55°17; H = 2°70; S =24:13; N = 5°36 per cent.). 


3-Aminothianthren, NH,-C,H,<¢>C,H,—Ten grams of 3-nitro- 


thianthren, dissolved in 60 c.c. of 90 per cent. acetic acid, were 
reduced by boiling under reflux for three to four hours with zinc 
dust. The cooled mixture was filtered and poured into a large 
volume of water, when a voluminous, white precipitate appeared. 
This having been well washed, and warmed with strong aqueous 
ammonia several times to remove traces of acetic acid, the product 
was dried and crystallised from acetone or alcohol, being obtained 
in colourless needles, m. p. 185° (Found: N = 6:26; S = 27°82. 
C,,H,NS, requires N = 6:06; S = 27-70 per cent.). 
3-Aminothianthren dissolves in concentrated sulphuric acid 
forming a deep blue solution. The hydrochloride and the sulphate, 
which are quite easily prepared, are only slightly soluble in water 
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but fairly soluble in dilute alcohol. These salts are readily diazotised 
by the usual methods; the diazotised solutions give bright red 
precipitates with alkaline solutions of @-naphthol and resorcinol. 

Thianthren.—To a boiling solution of 7 grams of 3-aminothianthren 
in 50 c.c. of absolute alcohol and 6 grams of concentrated sulphuric 
acid, 1°5 grams of sodium nitrite were added in small portions. After 
two hours’ boiling, the solution was filtered into 300 c.c. of water, 
when a white precipitate separated. This was collected, washed, 
dried, and crystallised from alcohol. The product thus obtained 
sublimed in a vacuum in long needles, which were identified as 
thianthren by the melting point of its mixture with a genuine sample. 

3-Nitrothianthren Monoxide (Formula II)—This compound was 
obtained when 4-nitro-2-sulphinodiphenyl sulphide was dissolved 
in concentrated sulphuric acid at about 50°. The method of isolating 
the product was the same as that described in the case of 3-nitro- 
thianthren. The sulphoxide was also prepared by boiling an acetic 
acid solution of 3-nitrothianthren with dilute nitric acid for one 
hour. The cooled mixture was poured into water, and the sulph- 
oxide was crystallised from dilute acetic acid in nodules, m. p. 166°. 
It was reduced to 3-nitrothianthren by boiling with hydrogen 
bromide in acetic acid solution. It dissolved in concentrated 
sulphuric acid with a red colour and was reprecipitated unchanged 
with water (Found: S = 23°15. C,,H,O,NS, requires 8 = 23°10 
per cent.). 

3-Nitrothianthren Dioxide, NOyC,H;<gy>CoHy, was prepared 


by oxidising 3-nitrothianthren in boiling glacial acetic acid with 
nitric acid (d 1°4). After boiling for half an hour, the mixture was 
poured into water, and the light yellow (sometimes cream-coloured) 
precipitate was collected, washed, dried, and crystallised from 
dilute acetic acid, forming light brown prisms, m. p. 226° (Found : 
§= 21:98. C,,H,0,NS, requires S = 21°84 per cent.). 
3-Nitrothianthren Tetroxide, NOyCgHy<go2>CHy—This di- 


sulphone was obtained when a hot glacial acetic acid solution of 
3-nitrothianthren was added drop by drop to a boiling acetic acid 
solution of chromic acid. The product was isolated as described 
in the case of the sulphoxides, and crystallised from alcohol or 
dilute acetic acid in colourless prisms, m. p. 255° (Found :S = 19°90; 
N= 4:24. C,.H,0,NS, requires S = 19°69; N = 4°30 per cent.). 


3-Nitrothianthren Ferrichloride, 2NOsCjH,<g>CgHyFeCly, was 


prepared from anhydrous ferric chloride and 3-nitrothianthren in 
glacial acetic acid. On cooling the filtered mixture, dark brown 
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crystals of the double salt were obtained. These, recrystallised from 
acetic acid, melted at 223° (Found: Fe=10°40. 2C,,H,O,NS8, 
requires Fe = 10°52 per cent.). 


In conclusion, I desire to express my thanks to Professor Smiles, 
F.RB.S., for his interest and helpful suggestions, and to the Research 
Fund Committee of the Chemical Society for the grant which 
defrayed part of the expenses incurred in this research. 
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XX.—The Determination of the Dissociation Pressures 
of Hydrated Salis by a Dynamical Method. Part Il. 


By James Rippick PaRTINGTON and DonaLD BENNETT 
HUNTINGFORD. 


THe methods employed in the measurement of the dissociation 
pressures are (a) statical, (b) dynamical (Partington, T., 1911, 99, 
467), (c) indirect. In the last method, water is removed by allow- 
ing the higher hydrate to come to equilibrium in a liquid, in which 


the hydrates are insoluble, or very slightly soluble. The amount 
of water in the liquid phase is then determined, and from this the 
dissociation pressure obtained. 

Menzies (J. Amer. Chem. Soc., 1920, 42, 1952) finds that consider- 
able pressures, due to permanent gases, develop in tensimeters after 
exhaustion, and suggests that the abnormally high pressure, noticed 
by Schottky (Z. physikal. Chem., 1908, 64, 433) during the initial 
stages of an experiment, is due to this cause. The pressures on 
each side, due to these gases, then become equalised by the dis- 
solution and diffusion of the air, etc., in the oil. 

Menzies determined the pressure of this residual air in the tensi- 
meter after equilibrium had been reached by immersing the bulb, 
containing the salt, in a freezing mixture at — 50°, and found a 
pressure of 0°3 mm. of mercury. He concludes that this is due 
to the persistence of the air during evacuation as an adsorbed layer 
on the crystals of the salt. 

Wilson (J. Amer. Chem. Soc., 1921, 43, 704) employed a small 
balance inside a desiccator, equipped with a fan and stirrer, and 
containing sulphuric acid solution, the strength of which was varied 
until the concentration was found at which the salt neither gained 
nor lost in weight, when exposed to the air in equilibrium with the 
acid. From the density of the acid the dissociation pressure of the 


DISSOCIATION PRESSURES OF HYDRATED SALTS, ETC. PARTI. 161 


salt can be determined. The closeness of the limits between which 
the salt lost or gained in weight depended on the rate at which the 
salt gained or lost water. This is slow in the case of CuSO,,5H,O 
—> CuSO,,3H,0, whilst in the cases of CuSO,,3H,0 —> CuSO,,H,O 
and BaCl,,2H,O0 —> BaCl, it is so slow as to make this an unsatis- 
factory method. Each determination lasts several weeks. Wilson 
states that these results are less open to question than those of 
other methods, as equilibrium can be approached from either side. 

Tammann (Wied. Ann., 1888, 33, 329) introduced the transpira- 
tion method, whereby a measured volume of dry air is aspirated 
over the salt, and the water vapour evolved collected in suitable 
drying tubes. He observed that dissociation pressures measured 
in this way are higher than those determined tensimetrically and 
ascribed the difference to the presence of traces of saturated solution, 
retained by the crystals. 

Campbell (T'rans. Faraday Soc.,1915,10, 202) confirmed Regnault’s 
(Wied. Ann., 1845, 15, 129) and Shaw’s (Phil. Trans., 1888. 179, [A], 
73) observations that liquids exert a lower vapour pressure in the 
presence of gases than in the presence of their own saturated 
vapours only. He adduced evidence which indicates that this 
lowering is related to the solvent power of the liquid, although the 
amount of dissolved gas is insufficient to account for the whole of 
the observed lowering. Violent agitation causes these differences 
to tend to disappear. Campbell gives the following values for the 
vapour pressure of water at 70°; in a vacuum 233°8 mm.; in 
hydrogen 230°8 mm. According to Winckler (Z. physikal. Chem., 
1892, 9, 171), 100 grams of water dissolve 0°0,1019 gram of 
hydrogen at 70° under a total pressure of 760 mm. 

The lowering of the vapour pressure, according to Raoult’s law, 
will therefore be Ap = pon/N = 234 x 0:0001019 2 x 18/100 = 
000215 mm. The observed lowering is 3°0mm. There is, however, 
another effect of the presence of an inert gas on the vapour pressure 
of 2 liquid not referred to by Campbell, and this tends to raise the 
vapour pressure to an extent approximately given by Pv/V, where 
P is the pressure of the gas, and v and V are the specific volumes 
of the liquid and vapour, respectively (see J. R. Partington, “‘ Text- 
book of Thermodynamics,” 1913, p.200). For water at 70°, v= 1c.c. 
(approx.), and V = a x oar x a x 1,000 = 5060 c.c., and 
therefore . Ap:-= Pv/V = 760/5060 = 0°15 mm. of Hg. This 
would mask the very small effect of opposite sign, due to the Raoult 
effect. .Thus it appears that theory requires a small (and measur- 
able) increase-.of Vapour pressure in the presence of a relatively 
insoluble inert gas rather than the diminution actually found by 
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experiment, and therefore the true cause of the datter has yet to 
be discovered. 

Campbell suggests that Tammann’s high results may be due to 
this lowering of the vapour pressure in the presence of gases. A 
recalculation mace by Campbell, of Tammann’s values leads to 
results in better agreement with the values determined by Frowein 
(Z. physikal. Chem., 1887, 1, 5). The latter, however, are too low, 
as was shown by Menzies (J. Amer. Chem. Soc., 1920, 42, 1955). 

The transpiration method was improved by Partington (T., 191], 
99, 466), who climinated the troublesome corrections for changes 
of temperature und barometric pressure. Tammann’s observation 
that the pressures obtained by this method are slightly higher than 
those obtained by the tensimetric method was confirmed. Parting. 
ton suggested that the first product of dehydration is an unstable, 
probably amory!ious, lower hydrate or anhydrous salt, which 
slowly passes into the stable form, the true equilibrium pressure 
being then reached. 

Baker (Ann. Reports, 1912, 8, 34) believes the abnormally high 
pressures are de to the occlusion of saturated solution in the 
crystals of the salt. If this were the complete explanation, the 
pressures as measured by the tensimetric method should depend 
on the size of the bulb available for the production of vapour. If 
this is small, the vapour will come into equilibrium with traces of 
solution, and a higher pressure will be recorded. With a larger bulb, 
all the solution will evaporate and a lower pressure, due to the 
efflorescence of the salt, will be obtained. Experiments to test this 
point would probably be of interest. : 

Rae (T., 1916, 109, 1235) recorded some experiments on the 
period of induction, occurring at the commencement of dehydr- 
ation of asalt. He states that—‘‘ It may well be that the vapour 
pressure of very small particles of copper sulphate trihydrate may 
be much greater than that of larger particles, and may approach 
that of the pentahydrate; if this is really the case, it is clear that 
the formation of these particles, and therefore the initial stages 
of the change from pentahydrate to trihydrate, will take place 
with great difficulty, until the particles of the latter have reached a 
certain size.” 

His assumption that the increase of vapour pressure is due, not 
to the unstable modification of the trihydrate first formed (as 
suggested by Partington), but simply to the fine state of sub- 
division of the trihydrate in its ordinary stable form is, however, 
certainly not to be inferred from the result obtained with small 
particles of a pure substance, which volatilises unchanged. In 
the first place, this analogy, the basis of Rae’s theory, would not 
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explain the differences observed, as the sizes of the small crystals 
would be larger than those required to produce measurable differ- 
ences in the vapour pressure of small drops. Moreover, the two 
cases are totally different. When a drop of liquid evaporates, the 
composition remains unchanged and the physical and chemical 
characters of the interface, liguid/vapour, remain constant ; whereas, 
when a crystal of copper sulphate pentahydrate effloresces, the 
physical and chemical characters of the interface, solid/vapour, 
alter completely, and the pressure is constant only when two solid 
phases are present. 

Rae’s comment that Partington’s interpretation of his results and 
the postulation of the intermediate formation of an unstable lower 
hydrate seem unnecessary, appears to be unconvincing. The lower 
initial values are also an experimental fact, not explained by Rae’s 
hypothesis. 

Baxter and Lansing (J. Amer. Chem. Soc., 1915, 37, 309), employ- 
ing Tammann’s original transpiration method, measured the disso- 
ciation pressures of several salts with great exactitude. 

Menzies (J. Amer. Chem. Soc., 1920, 42, 978) suggests that there 
are errors in Tammann’s and in Partington’s experiments due to 
the asbestos and glass wool plugs, used by these investigators. He 
observes that no other investigators used glass wool plugs to filter 
air, assumed to be of 100 per cent. humidity. In the experiments 
approved by Menzies, saturators of the Kahlenberg type (Science, 
1905, July 21st) were employed; in these the air is slowly drawn 
over the surface of the water, and not bubbled through it. It should 
be recalled that Tammann did not employ a water saturator, but 
measured the volume of air aspirated over the salt. 

Menzies enclosed glass wool, previously treated with steam and 
dried in a current of air for ten minutes at 250°,* in a U-tube and 
aspirated air, saturated with water vapour, over it. At first, 
13°9 per cent. of the total weight of water vapour was retained by 
the glass wool, but the value gradually fell to 0°79 per cent. This 
effect is considered later in the present communication. 

Menzies (J. Amer. Chem. Soc., 1920, 42, 1951) notices that no 
correction was applied to eliminate the error, pointed out by 
Berkeley (Nature, 1915, 95, 54), arising when the moist air, in 
equilibrium with the salt, has a smaller volume than the saturated 
air in equilibrium with the water ; or for the change of pressure due 


* Mr. W. G. Shilling (recent investigations in this laboratory) finds that 
the film of adsorbed moisture is only given up by glass surfaces at 370° and 
by silica at 800° in a current of dry air. The dry surface then shows littl} 
tendency to become recoated with a new film of moisture. Compare also- 
Partington and Cant, Phil. Mag., 1922, [vi], 58, 371. 
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to the head of water in the saturator. Menzies determined the 
dissociation pressure of copper sulphate pentahydrate by a procedure 
similar to Partington’s and also with a tensimeter. A mean value 
of 7°80 mm. was obtained by the dynamical method, agrecing 
fairly well with the value, 7°74 mm., determined tensimetrically, 
The difference is stated to be due to condensation of the water vapour 
before it reaches the drying tubes, a phenomenon first noticed by 
Berkeley and Hartley (Phil. Trans., 1909, 209, [A], 177). 

Foote and Scholes (J. Amer. Chem. Soc., 1911, 33, 1309) deter. 
mined the dissociation pressures of hydrated salts by an indirect 
method, namely, by shaking the salts with aqueous alcohol. The 
results obtained are very low. 

Wilson (ibid., 1921, 43, 704) used amy] alcohol and estimated the 
water content of the mixture from the conductivity of this solu- 
tion, when saturated with potassium thiocyanate. Noyes and West- 
brook. (ibid., 1921, 43, 726) also employed this method. From the 
results of their experiments and those of Wilson, mentioned previ- 
ously, a curve connecting the dissociation pressures of the salt and 
the composition of the equilibrium amy] alcohol—water mixtures was 
plotted. The curve shows that the water content can be deter- 
mined with a fair degree of accuracy in the case of salts, for which 
trustworthy results have been obtained by other methods. 

With copper sulphate pentahydrate, the percentage of water in 
the equilibrium mixture is 1°3 + 0°2, and this error produces a 
variation in the dissociation pressure of 1‘°0 mm. of mercury. 

It seems extremely unlikely that this method will give better 
results with salts such as barium chloride dihydrate, with which 
investigators have experienced difficulties. The initial part of the 
curve slopes rather steeply and this means that the water in the 
amyl alcohol—-water mixture has to be determined very accurately. 
This seems to be the defect of the method, whilst the chief advan- 
tage is that equilibrium may be approached from either side. 


EXPERIMENTAL. 


The efficiency of various types of saturator was first investigated. 
It was found that the bubbler type gave the best results, and the 
use of other types was discontinued. 

A bubbler similar to that used by Partington (T., 1911, 99, 467) 
was attached to a vessel carrying the trap (Fig. 2, loc. cit.) and the 
absorption tube, filled with pumice which had been boiled with sul- 
phuric acid. The apparatus was set up in a large thermostat, electri- 
cally controlled, the temperature of which remained constant within 
+ 0:002°, as indicated by a Beckmann thermometer. The bubbler 
with its trap and absorption tube was connected with a large aspirat- 
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ing bottle to which a mercury manometer was fitted, and air was 
drawn through the bubbler. The manometric and the barometric 
pressures and the temperature of the issuing water were noted 
every hour. When an experiment was finished, the taps were 
closed, and the absorption apparatus was detached, cleansed from 
the lubricant, vaselin, by means of cotton wool moistened with 
ether, and weighed against vessels of approximately the same 
volume and surface area. The air was initially dried by calcium 
chloride, and any water vapour was prevented from reaching the last 
absorption tube by a similar tube of calcium chloride, connected 
with the aspirating bottle. 

The vapour pressure of water at 25° was found to be 23°80 mm. of 
mercury; Scheel and Heuse give 23°76 mm. (Landolt, Bornstein, 
and Meyerhoffer, “‘Tabellen,” 4th edit., p. 360). 

A plug of unwashed glass wool, dried at 110°, was now inserted 
in the tube between the bubbler and the trap, and the weight of 
water vapour per litre of saturated air determined as before. 

Volume (litres) of 
Gram of water saturated air at Gram of aqueous 
collected. 760 mm. and 25°. vapour per litre. 
0-2816 12-43 0-02185 
0-1860 8-175 0-02273 
0-2042 8-986 
Saturation value, found above 

Glass wool was boiled with water for twenty minutes, dried at 
110°, and left in a desiccator over calcium chloride until the next 
morning, when it was placed in the apparatus and the experiments 


were continued. 
Volume (litres) of 
Gram of water saturated air at Gram of aqueous 
collected. 760 mm. and 25°. vapour per litre. 
0-2276 10-22 0-02227 
0-1394 6-233 0-02237 
0-0936 4-257 0-02252 
0-1624 7-476 0-02180 
0-4108 17-96 0-:02283 
At the conclusion of this series of experiments, the plug of glass 
wool was removed and placed in a platinum dish with some freshly 
boiled water; no alkaline reaction was detected by phenolphthalein. 
A specimen of glass wool, as received from the dealers, on similar 
treatment reacted alkaline. 0°6772 Gram of this unwashed glass 
wool was boiled with 50 c.c. of water for three to five minutes and 
the solution titrated with N/50-acid. After neutralisation, it was 
again boiled and titrated. This procedure was continued until no 
alkaline reaction was shown on further boiling. The alkali present 
was equivalent to 0°25 per cent. of NaOH calculated on the weight 


of the wool. 
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Another sample of glass wool was boiled under reflux with 100 c.c. 
of water for six hours. The alkali present was equivalent to 
0°63 per cent. of NaOH. 

Glass wool which had been boiled with water, dried at 110°, 
and left in a desiccator over-night, was placed in the vapour-pressure 
apparatus and air, saturated with moisture, passed over it until 
the weight of water vapour per litre of saturated air showed that 
the glass wool had retained a maximum quantity of water vapour, 
The water in the saturator was now replaced by a solution of 43°75 
(weight) per cent. sulphuric acid having a vapour pressure of 
11°56 mm. of mercury at 25° (Landolt, Bornstein, and Meyer. 
hoffer, op. cit., p. 426). Air was aspirated through this acid, and its 
vapour pressure determined. 


Volume (litres) of 


Gram of water moist air aspirated at Vapour pressure of 
collected (w). 760 mm. and 25° (V). H,SO, solution (f’). 
0-0380 3-356 12-0 
0-0722 6-549 11-64 
0-0454 4-043 11-69 
0-0436 3-890 11-67 
0-0330 2-990 11-50 


, Ww _ 298 760 

I= y * 373 * 07962 
(0°7962 Gram is the weight of 1 litre of aqueous vapour at 760 mm. 
and 0°.) 

The gradual fall of vapour pressure indicates that glass wool 
can lose some of its adsorbed water until the amount of the latter 
is in agreement with the partial pressure of aqueous vapour in the 
air, aspirated over it. 

The measurement of the dissociation pressures of the salts was 
now commenced by a method similar to that used by Partington. 
No glass wool plug was used, and the absorption tubes contained 
pumice which had been boiled with sulphuric acid, and phosphoric 
oxide (Fig. 1, loc. cit.). These absorbents were renewed when a 
U-tube showed an increase in weight of 0:2 gram. 

If w, and w, = grams of water vapour absorbed from the salt 
and from the water, respectively; V = litres of dry air aspirated 
att°; p = the dissociation pressure of the salt at ¢°; + = the vapour 
pressure of the water at ¢° ; B = barometric height ; and b = difference 
of the levels in the gauge fitted to the large regulating bottle, 
connected with a water-pump, then the weight of water vapour 


mm. of Hg. 


in v( —- >) litres of moist air in equilibrium with the salt will be 


Waa )b X 97g 1) 07062 = w, grams. 
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The weight of water in i. = ) litres of moist air in equili- 


brium with the water will be 
0 (po? Nee x 2B 
B — b — z/\760 273 +f 


Wy B X75) 
Therefore is p [> aa Bt 


w, (B— B—b— 
rn pes hae) 


Ww , B-—b—-= 
If p= = and K = ae > 


p KB 
then o> < KB’ 

Unfortunately, the necessity of measuring this difference of 
pressure (b mm. of Hg) between the air in the large bottle and the 
atmosphere was not realised until the experiments at 25° had been 
carried out. It has been found from the later experiments that b 
has a constant value of 30 mm. of mercury. 

Substitution of values of (B — b) from 710 mm. to 750 mm. in the 
last expression, however, shows no difference in the calculated value 
of p from p’ at 25°. 

The use of this formula in place of the expression, p = Wy7/We, 
used by Partington, eliminates the correction for the change of 
pressure due to the height of the water in the saturator and also 
the error pointed out by Berkeley. 

About fifteen minutes before each experiment was finished, the 
ground-glass joints connecting the absorption U-tubes were gently 
warmed with a hot tile until all the moisture w<s driven into the 
U-tube. The tube was allowed to cool (about five minutes were 
required) and the air current was then discontinued. 

For measurements at higher temperatures, the end of the large 
U-tube, containing the salt, was hermetically secied and the tube 
was completely immersed under water. To this arm, an absorp- 
tion apparatus exactly like that used with the water-bubbler, 
was fused. 


) 0°7962 = w, grams. 


Copper Sulphate Pentahydrate, CuSO,,5H,0. 


Each limb of the U-tube was packed with a cc'umn, 12-——15 cm. 
long, of finely powdered copper sulphate (A.R. standard), which 
had been allowed to dry in the air for a week, and air was aspirated 
over it for six hours. As the first measurements were low, the con- 
tents of one limb of the U-tube were removed and well mixed with 
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copper sulphate which had been kept in a desiccator over sulphuric 
acid. This column was then replaced and the measurements were 
recommenced. At the conclusion of the experiments, it was found 
that the salt had effloresced, to a depth of 1 inch, near the air inlet, and 
this part was separated sharply from the rest, which was apparently 


unchanged. 
Temperature 25°. ®o,° = 23-76 mm. b=30 mm. 
Wy. We. p’ mm. B. p mm, 


2 
6 7745 7-94 
0-0106 0-0328 -68 766-0 7-86 
0-0058 0-0180 5 762-5 7-83 
. -70 762-5 7°88 
0-0128 0-0394 -72 761-0 7-90 
0-0114 0-0345 *85 765-6 8-03 
0-0108 0-0328 7-82 771-4 8-00 


Mean values: p’ = 7:73, Pog = 7-92 + 0-03 mm. 


Temperature 30°. 39° = 31-83 mm. 6 = 30mm. 


0-01215 0-03416 11-33 762-5 11-68 

0-01258 0-03487 11-43 758-4 11-78 

0-01179 0-03259 11-45 | 755-4 11-80 

0-01032 0-02918 11-26 758-0 11-52 
0-01024 0-02833 11-51 775-0 11-85 Cu 
0-01309 0-03625 11-48 776-5 11-82 Cu 
Mean values: p’ = 11-41, page = 11-74 + 0-05 mm. Ir 
Temperature 35°. 3g = 42-19 mm. 6 = 30 mm. Pe 
0-01495 0-03849 16-39 7655 ~ 17-00 Mi 

0-01291 0-03283 16-59 760-7 17-21 " 

0-01213 0-03159 16-20 760-8 16-81 W 
0-01054 0-02714 16-39 761-3 17-00 tt 
0-01045 0-02670 16-51 758-0 17-13 , 

0-01016 0-02604 16-45 768-5 17-06 

0-01051 0-02752 16-12 758-1 16°73 
0-01462 0-03735 16-51 768-3 17-13 in 
Mean values: p’ = 16-39, ps = 17-01 + 0-06 mm. (s 

* After mixing with copper sulphate which had been kept for five days 

in a desiccator. , 
Li 
Except those at 25°, the low results obtained during the initial n 


induction period have been omitted. 


Sodium Arsenate Dodecahydrate, Na,HAsO,,12H,0. 


The U-tube was packed with freshly recrystallised, air-dried 
sodium arsenate, and air was aspirated over the salt for six hours 
before measurements were taken. The values during the induction 
period are omitted. 
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Temperature 25°, - 8. = 23-76 mm, b = 30 mm. 

Wy Ws. p’ mm. , p mm. 
0-01008 0-02183 10-96 761: 11-18 
0-01844 0-04050 10-81 . 11-03 
0-01131 0-02472 10-86 . 11-08 
0-01626 0-03542 10-91 . 11-11 
0-01075 0-02345 10-89 757- 11-19 
0-01211 0-02656 10-83 . 11-04 

Mean values: p’ = 10-88, poy = 11:10 + 0-03 mm. 


Temperature 30°. Ts = 31-83 mm. b = 30 mm. 
0-02435 0-05209 14-88 761-4 15-24 
0-01876 0-039 74 15-03 15-40 
0-01773 0-03773 14-87 15-24 
0-01870 0-03984 14-95 15-32 
0-02563 0-05536 14-74 15-11 
0-01600 0:03436 14-82 15-19 

Mean values: p’ = 14-88, pg = 15-25 + 0-04 mm. 


1 
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Temperature 35°. T35° = 42:19 mm. 6 = 30 mm. 
0-01138 0-02390 20-09 760-7 20-73 
0-02131 0-044 10 20-10 761-3 20-74 
0-01005 0-02126 19-95 754-0 20-59 
0-01206 0-02526 20-14 20-79 
0-01196 0-02516 20-05 20-69 
0-01032 0-02161 20-15 20-80 
0-01002 0-02091 20-22 20-86 

Mean values: p’ = 20-10, p33. = 20-74 + 0-03 mm. 
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Results. 


CuSO,,5H,0 —> 
Cu80,,3H,0 Method. 25°. 30°. 35°. 


> 


Frowein Tensimeter 734mm. 10:10mm. 15-60 mm. 
Transpiration 


Tensimeter 
Transpiration 
Static 
Transpiration 


Partington’s value has been recalculated, using 7,;.9;. = 23°77 mm. 
in place of 23°56 mm. and is comparable with the value p’y),. = 7°73 
(see page 168). 

Na,HAsO,,12H,O —> Na,HAsO,,7H,0. 25°. 35°. 
Lescoeur (Ann. Chim. Phys., 1890, 21, 


511) . : 
This research . 2: 20-74 mm, 


The limits of error in the results obtained by various investigators 
are tabulated below. 


Baxter and Lansing ° 
PURO ben dkissd scissicisecsises 0-01—0-1 mm. 
Noyes and Westbrook 0-1—2-0 mm. 
This research 0-03—0-06 mm. 
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By means of the van’t Hoff reaction isochore the heats of hydr. 
ation of the following reactions have been calculated. 

CuSO,,5H,O0 == CuSO,,3H,0 + 2H,O(liquid) — 3,460 cals. 

Na,HAgO,,12H,O == Na,HAs0,,7H,O + 5H,O(liquid) — 930 
cals. 

For copper sulphate, Frowein obtained the value 3,340 cals. and 
Thomsen 3,410 cals. by direct calorimetric measurement. 

It seems probable that the glass wool used in Partington’s experi- 
ments became scturated with moisture before the induction period, 
when low pressures are obtained, was completed, and by then 
further retention of water vapour by the glass wool had ceased. 
Consequently the presence of glass wool would not vitiate Parting- 
ton’s results, but it is suggested that the larger limits of error in 
his experiments may be due to slightly irregular evaporation and 
condensation of moisture on the glass wool. 


Summary. 

The dissociation pressures of some hydrated salts have been 
measured at several temperatures by a dynamical method without 
the use of glass \ool plugs. 

The following values have been obtained. 

Temp. 25°. 30°. 35°. 
CuSO,,5H,O —>CuSO,,3H,O...  7:-92mm. 11-74mm. 17-01 mm. of Hg. 


Na,HAsO,,12H,O0 —> 
Na,HAsO,,7H,0 11:10 ,, 15:25 ,, 20-74, 4, 


The heats of hydration calculated from these results are 3,460 
and 930 gram-cals., respectively. ; 


In conclusion, we desire to thank the Chemical Society for a 
grant which has defrayed the expenses incurred in connexion with 
this work. 

THE CHEMICAL DEPARTMENT, 


East Lonpon COLLEGE, 
UNIVERSITY OF LONDON. (Received, December 8th, 1922.) 


XXI.—Production and Reactions of 2-Dithiobenzoyl. 
| By Mary McKrpsen and Ernest Witson McCLeLianp. 


DITHIOBENZOYL has previously been prepared (T., 1922, 121, 86) 
by the action of hydrogen sulphide on 2-thiolbenzoic acid in presence 
of concentrated sulphuric acid. The formation of this compound 
finds a ready explanation on the hypothesis advanced by Smiles 
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(T., 1911, 99, 640) that the aromatic disulphides and mercaptans 
react in sulphuric acid in accordance with the equation 
RS:S‘R+H,0 == R‘S-OH+R-SH. 

The addition of hydrogen sulphide to such an equilibrium mix- 
ture in all probability gives rise, in the case of 2-thiolbenzoic acid, 
to a compound of the type I, which by intramolecular condensation 
yields 2-dithiobenzoy] (II). 

S-SH -S- S-S-CH,°CO,H 
CoHi<06,H CH< G98 CoH<00,H 2! 
(I.) (II.) (III.) 

It has also been shown that thioglycollic acid may be substi- 
tuted for hydrogen sulphide; in this case the formation of the 
intermediate compound III, which was isolated, suggests that 
2-thiolbenzoic acid reacts with aliphatic substances containing the 
thiol group in accordance with the scheme 


S-OH SSR 


S 


The possibility of synthesising 2-dithiobenzoyl by the inter- 
action of 2-thiolbenzoic acid with aliphatic mercaptans has now 
been investigated. The particular substances examined were 
ethyl mercaptan and thiolacetic acid, both of which have been 
found to react with 2-thiolbenzoic acid in presence of sulphuric 
aid to give 2-dithiobenzoyl. In the case of ethyl mercaptan it 
was found necessary to use a higher temperature than that usually 
required, which may be accounted for by the relative stability of 
the thiol group in ethyl mercaptan. 

From these results and those previously obtained, it is evident 
that the formation of 2-dithiobenzoy] by the interaction of aliphatic 
mercaptans and 2-thiolbenzoic acid in presence of sulphuric acid is 
of a general nature. 

In a previous communication (loc. cit.) it has been shown that 
).dithiobenzoyl reacts with aniline, yielding the dianilide of dithio- 
benzoic acid (IV), the reaction being accompanied by evolution of 
hydrogen sulphide. Sodium ethoxide has also been shown to 
react in an analogous manner, yielding dithiobenzoic acid by rupture 
of the dithio-ring and removal of sulphur. 


mw) [C<Commcu), — W<og>NE 


The instability of the dithio-ring in presence of basic substances 
is thus apparent. The action of several bases on 2-dithiobenzoyl 


has been examined in order to determine how far the basic nature 
a* 2 
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of a compound influences the rupture of the dithio-system. Dj. 
methylaniline, pyridine, and quinoline have yielded negative 
results, from which it would appear that basic character alone is 
not sufficient to effect removal of sulphur. The fact that hydrogen 
sulphide is continuously evolved in the reaction with aniline sug. 
gests that the sulphur of the dithio-ring is removed as: hydrogen 
sulphide, a change which is not likely to occur in the cases cited 
above owing to the absence of replaceable hydrogen. 

With ammonia, such a removal of sulphur should be possible, 
On treating an alcoholic solution of 2-dithiobenzoyl with dry 
ammonia, a compound was isolated which from its properties ap. 
pears to have the structure represented by V. The formation of 
such a substance, the imide of 2-thiolbenzoic acid, can readily be 
explained on the above assumption, the hydrogen sulphide evolved 
being converted to ammonium sulphide thus : 


CoH, <GO>S + 3NH, = CoH, <G5>NH + (NH,)3S. 


On oxidation with potassium permanganate, 2-thiobenzimide 
yields “ saccharin.’ 


EXPERIMENTAL. 
2-Dithiobenzoyl (Formula II). 


(a) From Thiolbenzoic Acid and Ethyl Mercaptan.—A solution 
of 1 gram of ethyl mercaptan in 5 ¢c.c. of concentrated sulphuric acid 
was mixed with a solution of 1 gram of 2-thiolbenzoic acid in 10 c.c. 
of concentrated sulphuric acid. After keeping for a short time, 
the mixture was heated at 50° for two and a half hours with fre- 
quent shaking. The solution was then poured on to crushed ice, 
and the 2-dithiobenzoyl removed by volatilisation in a current of 
steam and purified by crystallisation from alcohol. The substance 
was found to be identical with 2-dithiobenzoyl from other sources. 

(6) From 2-Thiolbenzoic Acid and Thiolacetic Acid.—To a solution 
of 5 grams of 2-thiolbenzoic acid in 50 c.c. of concentrated sulphuric 
acid, 5 grams of thiolacetic acid were gradually added, and the mix- 
ture was heated at 50° for two hours. The solid precipitated on 
pouring the mixture into ice-water was removed in a current of steam 
and crystallised from alcohol. The resulting compound was found to 
be 2-dithiobenzoyl by comparison with material prepared by other 
methods. 

Reaction of Ammonia with 2-Dithiobenzoyl. 


Dry ammonia was passed into an alcoholic solution of 2-dithio- 
benzoyl for two hours, the alcoholic solution was then partly 
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evaporated, and the dissolved material precipitated by addition 
of water. The crude substance thus obtained was gently heated 
with a small quantity of 50 per cent. sodium hydroxide, any undis- 
solved material being filtered off. On cooling, the sodium salt of 
9-thiobenzimide crystallised in fine, transparent needles, which 
were collected and washed with sodium hydroxide solution. The 
sodium salt was then dissolved in water, and the imide precipitated 
by the addition of hydrochloric acid. 2-Thiobenzimide (formula V) 
crystallises from aqueous alcohol in long, white, needle-shaped 
crystals; it melts at 158°, dissolves in hot water, and is readily 
soluble in most organic media. With alcoholic ferric chloride, it 
gives a purple coloration; on addition of water, the solution deposits 
a blue powder and the original imide (Found: C = 55:9; H = 3°5; 
§=211; N=93. C,H,ONS requires 5° 

§ = 21:2; N = 9°3 per cent.). 


Oxidation of 2-Thiobenzimide. 


2-Thiobenzimide was heated with an excess of aqueous potassium 
permanganate for several hours. Alcohol was then added, and the 
precipitated manganese dioxide filtered off and well washed with 
hot water. The filtrate and washings after concentration were 
acidified with hydrochloric acid, which precipitated a white, 
crystalline solid. This substance melts with decomposition at 
about 227°, possesses an intensely sweet taste, and answers to 
tests for o-benzoic sulphinide (“‘ saccharin ’’). 


THe Str Donatp CuRRIE LABORATORIES, : 
QUEEN’s UNIVERSITY, BELFAST. [Received, November 30th, 1922.] 


XXII.—The Investigation of meso-T'hioanthracene 
Derivatives. Part I. Observations on the Pro- 
duction of Dithioanthraquinone, Dithiodianthrone, 
and other Closely Related Derivatives. 


By Istpor Morris HemsBron and JoHN STANLEY HEATON. 


It is somewhat remarkable that, although 1- and 2-thiolanthra- 
quinones and various anthraquinone sulphides have been prepared 
(compare Gattermann, Annalen, 1913, 393, 113; Schaarschmidt, 
ibid., 1915, 409, 59), as also thiolanthracene (Hefter, Ber., 1895, 
28, 2258), only very few meso-thioanthracene derivatives have 
hitherto been described. By the action of sulphur chloride on 
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anthracene dissolved in light petroleum, Lippmann and Pollok + 
(Ber., 1901, 34, 2768) obtained a compound melting at 212° to 
which they ascribe the constitution shown in formula I. Bistrzycki 
and Brenken (Helv. Chim. Acta, 1922, 5, 20) also have recently 


CI-8:8 8-C,H; 
(1.) C,H < l >CoH, CoH <I>CeHy (II.) 
H S-CH; 


prepared 9-phenyl-9 : 10-dihydro-meso-thioanthracene, in which the 
sulphur is apparently present as a bridge atom, by the action of 
concentrated sulphuric acid on 2:4: 4-triphenyl-1 : 3-oxthiophan- 
5-one. 

The present investigation was undertaken with the object of 
examining the methods of formation of meso-thioanthracene 
derivatives, and gives the results of certain experiments which 
have resulted in establishing the existence of a series of thio- 
derivatives, some of which are quite analogous to the known 
oxygen compounds. 

As both 1- and 2-thiolanthraquinones have been obtained by 
heating the corresponding chloro-derivatives with sodium sulphide, 
we attempted, in the first instance, to prepare meso-dithiolanthracene 
by a similar method, starting from either 9 : 10-dichloro- or -di- 
bromo-anthracene. Although many experiments were carried 
out, employing both anhydrous sodium sulphide, as also sodium 
hydrosulphide, in no case was more than the merest trace of any 
sulphur-containing compound obtained. That, however, the 
halogen atoms in the 9: 10-position can be replaced by sulphur 
was exemplified by the preparation of dithioanthraquinyl diphenyl 
ether (II) by the interaction of phenyl mercaptan and 9: 10-di- 
bromoanthracene in benzene solution in presence of piperidine 
under pressure at a temperature of 200°. 

As a result of this experiment, it seemed likely that the mercaptan 
group might be introduced into the anthracene molecule by having 
the reactants in solution, and the next method adopted by us was 
one similar to that employed by Vorlander and Mittag (Ber., 1913, 

* Since this communication was submitted, a paper by Friedlander 
and Simon has appeared (Ber., 1922, 55, [B], 3969) in which these authors 
find that, by the direct action of sulphur chloride on anthracene, anthranyl- 
9-dithiochloride, C,,H,-S-SCl, is obtained in 90 per cent. yield. This 
compound, which melts at 117—118°, on treatment with sodium sulphide 
yields the sodium salt of 9-anthranyl mercaptan (thioanthranol), from which 
the free mercaptan is obtained as an orange- “yellow precipitate on acidi- 
fication with dilute acetic acid. The mercaptan is very readily oxidised, 
yielding dianthranyl disulphide. 
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46, 3453), who obtained the highly labile triphenylcarbinyl 
mercaptan by saturating a solution of sodium ethoxide in ethyl 
alcohol with hydrogen sulphide and heating the ro.sulting solution 
of sodium hydrosulphide with w-chlorotriphenyimethane. We 
hoped in this way, starting from 9: 10-dichloroanthracene, to be 
able to obtain the free 9:10-dithiolanthracene ({II) which, on 
oxidation, would yield dithioanthraquinone (IV) by a reaction 
similar to the ready oxidation of anthraquinol (V) to anthraquinone 
(VI). Working under the conditions specified by Vorlander and 


12° to 
rz yeki 
cently 


h the J Mittag, no reaction whatsoever could be induced, but, after heating 
on of under pressure at a temperature of 120°, sodium haloid was formed, 
phan indicating that interaction had been brought about. A mass of 
mixed crystals was also found to have been deposited on the sides 
ct of @ of the autoclave, which were separated by fractional crystallisation 
ene @ from benzene, yielding unchanged dichloroanthracene and anthra- 
hich J quinone. 
thio- On working up the alcoholic solution, there was obtained, as 
own explained in detail in the experimental part, a pale yellow powder 
which, just after precipitation, is completely soluble in hot aqueous 
| by sodium hydroxide, and proved to consist mainly of a mixture of 


anthranol and anthrone (compare K. Meyer, Annalen, 1910, 379, 37). 
If, however, the crude product is first dried, it is ro longer wholly 
soluble in aqueous alkali and, in addition to anthranol and anthrone, 
dianthrone is now present. The last compound mi :t consequently 
have appeared subsequently to the reaction in the autoclave and 
is doubtless formed by oxidation of the anthranol »y atmospheric 
oxygen, similarly to the production of 3 : 3’-dihydroxydianthrone 
from 2-hydroxyanthranol (A. G. Perkin, T., 1922, 121, 289). This 


ur 
nyl explanation meets with additional support from the work of K. 
di- Meyer (loc. cit.), who has shown that, in the case of anthrone, 


oxidation is subsequent to enolisation to anthranol, although the 


ne 
product is always the ketonic dianthrone. In attempting to account 
an for the formation of these substances, we consider that the first 
ng reaction which takes place is the formation of meso-dithiolanthra- 
~~ cene, and in support of this assumption is the fact that, in addition 
3, to the anthrone derivatives, a small quantity of a sulphur-con- 
er taining substance has invariably been isolated. This substance, 
rs which melts unsharply at 207°, has also been obtained directly 
4 from dithioanthraquinone (p. 183), and it may thus be reasonably 
: concluded that its presence in this reaction undoubtedly points 
h to the primary formation of the mercaptan. It is further assumed 


that, in presence of the large excess of ethyl alcohol, or possibly 
owing to traces of water present, the labile dimercaptan is con- 
verted into anthraquinol, such action being favoured by the high 
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pressure and elevated temperature. At this stage, the reducing 
properties of the sodium hydrosulphide come into play and 
anthranol (VII) is formed, which tautomerises in solution to 
anthrone (VIII) until equilibrium is reached. At this point there 
are present anthraquinol, anthranol, and anthrone. When the 
autoclave is opened, the anthraquinol oxidises to anthraquinone, 
and the anthranol partly changes to dianthrone (IX). 


NaSH Oo 
CoH >CoHly —> CoH RICH, > CHATS > OH, 


(SH) 
Fy (III.) (IV.) 
“a 
(OH) co 
C HY OH) Cee Hy > CACO >CoHe 
(V.) \ te naa 
>" 
be oxid- gH <OOS oH, 
Coy Ota = CH oe "OTE 
oak (VII.) c oi<y o> Coie 
(IX.) 


From the results obtained in this experiment, it is evident, not 
only that interaction between 9:10-dichloroanthracene and 
sodium hydrosulphide can be induced, but also that, in all 
probability, 9 : 10-dithiolanthracene is the primary product formed. 
It appeared probable, moreover, that if the use of ethyl alcohol 
was avoided, the secondary formation of oxygen compounds might 
be altogether excluded, and we accordingly decided to employ 
amyl alcohol in its place, and also to avoid the use of the autoclave, 
with the idea of thus minimising the risk of bringing about 
coalescence of the anthracene molecules. The exact quantity of 
sodium was accordingly dissolved in amyl alcohol, and the solution 
saturated with dry hydrogen sulphide. 9 : 10-Dibromoanthracene * 
was then added and the stream of gas continued first in the cold 
and then in the heat, until no dibromoanthracene separated out 
on cooling, the constant stream of hydrogen sulphide being main- 
tained throughout. In every experiment carried out under these 
conditions, a bright yellow substance is gradually thrown out of 
solution, which, after crystallisation from nitrobenzene, gives 
an analysis in agreement with that required for dithioheptacyclene 
(X). This has apparently resulted from a fusion of two anthracene 
molecules with loss of hydrogen bromide, as indicated below, a 


* Experience hasshown that this reacts better than the analogous dichloro- 
derivative. 


ucing 
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reaction analogous to the production by Liebermann and Linden- 
baum (Ber., 1905, 38, 1799) of tetraphenylheptacyclene (XII) 
fom 10-bromo-9 : 9-diphenyldihydroanthracene (XI). 


Br 
P< LPF 
= Ly LY , 
20H <I>CoHy i. 7 
; sail ee hee 
fae AA 
nil Br 
SH 5 
sea¢ ae : 
H 
AC \ ketonises WN 
we... 8 ir) (X.) 
COOMEIOOS 
LAA AA 
SH 8 
Ph, 
2 hy / *¥ e ) 
aa \/NY\ 
(Xr) | , ie ( ) (XIL) 
ANONK /\AN/\ 
H Br | | 
\7Z ¥ “is 


On directing our attention to the working up of the cold amyl 
alcohol solution, we have found that, despite every precaution 
to maintain apparently identical conditions in each experiment, 
the products obtained vary very considerably in composition. 
Although at first sight this may appear strange, a little consideration 
will show that, providing 9:10-dithiolanthracene is the initial 
reaction product, then, as illustrated in Table I, this substance 
can undoubtedly react further to produce more complex condens- 
ation products in which the determining factor for any one special 
reaction would, in all probability, depend on very minute alterations 
in the conditions, exceedingly difficult, if not altogether beyond 
ordinary methods of control. That this is so is shown in the follow- 
ing, where a few typical examples out of a great number of experi- 
ments actually carried out, are recorded. In our first experiment, 
the cold amyl alcohol solution, on standing, deposited a few grams 
of a substance which, on recrystallisation from benzene, was 
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quinone (Meyer, Ber., 1909, 42, 143). 


mth 


sd Dianthranol is obtained by reduction of anthra 
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obtained in reddish-brown crystals melting at 176°. This compound, 
which is exceedingly labile and soon decomposes on standing in 
air, appears from analysis to be dithioanthraquinone. Unfortu- 
nately, we have failed up to the present to obtain this substance 
again, and consequently, apart from the fact of having ascertained 
that it readily yields anthraquinone on treatment with dilute 
nitric acid, we have been unable to examine its properties in closer 
detail. After leaving it to stand for a fortnight in air, on then 
recrystallising the residue from acetone, a substance melting at 
about 207° was obtained, which produced no depression in melting 
point when mixed with the sulphur compound obtained in the 
ethyl alcohol experiment. Analysis of this substance gave no 
definite indication as to its structure, and the quantities at our 
disposal were too small for further investigation. 

On repeating the previous experiment, the filtered amyl alcohol 
solution, after removal of dithioheptacyclene, deposited a mixture 
of red and yellow crystals, which were separated by fractional 
crystallisation from benzene, in which the red crystals were more 
readily soluble. The main fraction consisted of bright yellow 
crystals, melting at 194°, and has the composition of bisthioanthrone 
disulphide, (XIII). 

On concentration of the amyl alcohol mother-liquors, a dark 
red, crystalline compound was obtained which, after recrystal- 
lisation from benzene, melted at 202°, and was identical with the 
red crystals separated from (XIII). That this substance is dithio- 
dianthrone (XIV) is conclusively proved by the fact that, on 
treating it with yellow mercuric oxide, dianthrone results. In 
the experiment in which the dithioanthraquinone was obtained, 
the filtered amyl alcohol solution remained bright red throughout, 
but in the majority of our experiments wherein bisthioanthrone 
disulphide was isolated in quantity, although the solution was bright 
red when hot, the cold solution invariably changed to yellow. 
We have found, however, that even these colour changes do not 
necessarily occur, and in one particular experiment the solution 
merely became darker as the reaction proceeded, and deposited 
a smaller quantity than usual of (X). In this case, the clear amyl 
alcohol solution on cooling deposited a light brown powder, which 
was separated by benzene into a small quantity of unchanged 
dibromoanthracene together with a substance of composition 
C,sH,,S3, probably bisthioanthrone sulphide (XV). 

It seems likely, in view of the fact that in this experiment some 
9: 10-dibromoanthracene was recovered, that the different course 
of the reaction was due to the fact that an insufficiency of sodium 
had inadvertently been employed, and it is our intention to pursue 
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sulphur, but the quantity at our disposal was too small to permit 
of any further examination being made. 

Treatment of 9 : 10-Dibromoanthracene with Sodium Hydrosulphide 
in Amyl Alcohol Solution—5‘5 Grams of sodium were dissolved in 
1} litres of pure amyl alcohol, contained in a round-bottom flask 
fitted with a reflux condenser and calcium chloride drying tube, 
The sodium amyloxide solution was then saturated with dry 
hydrogen sulphide, which was led in through an inverted thistle 
funnel, 40 grams of 9 : 10-dibromoanthracene were added, and the 
stream of gas was maintained for a further half-hour in the cold, 
after which the solution was boiled under reflux until no dibromo. 
anthracene separated on cooling. The reaction was complete 
after about twelve hours’ heating, during the whole of which 
period hydrogen sulphide was passed into the solution. The 
course of the reaction can generally be followed owing to the fact 
that the colour of the solution changes from yellow to bright red 
towards the end of the reaction. 

Dithioheptacyclene (Formula X).—This substance, which was 
gradually thrown out of solution as the reaction proceeded, was 
collected and purified by boiling first with water and then with 
glacial acetic acid to remove the last traces of sodium salts. The 
dried compound was next boiled with benzene, in which it is 
insoluble but which removes small quantities of soluble organic 
compounds. After crystallisation from nitrobenzene, it was 
obtained in small, yellow crystals, melting at 320° and insoluble 
in the usual organic solvents (yield of pure substance: 4 grams) 
(Found: C=808; H=39; S=152. C,H,,S, requires 
C = 808; H = 3:8; S = 15° per cent.). 

Dithioanthraquinone.—In the first experiment carried out, it 
was found that, on standing, the cold amyl alcohol solution deposited 
red crystals, which were filtered off and dried. After repeated 
fractional crystallisation from benzene, a separation of the crude 
substance into two portions was effected: (a) a small quantity 
of a brick-red substance melting between 190—198°, (6) 5 grams of 
a red, crystalline substance melting at 170—174°. The latter 
fraction was again recrystallised from benzene, when small, ruby-red 
crystals separated out, melting sharply at 176° (Found: S = 26:2. 
C,,H,S, requires S = 26°6 per cent.). This substance, which we 
consider to be pure dithioanihraquinone, is readily soluble in benzene 
or chloroform, but only slightly soluble in alcohol, acetone, or 
ethyl acetate. On oxidation with dilute nitric acid, it passes 
into anthraquinone, thus proving that the sulphur atoms are 
attached to the meso-carbon atoms of the anthracene molecule. 
On standing in air, dithioanthraquinone rapidly decomposes, 
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sulphur dioxide being evolved during the process. After leaving 
it to stand for a fortnight, a substance is obtained which gives 
no depression in melting point with the product isolated as fraction 
(a). The two fractions were consequently mixed and on recrystal- 
lisation from acetone yielded a compound melting unsharply at 
about 207°, which further proved to be identical with the sulphur 
compound previously obtained in the experiment using ethyl 
alcohol as solvent. An analysis of this failed to indicate any 
definite structure. 

Owing to the fact that dithioanthraquinone gradually breaks 
down in air, we were unable to carry out a carbon and hydrogen 
estimation, and in order to do this and verify beyond doubt the 
correctness of the structure assigned, as also to examine this 
interesting compound in greater detail, a fresh preparation was 
started. Although apparently working under absolutely similar 
conditions in this and subsequent experiments, we have as yet 
failed again to isolate dithioanthraquinone except in very minute 
quantities. 

Bisthioanthrone Disulphide (Formula XIII).—In the majority of 
our experiments, after removal of the dithioheptacyclene, the 
amyl alcohol solution deposited a mixture of red and yellow crystals. 
The mixed crystals were filtered off, and a separation effected 
by fractional crystallisation from benzene, when the following 
fractions were obtained: (a) yellow crystals melting at 192—194°, 
(b) an impure specimen of the same compound melting at 184—188°, 
(c) a very small quantity of a dark red solid (dithiodianthrone). 
After a final recrystallisation from chloroform, bisthioanthrone 
disulphide crystallised in very characteristic, bright golden-yellow 
needles (m. p. 194°) which are moderately soluble in benzene or 
chloroform but almost insoluble in alcohol or acetone. It is 
insoluble in aqueous alkali, but dissolves in alcoholic potash, and 
doubtless exists here as the potassium salt of the tautomeric dithio- 
dianthranol derivative (Found: C = 695; H=40; S = 26:1. 
CgH,,S, requires C = 69°7; H = 37; S = 266 per cent.). 

Dithiodianthrone (Formula XIV).—This substance is obtained 
on concentration of the amyl alcohol mother-liquors from which 
the bisthioanthrone disulphide has been removed. Dithiodianthrone 
crystallises from benzene in dark red prisms melting at 202°, 
teadily soluble in chloroform or benzene, sparingly soluble in 
alcohol or ethyl acetate. Like bisthioanthrone disulphide, it is 
insoluble in aqueous alkali, but dissolves in alcoholic potash on 
warming. On oxidation with concentrated nitric acid, anthra- 
quinone is obtained, whilst on heating in benzene solution with 
yellow mercuric oxide the sulphur atoms are replaced by oxygen 
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obtained in reddish-brown crystals melting at 176°. This compound, 
which is exceedingly labile and soon decomposes on standing in 
air, appears from analysis to be dithioanthraquinone. Unfortu- 
nately, we have failed up to the present to obtain this substance 
again, and consequently, apart from the fact of having ascertained 
that it readily yields anthraquinone on treatment with dilute 
nitric acid, we have been unable to examine its properties in closer 
detail. After leaving it to stand for a fortnight in air, on then 
recrystallising the residue from acetone, a substance melting at 
about 207° was obtained, which produced no depression in melting 
point when mixed with the sulphur compound obtained in the 
ethyl alcohol experiment. Analysis of this substance gave no 
definite indication as to its structure, and the quantities at our 
disposal were too small for further investigation. 

On repeating the previous experiment, the filtered amyl alcohol 
solution, after removal of dithioheptacyclene, deposited a mixture 
of red and yellow crystals, which were separated by fractional 
crystallisation from benzene, in which the red crystals were more 
readily soluble. The main fraction consisted of bright yellow 
crystals, melting at 194°, and has the composition of bisthioanthrone 
disulphide, (XIII). 

On concentration of the amyl alcohol mother-liquors, a dark 
red, crystalline compound was obtained which, after recrystal- 
lisation from benzene, melted at 202°, and was identical with the 
red crystals separated from (XIII). That this substance is dithio- 
dianthrone (XIV) is conclusively proved by the fact that, on 
treating it with yellow mercuric oxide, dianthrone results. In 
the experiment in which the dithioanthraquinone was obtained, 
the filtered amyl alcohol solution remained bright red throughout, 
but in the majority of our experiments wherein bisthioanthrone 
disulphide was isolated in quantity, although the solution was bright 
red when hot, the cold solution invariably changed to yellow. 
We have found, however, that even these colour changes do not 
necessarily occur, and in one particular experiment the solution 
merely became darker as the reaction proceeded, and deposited 
a smaller quantity than usual of (X). In this case, the clear amyl 
alcohol solution on cooling deposited a light brown powder, which 
was separated by benzene into a small quantity of unchanged 
dibromoanthracene together with a substance of composition 
C,,H,,83, probably bisthioanthrone sulphide (XV). 

It seems likely, in view of the fact that in this experiment some 
9: 10-dibromoanthracene was recovered, that the different course 
of the reaction was due to the fact that an insufficiency of sodium 
had inadvertently been employed, and it is our intention to pursue 
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these investigations further, with very careful control of the sodium 
content. 

Finally, it remains to be recorded that in one other experiment, 
where the reaction had yielded both substances (X) and (XIII), 
we found, on concentration of the mother-liquors, that, in place 
of the anticipated dithiodianthrone, a substance was obtained 
which, after recrystallisation from xylene, separated in small, 
faintly red prisms melting at 174—176°. This substance, however, 
is entirely different from dithioanthraquinone and the results of 
its analysis agree well with the composition of dianthranyl sulphide 
(XVI). In agreement with such a structure, we have isolated 
anthracene (in the form of its picrate) as one of the products 
after reduction of the compound with zine and acetic acid. 


EXPERIMENTAL 


meso-Dithioanthraquinyl Diphenyl Ether (Formula IT).—Twenty 
grams of 9:10-dibromoanthracene were dissolved in 1 litre of 
benzene and mixed with 25 grams of phenyl mercaptan together 
with 40 grams of piperidine. After heating for six hours at 180° 
under pressure, the reaction mixture was filtered from piperidine 
hydrobromide, the solvent distilled off, and the crude product 
purified by recrystallisation from chloroform. Dithioanthraquinyl 
diphenyl ether forms bright yellow needles melting at 212°. It 
is exceedingly stable and is not hydrolysed on heating either with 
alkali or with concentrated hydrochloric acid. On warming with 
fuming nitric acid, it breaks down, yielding anthraquinone (Found: 
C=788; H=49. C,,H,,S8, requires C = 792; H=4°6 per 
cent.). 

Treatment of 9 : 10-Dichloroanthracene with Sodium Hydrosulphide 
in Ethyl Alcohol Solution.—Forty grams of sodium were dissolved 
in 800 c.c. of absolute alcohol and the solution completely saturated 
with dry hydrogen sulphide. Ninety grams of finely powdered 
9: 10-dichloroanthracene were then added and the stream of 
hydrogen sulphide continued for a further half-hour, after which 
the reaction mixture was transferred to an autoclave and heated 
for two hours at 120°. On opening the autoclave after cooling, 
a mass of crystals was found deposited on the sides of the vessel. 
These were filtered off, and thoroughly washed with hot water to 
remove sodium salts. On recrystallisation of the dried product 
from benzene, 40 grams of unchanged dichloroanthracene were 
recovered, whilst from the mother-liquors there were obtained a 
few grams of a sulphur-free substance which melted at 280° and was 
identified by the oxanthranol test as anthraquinone. 

The clear alcoholic solution, on standing, deposited a small 
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quantity of a crystalline sodium salt which was readily hydrolysed 
by boiling water, yielding a fine yellow powder, a further quantity 
of which was obtained on dilution of the alcoholic mother-liquors 
(total solids = 30 per cent. of halogen compound employed). 
A portion of the freshly precipitated substance, while still in the 
moist state, was immediately recrystallised from glacial acetic 
acid, when pale yellow needles melting at 120° (rapid heating) 
were obtained. The fresh crystals were completely soluble in cold 
dilute alkali, but when left to dry on a porous plate, were partly 
changed to an alkali-insoluble compound, showing an indefinite 
melting point. The alkali-soluble compound was found to be free 
from sulphur and corresponded in all respects with anthranol 
(K. Meyer, loc. cit.). 

The remainder of the crude product was allowed to dry and 
taken up in hot methyl alcohol, in which the bulk was readily 
soluble, a small, insoluble residue being retained. By the successive 
addition of small quantities of water to this solution, three fractions 
were obtained : 

(a) A brown solid which melted at 170—185° and was not com- 
pletely soluble in dilute alkali, even on boiling. 

(6) A similar substance melting at 165°, somewhat more soluble 
in alkali than fraction (a). 

(c) Asubstance melting between 130—160° which was completely 
soluble in hot aqueous alkali. 

Fraction (a).—The alkali-soluble portion of this fraction was 
removed by repeated extraction with hot dilute sodium hydroxide 
solution. The insoluble portion was then recrystallised from 
absolute alcohol, when pale yellow crystals, melting with charring 
at 240°, were obtained. These were soluble in hot alcoholic potash 
and identified as dianthrone by the melting point of its mixture 
with dianthrone, prepared according to the method of K. Meyer (loc. 
cit.). That no anthraquinone was present was shown by the fact 
that no colour reaction was given on reduction with zinc dust 
and sodium hydroxide solution. 

Fraction (c).—By careful fractional crystallisation of this fraction 
from absolute alcohol, a substance melting between 165° and 
168° was obtained, which was free from sulphur and completely 
soluble in boiling aqueous sodium hydroxide. That it was actually 
anthrone was proved by treatment with bromine in carbon 
disulphide solution, when yellow crystals of bromoanthrone, 
melting at 148°, were obtained. 

The residue, insoluble in methyl alcohol, yielded on recrystal- 
lisation from chloroform a minute quantity of a yellow, crystalline 
substance melting at about 207°. This substance contained 
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sulphur, but the quantity at our disposal was too small to permit 
of any further examination being made. 

Treatment of 9 : 10-Dibromoanthracene with Sodium Hydrosulphide 
in Amyl Alcohol Solution —5°5 Grams of sodium were dissolved in 
1} litres of pure amyl alcohol, contained in a round-bottom flask 
fitted with a reflux condenser and calcium chloride drying tube, 
The sodium amyloxide solution was then saturated with dry 
hydrogen sulphide, which was led in through an inverted thistle 
funnel, 40 grams of 9: 10-dibromoanthracene were added, and the 
stream of gas was maintained for a further half-hour in the cold, 
after which the solution was boiled under reflux until no dibromo- 
anthracene separated on cooling. The reaction was complete 
after about twelve hours’ heating, during the whole of which 
period hydrogen sulphide was passed into the solution. The 
course of the reaction can generally be followed owing to the fact 
that the colour of the solution changes from yellow to bright red 
towards the end of the reaction. 

Dithioheptacyclene (Formula X).—This substance, which was 
gradually thrown out of solution as the reaction proceeded, was 
collected and purified by boiling first with water and then with 
glacial acetic acid to remove the last traces of sodium salts. The 
dried compound was next boiled with benzene, in which it is 
insoluble but which removes small quantities of soluble organic 
compounds. After crystallisation from nitrobenzene, it was 
obtained in small, yellow crystals, melting at 320° and insoluble 
in the usual organic solvents (yield of pure substance: 4 grams) 
(Found: C=808; H=39; S=152. O,H,,S, requires 
C = 80'8; H = 3°8; S = 15°4 per cent.). 

Dithioanthraquinone—In the first experiment carried out, it 
was found that, on standing, the cold amy] alcohol solution deposited 
red crystals, which were filtered off and dried. After repeated 
fractional crystallisation from benzene, a separation of the crude 
substance into two portions was effected: (a) a small quantity 
of a brick-red substance melting between 190—198°, (b) 5 grams of 
a red, crystalline substance melting at 170—174°. The latter 
fraction was again recrystallised from benzene, when small, ruby-red 
crystals separated out, melting sharply at 176° (Found: S = 26:2. 
C,,H,S, requires S = 26°6 per cent.). This substance, which we 
consider to be pure dithioanthraquinone, is readily soluble in benzene 
or chloroform, but only slightly soluble in alcohol, acetone, or 
ethyl acetate. On oxidation with dilute nitric acid, it passes 
into anthraquinone, thus proving that the sulphur atoms are 
attached to the meso-carbon atoms of the anthracene molecule. 
On standing in air, dithioanthraquinone rapidly decomposes, 
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sulphur dioxide being evolved during the process. After leaving 
it to stand for a fortnight, a substance is obtained which gives 
no depression in melting point with the product isolated as fraction 
(a). The two fractions were consequently mixed and on recrystal- 
lisation from acetone yielded a compound melting unsharply at 
about 207°, which further proved to be identical with the sulphur 
compound previously obtained in the experiment using ethyl 
alcohol as solvent. An analysis of this failed to indicate any 
definite structure. 

Owing to the fact that dithioanthraquinone gradually breaks 
down in air, we were unable to carry out a carbon and hydrogen 
estimation, and in order to do this and verify beyond doubt the 
correctness of the structure assigned, as also to examine this 
interesting compound in greater detail, a fresh preparation was 
started. Although apparently working under absolutely similar 
conditions in this and subsequent experiments, we have as yet 
failed again to isolate dithioanthraquinone except in very minute 
quantities. 

Bisthioanthrone Disulphide (Formula XIII).—In the majority of 
our experiments, after removal of the dithioheptacyclene, the 
amyl alcohol solution deposited a mixture of red and yellow crystals. 
The mixed crystals were filtered off, and a separation effected 
by fractional crystallisation from benzene, when the following 
fractions were obtained : (a) yellow crystals melting at 192—194°, 
(b) an impure specimen of the same compound melting at 184—188°, 
() a very small quantity of a dark red solid (dithiodianthrone). 
After a final recrystallisation from chloroform, bisthioanthrone 
disulphide crystallised in very characteristic, bright golden-yellow 
needles (m. p. 194°) which are moderately soluble in benzene or 
chloroform but almost insoluble in alcohol or acetone. It is 
insoluble in aqueous alkali, but dissolves in alcoholic potash, and 
doubtless exists here as the potassium salt of the tautomeric dithio- 
dianthranol derivative (Found: C = 69°5; H=40; S= 261. 
C.gH,~S, requires C = 69°7; H = 3°7; S = 26°6 per cent.). 

Dithiodianthrone (Formula XIV).—This substance is obtained 
m concentration of the amyl alcohol mother-liquors from which 
the bisthioanthrone disulphide has been removed. Dithiodianthrone 
trystallises from benzene in dark red prisms melting at 202°, 
radily soluble in chloroform or benzene, sparingly soluble in 
alcohol or ethyl acetate. Like bisthioanthrone disulphide, it is 
insoluble in aqueous alkali, but dissolves in alcoholic potash on 
warming. On oxidation with concentrated nitric acid, anthra- 
quinone is obtained, whilst on heating in benzene solution with 
yellow mercuric oxide the sulphur atoms are replaced by oxygen 
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with formation of dianthrone (Found: C= 803; H= 4+; 
S=15°0. C,.H,,S, requires C=804; H=43; S=153 
per cent.). 

Dianthranyl Sulphide (Formula XVI).—As shown in Table I, 
assuming the reduction of dithiolanthracene to thioanthranol 
to take place in the autoclave, the latter compound could obviously 
react further to yield either dianthranyl sulphide or dithiodianthrone. 
It is probable that in all experiments both compounds are actually 
formed in varying amounts, and the fact that their joint isolation 
has not been accomplished may be attributed to the experimental 
difficulties involved in separating neutral substances of very similar 
solubility. In several experiments, indeed, we altogether failed 
to obiain any definite compound from the cold amyl alcohol 
solution, brown mixtures being produced, which could not be 
separated by fractional crystallisation. 

In one case, however, after removal of bisthioanthrone disulphide, 
on concentration of the amyl alcohol mother-liquors, in place of 
dithiodianthrone separating out, dianthranyl sulphide was obtained. 
This substance crystallises from xylene in bright red crystals 
melting at 174—176° (Found: C= 868; H=49; S= 81. 
CygH,,S requires C = 87:1; H = 4:7; S = 8°3 per cent.). 

That the constitution assigned is correct has been established 
in the following manner. One gram of dianthranyl sulphide was 
dissolved in boiling glacial acetic acid and, after the addition of 
excess of zinc dust, the whole heated under reflux for four hours. 
Hydrogen sulphide was evolved during the course of the reduction. 
After filtering off from excess of zinc, the reduction products were 
precipitated by water, and the residue taken up in dilute alkali, 
in which it was partly soluble. The insoluble portion was dissolved 
in alcohol and added to an alcoholic solution of picric acid, when 
the characteristic ruby-red anthracene picrate slowly crystallised 
out. CogH).S + H, = C,,Hy9 + C,,H,SH. 

Bisthioanthrone Sulphide (Formula XV).—Mention has already 
been made of the fact that, although in general the amyl] alcohol 
solution changes from yellow to red as the reaction proceeds, we 
have found in certain experiments that the solution merely becomes 
darker and, in these cases, a smaller quantity of (X) is formed. 
In one of these experiments, the clear amyl alcohol solution, on 
cooling, deposited a light brown solid, which was separated by 
crystallisation from benzene into: (a) transparent, brown prisms 
melting at 218°, which, despite their abnormal appearance, proved 
to be unchanged 9 : 10-dibromoanthracene, (b) light brown crystals 
melting at 170—178°. Afte. repeated crystallisation of this fraction 
from benzene, bisthioanthrone sulphide was obtained in flaky, 
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yellowish-brown crystals (m. p. 185°), moderately soluble in benzene 
or chloroform, sparingly soluble in alcohol, acetone, or ethyl 
acetate (Found: C=746; H=43; S=214. (C,5H,,S, 
requires C = 74°7; H= 4-0; S = 21°3 per cent.). 
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XXIII.—Photocatalysis. Part III. The Photosynthesis 
of Naturally Occurring Nitrogen Compounds from 
Carbon Dioxide and Ammonia. 


By EpwarD CHARLES Cyrit Baty, Istpor Morris HEILBRON, and 
HAROLD JACOB STERN. 


In the previous communication (Baly, Heilbron, and Hudson, T., 
1922, 121, 1078), a brief account was given of the investigation of 
the products formed by the action of ultra-violet light on solutions 
of potassium nitrate saturated with carbon dioxide. It was shown 
that the nitrate and carbonic acid, respectively, are converted into 
nitrite and formaldehyde, which at once react to produce formhydr- 
oxamic acid. This acid then combines with more of the photo- 
synthesised formaldehyde to give a variety of products, amongst 
which were detected glyoxaline, two substances of alkaloidal 
nature, free «-amino-acids, and substituted «-amino-acids of the 
type of histidine. Brief mention was also made in that com- 
munication of the formation of methylamine and of pyridine by 
the action of the photochemically activated formaldehyde on 
ammonia, and it is proposed in the present paper to give an account 
of this branch of our work. 

It might be argued that the photosynthesis of naturally occurring 
products hy the action of the photochemically activated formalde- 
hyde on ammonia has no direct bearing on the photosynthetic 
processes of the living plant, since ammonia in the free state does 
not exist in the plant and indeed is a poison to the plant. On the 
other hand, it is impossible to deny that ammonium nitrate may be 
present and that this may react with the formaldehyde to give 
formhydroxamic acid and ammonia. Then again, a knowledge of 
the products formed by the interaction of the formaldehyde and 
ammonia must necessarily be of service in interpreting the mechanism 
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of the photosynthesis of complex nitrogen compounds. No apology 
therefore is needed for emphasising the importance of the study of 
the reaction in question. 

It may be noted at the outset that although the products of the 
action of light on carbonic acid and ammonia differ from thos 
formed when carbonic acid and potassium nitrate are illuminated, 
the mechanism of the synthesis appears to be very similar in the 
two cases. In both cases it has been found that all the tests for 
reducing sugars give absolutely negative results and therefore it 
seems in the highest degree probable that the activated formalde. 
hyde, as photosynthesised from the carbonic acid, combines in the 
one case with the nitrite to give formhydroxamic acid and in the 
other with the ammonia, and that the products of these two syntheses 
react with more of the activated formaldehyde to give complex 
nitrogen derivatives. The alternative suggestion that these complex 
nitrogen compounds are produced by interaction of the formhydr- 
oxamic acid or ammonia and active hexoses synthesised from the 
formaldehyde would seem to be disproved by the total absence of 
all reducing sugars from the solutions. 

During the first part of the investigation aqueous solutions of 
ammonia, saturated with carbon dioxide, were exposed for various 
periods of time to the light from the quartz mercury lamp. The 
strength of the ammonia was in most cases 1:°3M and the times of 
exposure varied from twenty to three hundred hours. The resulting 
solutions were evaporated under reduced pressure and the distillate 
was collected in aqueous hydrochloric acid. The acid distillate 
was evaporated to dryness at 100°, the dry hydrochloride extracted 
with absolute alcohol, and the filtrate evaporated to dryness. The 
residue was again extracted with absolute alcohol, this process being 
several times repeated. The final product was found in the main 
to be methylamine hydrochloride. 

The residue in the distilling flask was found to contain nitric acid 
in the form of nitrate and it also reduced neutral and acid perman- 
ganate solutions, owing possbily to the nitrous acid which was also 
proved to be present, this doubtless having been formed photo- 
chemically from the nitric acid. The production of nitric acid along 
with the methylamine by the action of ultra-violet light on solutions 
of ammonia, saturated with carbon dioxide, was confirmed in a great 
number of experiments. In the first place, the ammonia solution 
employed was proved to contain no trace of either nitric or nitrous 
acid, and in the second place 1:°3M-ammonia solution, saturated 
with carbon dioxide, gave no reaction for either acid after being 
kept in the dark for seventy hours at 40°, this being the maximum 
temperature to which the solutions were heated by the rays of the 
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mercury lamp. A similar solution after exposure to ultra-violet 
light for seventy hours gave very decided reactions for nitric acid. 
After three hundred hours, the reactions for this acid were very 
strong indeed, the solution giving a brilliant red colour with brucine 
and sulphuric acid, which faded to orange on standing. The orange 
colour changed to green on the addition of stannous chloride, this 
geen colour disappearing on standing. The presence of some 
nitrous acid was also proved by the Griess-Illesvay test. 

This formation of nitric acid is of some importance, since it must 
be produced by the oxidation of the ammonia by the nascent oxygen 
set free in the photosynthetic process. This photosynthesis must 
take place in two stages, first, the photosynthesis of formaldehyde 
by the action of light on the carbonic acid, 


H,CO, = H-C-OH + 0, 


and, secondly, the interaction of the activated formaldehyde and 
the ammonia, 
NH, + H:C°OH = CH,°NH, + O. 


The oxidation of some of the ammonia to nitric acid is due to the 
oxygen that is set free in these two reactions. In the two previous 
papers (Baly, Heilbron, and Barker, T., 1921, 119, 1025; Baly, 
Heilbron, and Hudson, loc. cit.) the oxygen was proved to oxidise 
some of the formaldehyde to formic acid. 

During the course of these early experiments the mixed hydro- 
chlorides obtained in the manner already described were treated 
with sodium hydroxide and a very strong odour of pyridine was 
developed. It was at once realised that the photosynthetic process 
might lead to the formation of more complex compounds than 
methylamine, namely, compounds of the type of pyrrole, pyrrolidine, 
pyridine, and piperidine. This would not be surprising in view of 
the fact that Baudisch (Ber., 1913, 46, 115) has shown that both 
pyrrole and pyridine derivatives are formed in solutions of potassium 
nitrite and methyl alcohol after long exposure to light. This was 
discussed in the previous paper, where it was stated that no evidence 
had then been found of the formation of any simple derivatives of 
pyrrole or pyridine when solutions of formhydroxamic acid and 
formaldehyde are exposed to ultra-violet light, these two substances 
being the first products of the photochemical synthesis from 
potassium nitrite and methyl alcohol. It was pointed out that 
under those conditions the photosynthesis is exceedingly rapid 
and very soon passes beyond the stage of simple compounds. The 
formation of pyridine in the present experiments by the action 
of light on solutions of ammonia saturated with carbon dioxide 
would therefore confirm Baudisch’s observations. The synthesis 
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of the pyridine nucleus was investigated more fully as follows, 
Batteries of eight quartz tubes, each containing 100 c.c. of 1:31f. 
ammonia, saturated with carbon dioxide, were exposed to the light 
of the quartz mercury lamp for different periods:' The solutions 
were concentrated under reduced pressure, the distillate being as 
before collected in hydrochloric acid. The concentrated solution 
left in the distilling flask was tested for hydroxylaniine, hyponitrous 
acid, «-amino-acids, and sugars, but in every case these substances 
were absent. The absence of «-amino-acids is very significant in 
view of the readiness with which these substances are formed by 
the action of freshly photosynthesised formaldehyde on potassium 
nitrite. 

The acid distillate was evaporated to dryness on the water-bath 
and the solid residue was dried in the desiccator. On extraction 
with absolute alcohol, a considerable quantity of methylamine 
hydrochloride was obtained which was identified by its melting 
point, the evolution of methylamine on treatment with alkali, and 
by the carbylamine test. The alcoholic extract was also found to 
contain small quantities of the hydrochloride of pyridine or, some- 
times, the hydrochloride of piperidine. The presence of one or 
other of these compounds was recognised by the borax test. A 
small quantity of the mixed hydrochlorides is rubbed in a warm 
mortar with a little borax, when the smell of pyridine or piperidine 
is at once developed very strongly, the smell of methylamine not 
being noticeable for at least thirty seconds. This test, which was 
the standard method of testing for the presence of pyridine bases 
in ammonium salts employed during the war, is capable of detecting 
0°03 per cent. of pyridine in ammonium chloride. It may be noted 
that, although in these experiments one of these bases is always 
formed, we have not as yet succeeded in determining the conditions 
for the photosynthesis of either one. In most cases pyridine was 
found, but in some experiments piperidine was apparently present. 

The presence of pyridine (or piperidine) was confirmed in every 
case and it was proved by the most rigid tests that the original 
ammonia contained no trace of either base. The hydrochloride 
prepared by neutralisation of the ammonia gave no evidence of 
either pyridine or piperidine when treated with borax, nor was any 
evidence of these substances found when the ammonium carbonate 
solution had been heated for many hours at 40°. Furthermore, 
some of the ammonia was half neutralised with hydrochloric acid 
and the mixture concentrated in the distilling flask, the distillate 
being collected in acid. The concentration was continued until 
all the free ammonia had passed over, and if pyridine had been 
present the whole of it would now be found in the distillate. The 
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distillate was evaporated to dryness and extracted with absolute 
alcohol. The alcoholic extract contained no trace of pyridine bases. 
The solution of ammonium chloride left in the distilling flask was 
made alkaline with sodium hydroxide and heated, the ammonia 
being collected in pure water. The ammonia solution thus obtained 
was saturated with carbon dioxide and exposed to light, after which 
the presence of pyridine was at once detected. These results would 
seem to prove that piperidine or pyridine is always formed by the 
action on ammonia of formaldehyde as photosynthesised from 
carbonic acid by the action of ultra-violet light, and therefore it 
may be claimed that Baudisch’s observations have been confirmed. 

Itis of some importance to note that we have succeeded in photo- 
catalysing the synthesis of methylamine from ammonia and carbonic 
acid, and we also have obtained evidence of the photocatalytic 
synthesis of pyridine and piperidine. Under normal conditions, 
the synthesis only proceeds under the influence of ultra-violet light 
of very short wave-length, no reaction taking place if the ammonia— 
carbonic acid solutions are exposed in glass test tubes behind a 
plate-glass screen. Ii ammoniacal solutions of cupric carbonate, 
saturated with carbon dioxide, are thus exposed behind glass to the 
light from the mercury lamp, the photosynthesis takes place very 
rapidly. Methylamine is at once formed and after some hours’ 
exposure strong evidence is obtained of the formation of pyridine 
or piperidine. 

The copper solutions after exposure to light were treated in the 
same way as described above, the mixed bases being distilled into 
hydrochloric acid. The concentrated copper solution was filtered, 
the remaining copper precipitated as sulphide, and after being again 
filtered the colourless solution was evaporated to dryness. A smal] 
quantity of a white, deliquescent substance was obtained which 
was dissolved in ether to remove inorganic impurities. The ethereal 
solution on evaporation deposited white crystals resembling Prince 
of Wales’s feathers. In three consecutive experiments the melting 
point was found to be 118°, 119°, and 122°, but we have not vet 
succeeded in identifying the compound. The investigation of this 
substance is being continued. 

The photocatalytic synthesis of methylamine, pyridine, and 
piperidine is important, since it is analogous to that taking place 
in the living plant. As was shown in the first paper of this series, 
there are present in sunlight no rays of the very short wave-length 
necessary for the direct photosynthesis of the activated formaldehyde 
from carbonic acid. It was shown, however, that the synthesis 
takes place photocatalytically by the influence of visible light when 
the carbonic acid is in loose combination with a coloured base, such 
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as malachite green. In the present experiments, it has been shown 
that a similar photocatalytic synthesis takes place in visible light 
when the carbonic acid is associated with the coloured cupric 
ammonium complex. ‘This synthesis, therefore, is another example 
of the mechanism which we believe to be that existing in the living 
plant, where the chlorophyll forms an additive compound with the 
carbonic acid, the activated formaldehyde being photosynthesised 
by the action of visible light on this coloured complex. 

In order both to confirm our interpretation of these results and 
also to determine whether the synthesis proceeds further than the 
formation of the pyridine nucleus, we investigated the action of 
ultra-violet light on mixtures of ammonia and formaldehyde. In 
the first series of experiments, 1°3M-solutions of ammonia and 
formaldehyde were exposed to ultra-violet light for about one 
hundred and twenty hours. The resulting solutions were evaporated 
with excess of hydrochloric acid in order to remove the unused 
formaldehyde and finally taken to dryness. From the mixed 
hydrochlorides, by extraction with absolute alcohol and fractional 
precipitation by ether, in which methylamine hydrochloride is very 
‘paringly soluble, specimens of nearly pure methylamine hydro- 
chloride were obtained. The melting point was found to be 192— 
200°, and the chloroplatinate contained 40-8—41-1 per cent. of 
platinum (calculated, 41-68 per cent.), the low value being probably 
due to the presence of more complex bases which could not entirely 
be removed. Before dealing with these compounds, emphasis 
may again be laid on the fact that the total absence of «-amino-acids 
and of all reducing sugars was proved in these ammonia-formalde- 
hyde solutions after exposure to light. If the relative amount of 
formaldehyde is very greatly increased, for example, 10 mols. to 
1 mol. of NH;,, then the presence of reducing sugars is readily identi- 
fied after these solutions have been illuminated. It is also of 
considerable interest to note that no hexamethylenetetramine is 
formed. 

In a second series of experiments with ammonia and formaldehyde, 
in which the period of illumination was more prolonged, further 
confirmation was obtained of the photosynthesis of pyridine, but in 
no case could we detect any evidence of piperidine. The separation 
of the pyridine hydrochloride from the methylamine hydrochloride 
was carried out in the following manner. The mixed hydrochlorides 
were digested with warm absolute alcohol, in which pyridine hydro- 
chloride is much more soluble than methylamine hydrochloride. 
The alcoholic solution was treated with twice its volume of ether, 
which brought about the precipitation of the greater bulk of the 
methylamine hydrochloride. The filtrate was taken to dryness 
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and the residue extracted with a little chloroform, in which pyridine 
hydrochloride is very much more soluble than methylamine hydro- 
chloride. On evaporation of the chloroform solution a very small 
quantity of almost pure pyridine hydrochloride was obtained. The 
normal chloroplatinate prepared from this had a melting point 
which was about 15° too low owing to its contamination with more 
complex bases of an alkaloidal nature. 

Although the presence of an alkaloidal substance was proved 
by the reactions with all the usual reagents, sufficient material 
was not obtained in these experiments for its investigation. In 
order to examine this substance in greater detail experiments were 
carried out with stronger solutions. Twelve quartz tubes, each 
containing 100 c.c. of 2M-ammonia and formaldehyde, were exposed 
to ultra-violet light for three hundred hours. These solutions on 
exposure turned brown and on evaporation to dryness with hydro- 
chloric acid and extraction with absolute alcohol a light brown 
solution was obtained which on evaporation deposited a brown, 
deliquescent solid with an odour resembling that of liquorice. A 
minute portion of this solid, when dissolved in water, gave very 
strong reactions with all the reagents for alkaloids, the most note- 
worthy being a heavy purplish-brown precipitate with a solution 
of iodine in potassium iodide, and a yellow precipitate and a 
characteristic odour on warming with Nessler’s solution. It is 
this odour, also developed on treating the hydrochloride with alkali, 
that led us to suspect an alkaloid of the coniine group. 

We therefore prepared as much as possible of the alkaloidal 
substance by exposing 2/-solutions of ammonia and formaldehyde 
to ultra-violet light for periods of six to ten days. The resulting 
solutions were worked up exactly as described above and a chloro- 
form solution containing the pyridine and alkaloid hydrochlorides 
was obtained. On the addition of two volumes of ether to this 
solution, most of the pyridine hydrochloride was rapidly precipi- 
tated. On addition of a further small quantity of ether the 
remainder of the pyridine hydrochloride, together with a little 
alkaloid hydrochloride, separated. On evaporation of the second 
filtrate, a brown solid was obtained which on treatment with 
caustic alkali gave no odour of pyridine but only the characteristic 
odour of coniine. It would seem, therefore, that the alkaloid had 
been freed from pyridine by this treatment. The question of the 
relative amounts of these compounds will be dealt with below. 

There is no doubt that the identification of coniine is a matter of 
considerable difficulty, and it is only after very careful investigation 
that we feel confidence in stating that our results go far towards 
proving the photosynthesis of this alkaloid from ammonia and 
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carbon dioxide. We have received great assistance from Dr, 
W. J. Dilling, who has made a study of this very matter, namely, 
the identification of coniine and its differentiation from its allies 
(Pharm. J. and Pharmacisi, 1909, 4, 29), and we tender our most 
grateful thanks to him. 

The most characteristic test for coniine is the crystalline pre. 
cipitate which it gives with potassium cadmium iodide. A neutral 
solution of coniine hydrochloride, cooled in a freezing mixture, on 
cautious addition of the iodide solution, gives a white precipitate 
which under the microscope is found to consist of crystals shaped 
like an oak leaf. These characteristic crystals were obtained with 
our synthetic alkaloid and also with the natural alkaloid and found 
to be exactly similar in appearance. The conhydrines only give 
amorphous precipitates with this reagent. 

The synthetic alkaloid on oxidation with potassium dichromate 
and sulphuric acid gave the unmistakable smell of butyric acid, no 
difference being found when the natural alkaloid was used in similar 
quantities. 

Strong confirmatory evidence was obtained by Melzer’s test 
(Arch. Pharm., 1898, 236, 701) as modified by Dilling. One c.c. 
of a solution of the hydrochloride is made alkaline with sodium 
carbonate, 0-5 c.c. of alcohol and a few drops of carbon disulphide 
are then added, and the mixture is heated to the boiling point. 
Distilled water is then added until the test tube is two-thirds full, 
and afterwards a few drops of a saturated solution of uranium 
nitrate are added, when an orange-red colour is produced. On 
shaking with toluene or with ether, the coloured. compound is 
extracted and the ethereal solution, on standing, deposits brown 
crystals. The solubility of the coloured compound in toluene 
definitely differentiates coniine from its allies and indeed is a 
specific test for coniine. In the case of the conhydrines, moreover, 
the ethereal solutions give amorphous deposits and not crystals. 
When nickel chloride is substituted for the uranium nitrate, a fine 
green colour is obtained, the substance being soluble in ether, which 
on standing deposits green crystals. This at once excludes. y-coni- 
ceine, which gives a red colour with nickel chloride. With copper 
sulphate, the colour is Vandyck-brown, and opaque brown crystals 
are deposited from the ether. We obtained identical colours and 
crystals with our synthetic alkaloid and with natural coniine. These 
three tests are accepted as the best known for the identification of 
coniine, and in each case no difference whatever could be detected 
between the behaviour of our synthetic alkaloid and the natural 
alkaloid. : Oy 

The picrate of the alkaloid was prepared and three specimens, 
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obtained in three separate syntheses, melted at 72—74°, 73—74-5°, 
and 74:5°, respectively. The melting point of the picrate of the 
natural alkaloid is differently recorded by various observers as 
lying between 74° and 76°, this no doubt being due to the fact that 
the picrate is amorphous. It is important to note that Ladenburg 
(Ber., 1886, 19, 439, 2578) states that the melting point of the 
various compounds of synthetic 2-propylpiperidine are almost 
identical with those of the corresponding compounds of natural 
coniine. Although not much support can be derived from the 
melting point of the picrate, it can be stated that the melting point 
does not differ from that of the picrate of natural coniine, which we 
found to be very near 75°, but not sharp. 

Ladenburg also found that the physiological action of his synthetic 
2-propylpiperidine is identical with that of the natural alkaloid. 
The physiological action of our photosynthetic alkaloid was there- 
fore examined in the following manner. After the brain and spinal 
cord of a frog had been pithed, the sciatic nerves and gastrocnemius 
muscles were dissected out and the right leg was tightly tied under 
the nerve to prevent circulation in this limb. The points at which 
these nerves and muscles responded when stimulated by the current 
from an induction coil with movable secondary were noted at 
intervals of time. The injection into the anterior lymph sac of 
0:2 c.c. of a 5 per cent. solution of the synthetic alkaloid caused the 
response of the left sciatic nerve to become less and less until it 
finally ceased, although the right nerve and gastrocnemius muscle 
still responded. This effect is due to the paralysis of the motor 
nerve endings by the solution, an effect which is characteristic of 
coniine and its allies. 

A second experiment was carried out for us by Dr. Dilling as 
follows. Two muscle-nerve preparations from a frog were fitted up, 
one in Ringer’s solution and the other in Ringer’s solution to which 
a small quantity of the hydrochloride of our photosynthesised 
alkaloid had been added. The accompanying tracing (facing p. 194) 
shows very clearly the characteristic paralysis of the nerve endings. 

The experimental evidence obtained from the study of the 
reaction of the photosynthetic alkaloid would seem definitely to 
point towards its being coniine. The arguments may be summed 
up as follows. The physiological action is very characteristic and 
is one which is given only by the curare alkaloids and by the members 
of the coniine group, and since the former are definitely excluded 
by the total failure of the characteristic tests for these alkaloids 
the results shown in the tracing can only have been given by an 
alkaloid of the coniine group. This conclusion is supported by the 
chemical reactions which are very characteristic of this group. 

VOL. CXXIII. H 
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As stated above, we are fully aware of the difficulty of the identi. 
fication of coniine, but on the results of the tests which are unj- 
versally recognised as being the best for the differentiation of 
coniine from its allies we feel confident in stating that the evidence 
is markedly in favour of the photosynthetic alkaloid being coniine 
itself. The crystalline nature of the double salt obtained on the 
addition of potassium cadmium iodide solution and the solubility 


DESCRIPTION OF PLATE. 


Fie. 1.—Upper tracing: Muscle immersed in bath of Ringer’s solution as 
control. Lower tracing: Muscle immersed in bath of 0-4% synthetic coniine 
in Ringer’s solution. Sciatic nerves of both muscles rest on electrodes 
through which a galvanic break stimulus passes every 5 seconds. Ooil 
distance = 11 cm. The tracing shows rapid onset of fatigue in the case of 
the poisoned muscle owing to paralysis by the coniine of the myoneural 
junctions of the sciatic nerve. At arrow, muscles immersed in bath. 

Fie. 2.—Continuation of Fig. 1. Coil distance reduced to 5 cm. Shows 
paralysis of myoneural junctions of sciatic nerve. 

Fie. 3.—After 3 minutes’ rest. Normal muscle-nerve preparation re- 
sponds to stimulus. Coil distance =11 cm. No recovery of the poisoned 
preparation after rest; therefore it is not a simple fatigue effect. 

Fia. 4.—Still no recovery of poisoned muscle-nerve preparation. Com- 
plete paralysis of myoneural junctions of sciatic nerve even to strong stimulus. 
Coil distance = 2 cm. 

Fic. 5.—Ten minutes after Fig. 4. Upper tracing: Normal muscle-nerve 
preparation stimulated through sciatic nerve. Lower tracing: Poisoned 
muscle-nerve preparation stimulated directly through muscle, showing that 
muscle is not paralysed. 

Fic. 6.—Five minutes after Fig. 5. Both preparations stimulated through 
muscle. Coil distance = 7 cm. 


The object of the experiment is to show that the coniine paralyses the 
endings (myoneural junctions) of voluntary motor nerves without paralysing 
the muscle fibres. In Fig. 1, the poisoned muscle rapidly becomes inexcit- 
able by a stimulus applied to the nerve because owing to the paralysis of the 
myoneural junction the stimulus applied to the nerve is “‘ blocked ”’ or is 
unable to reach the contractile elements of the muscle. But, as Figs. 5 and 6 
show, the contractile elements of the muscle itself are not paralysed, because 
they are still excitable by a stimulus directly applied to the muscle substance. 


in toluene of the red compound obtained with uranium nitrate in 
Melzer’s test are reactions only given by coniine and not by any 
other known member of the group. Furthermore, the photo- 
synthetic alkaloid and the natural alkaloid are exactly similar in 
all their properties and reactions. Certain other tests might be 
suggested, but in view of the fact that the reactions we have em- 
ployed are those specially selected after lengthy research as being 
the only ones in which confidence can be placed, we feel that the 


Action on Gastrocnemius Muscle-nerve Preparation of Rana esculenta of Synthetic Alkaloid-Coniine, 
; 0-4 per cent. in Ringer’s Solution. 
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argument in favour of the photosynthesis of coniine would not be 
materially strengthened by their use. 

Reference may be made to the detection of pyridine and piperidine 
recorded above. It must be noted that these compounds form an 
intermediate stage in the synthesis of the coniine alkaloid and 
therefore they are only obtained in very small quantities. If the 
times of exposure to the light are increased, the quantity of pyridine 
or piperidine found in the solution is not materially increased and 
the difficulties of the work become much greater owing to the forma- 
tion of the alkaloid. It may, however, be stated that in certain 
analogous photosyntheses at present under investigation we have 
obtained indisputable evidence of the synthesis of both these 
compounds, and we hope to communicate these results in a further 
paper. 

We consider that it is by no means out of place to refer once 
again to the peculiar difficulties of these photosynthetic investiga- 
tions. In the first place, the initial substance produced is activated 
formaldehyde, which contains an abnormally large quantity of 
energy. The subsequent processes consist in the reaction between 
this compound and other substances, each process being a series 
of reactions in which energy is lost. In the investigation now 
described, the last stage reached is an alkaloid, which is most 
probably coniine. The compounds formed as intermediates between 
the first and final stages will obviously only exist in the free state 
for a short period of time, since they will immediately undergo 
further reaction. The pyridine and piperidine are intermediates 
and only have a transient existence, or in other words they will at 
any given moment only be present in very small quantities. 

A second difficulty is found in the fact that the more complex 
products of the photosynthesis are slowly decomposed by light of 
very short wave-length. Whilst it might, for instance, be thought 
possible to synthesise considerable quantities of the coniine alkaloid 
by exposing the solutions for very long periods to ultra-violet light, 
this is not feasible, since the alkaloid is slowly decomposed. Not 
only does this militate against a good yield, but it also introduces 
further difficulties owing to the formation of decomposition products. 
It is scarcely necessary to point out that this factor is absent in the 
living plant, and we have not as yet succeeded in devising an 
effective screen to absorb the very short wave-length rays and 
transmit the rays required for the formation of the activated 
formaldehyde. 

In the present experiments we have investigated the photo- 
synthesis step by step, each stage being separately studied. The 


first stage is the production of activated formaldehyde by the 
H2 
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action of light on aqueous solutions of carbonic acid. This was 
dealt with in the first paper of this series, and we have now found 
another example of the photocatalysis of this reaction. In the 
second stage, the first product to appear in quantities sufficient for 
its recognition, except, of course, the nitric acid, is methylamine, 
and its presence can be detected very soon after the solutions have 
been exposed to the light. 

If the times of exposure are increased, pyridine or piperidine 
makes its appearance, and it would at first sight seem probable that 
they are synthesised by the action of the activated formaldehyde on 
the methylamine, but this conclusion is by no means certain, 
Pyridine and piperidine might well be formed by direct synthesis 
from five molecules of formaldehyde and one molecule of ammonia, 
the delay in the appearance of these compounds in sufficient 
quantity for their recognition being due to the fact that with a 
given velocity of formation of activated formaldehyde only one 
pyridine nucleus would be formed to five molecules of methylamine. 
There is also to be noted the significant fact that no compounds 
intermediate between methylamine and pyridine, for example, 
dimethylamine, ethylamine, have been found. So far as the 
present evidence is able to help us, it is more in favour of the direct 
nuclear synthesis from ammonia and formaldehyde than the 
synthesis with methylamine as the first stage. Whichever of these 
alternatives is correct, all three substances, methylamine, pyridine, 
and, probably, piperidine, have been photosynthesised by the action 
of ultra-violet light of short wave-length on aqueous solutions of 
ammonia saturated with carbon dioxide, and photocatalytically 
synthesised by the action of visible light on ammoniacal solutions 
of cupric carbonate, saturated with carbon dioxide. 

In order to carry out the next step, namely, the photosynthesis 
of the coniine, greater reaction velocity is required. Solutions 
of ammonia and formaldehyde, 2M with respect to each, were 
exposed to ultra-violet light for six to ten days. The progress of 
the photosynthesis is the same in this case, since we have found that 
methylamine is the first product snd that pyridine can be detected 
subsequently. The formation of the coniine takes place after the 
production of the pyridine, and therefore it is doubtless synthesised 
by the action of the activated formaldehyde on pyridine. 

We consider that the present results support the conclusions 
drawn in the preceding paper. In this connexion it is important to 
note that when the ammonia—carbon dioxide solutions, after exposure 
to ultra-violet light, are evaporated under reduced pressure, the 
whole of the methylamine, pyridine, piperidine, and excess of 
‘ ammonia is distilled off and that the residual solution in the dis- 
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tilling flask contains no sugars or amino-acids. In our opinion, 
this militates against any proposal that the photosynthesis takes 
place along paths of greater complexity, such, for example, as that 
of amino-acids. Indeed, the results now brought forward would 
seem to confirm the views we expressed in the previous paper as 
to the simplicity of the photosynthesis which takes place when 
activated formaldehyde is produced in the presence of potassium 
nitrite or ammonia. 


In conclusion, we once again express our most cordial thanks to 
Dr. W. J. Dilling for his kindness in carrying out part of the physio- 
logical work and for the readiness with which he placed at our 
disposal his great knowledge of coniine and its differentiation from 
the other members of this group. 


Toe University, LIVERPOOL. [Received, October 19th, 1922.] 


XXIV.—The Velocity of Reaction in Mixed Solvents. 
Part IV. The Influence of the Base on the Velocity 
of Saponification of Esters. 


By ALBERT Eric CaSHMORE, Hamitton McComsiz, and HaroLp 
ARCHIBALD SCARBOROUGH. 


In previous communications (T., 1921, 119, 970; 1922, 121, 243, 
2308), a systematic study has been made of the reaction between 
the ethyl esters of typical aliphatic and aromatic monobasic acids 
and potassium hydroxide in a series of solvent media consisting 
of ethyl alcohol and water, and also of the effect due to a rise or 
fall in the temperature at which the reaction proceeds. The 
results showed that the curve exhibiting the relation between the 
velocity constant and the percentage composition of the solvent 
was divisible into not fewer than four linear phases; the points 
of intersection of these phases were usually well defined and corre- 
sponded with alcohol-water complexes of simple composition. 
These points of intersection were found to be independent of the 
nature of the ester, except in the case of the ortho-substituted 
aromatic esters, where one of the points of intersection became 
much more sharply defined and was found to occur at 62°5 per 
cent. of alcohol instead of at 59 per cent. of alcohol, as was the 
case with all other esters. The influence of a change of temperature 
of 30° was apparently to eliminate certain points of intersection 
and to introduce others, so that it would seem that certain com- 
plexes possessed little stability or that their effect was reduced to 
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such an extent that the methods employed failed to detect their 
presence. 

The effect of the temperature and of the ester on the velocity 
constant having been determined, it seemed of interest to examine 
the effect due to a change of base. Measurements have therefore 
been made of the velocity of reaction of the ethyl esters of an 
aliphatic, an aromatic, and an ortho-substituted aromatic acid with 
lithium hydroxide, with barium hydroxide, and with tetraethy]l- 
ammonium hydroxide at 30°. In the case of barium hydroxide, 
the solubility of the base in a solvent medium containing more 
than 40 per cent. of alcohol was so small that the reaction mixture 
became non-homogenous as the reaction proceeded and the value 


of the velocity constant was too irregular to have any exact | 


significance. 

An examination of the results shows that the curves have certain 
characteristics independent of the nature of the base, but the 
positions of the points of intersection of the phases are not common 
to all bases, and only in those phases which are common can the 
ratios kxou/kpa be calculated. In the following table are shown 
the results obtained for the three esters and bases examined : 


TABLE I. 
Ethyl benzoate. Ethyl isobutyrate. Ethyl o-bromobenzoate. 
Per cent. kon _kxou _ kxon kron : Axon _ Axon | 
alcohol. Kuion = Anxty-on krion kynyg-on kyon kyxty-0H 
90 1-07 1-40 1-16 1-51 1-54 3°14 
85 1-09 1-31 1-20 1-36 1-47 2-32 
80 1-15 1-38 1-22 1-41 1-66 2-35 
75 — 1-28 — 1-27 " ~ 
70 1-10 1-30 1-02 1-29 1-16 1-81 
40 1-20 1-26 1-00 1-10 1-14 1-25 
35 1-15 1-24 1-03 1-05 1-10 1-21 
30 1-04 1-25 1-11 1-28 1-00 1-31 
Mean 1-10 1-30 1-10 1-30 1-08 1-25 


The curve for ethyl o-bromobenzoate with potassium hydroxide 
appears ‘to be quite different from those obtained with the other 
bases, and a comparison is only possible over the one phase as shown. 

A closer consideration of the results and of the curves shows 
that the critical points for the three bases, examined in detail, 
are as follow : 


TABLE II. 

Base. Critical points (per cent. of alcohol) at 30°. 
ae 80°5 59* 30-5 
ih A a 81 46 a 
Ji: Somers re opes Pa 62—60 i a 


* For esters of ortho-substituted acids this value becomes 62-5. 
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The existence of the various linear phases has been verified by 
applying the method of mean squares to the experimental data, 
city ff} and, as will be seen from the following table, the discrepancy 
mine | between theory and observation is within the limit of experimental 
fore §f error. 


their 


f 
= TaB_e III. 

with 

hyl- Ethyl isobutyrate and Ethyl benzoate and 

ie lithium hydroxide. tetraethylammonium hydroxide. 

de, ee = : 

nore Per cent. Per cent. 

ture alcohol. Kos: Keite alcohol. Kove a 
80 0-076 0-073 45 0-179 0-177 

alue 70 0-114 0-119 40 0-230 0-229 

cact 60 0-168 0-165 35 0-287 0-286 
50 0-212 0-212 30 0-341 0-340 


ain The curves for lithium hydroxide at 30° show a marked similarity 
the # to those obtained with potassium hydroxide at 45°, where it was 
10n # shown that the value of & in 50 per cent. alcohol occurred in the 
the same phase as those in 80, 70, and 60 per cent. alcohol. The 
evidence points strongly to the existence of a complex represented 
by the formula C,H,;-OH,3H,O and having the composition 46 per 
cent. of alcohol. 

The curves obtained with tetraethylammonium hydroxide appear 
He, to combine the characteristics of those of lithium hydroxide and 
potassium hydroxide in that a marked discontinuity occurs at 60 per 
cent. of alcohol as well as at 46 per cent. of alcohol. 

It is thus seen that the points of intersection occurring at 80 and 
30 per cent. alcohol are independent of the nature of the base, 
of the ester, and of the temperature. On the other hand, the 
points of intersection at 62°5, 59, 46, and 39 per cent. alcohol are 
dependent on the temperature and the nature of the ester or of the 


base. 

The results obtained with barium hydroxide are of too low an 
le order of accuracy to make a detailed study possible; they are, 
of however, sufficiently accurate to show that the base is twice as 
. reactive as potassium hydroxide in solvents containing a high 
8 percentage of alcohol, and that as the percentage of water is 
l increased the reactivity decreases until it is nearly the same as 


that of potassium hydroxide. 


Tas_eE IV. 
Ethyl p-chlorobenzoate and barium hydroxide. 
Percent. alcohol ... 85 80 70 60 40 35 30 


Rneebnesoatty ««+..+-00000 0-43 0-54 0-62 0-72 0-77 0-72 0-82 
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The results recorded in this and in the previous communications 
(loc. cit.), and also data relating to the physical properties of ethy| 
alcohol—water mixture:, seem to show that we are dealing with 
effects due to the solvent existing as an equilibrium mixture of 
which one component is an alcohol—water complex. 

It might be expected that the existence of these alcohol—water 
complexes would be shown by the saponification of any ester by 
a base in alcohol—water mixtures, irrespective of the nature of 
the base; but this does not appear to be the case. If it is assumed 
that the reaction is promoted by the hydroxyl-ions of a base—in 
equivalent dilutions, the concentration of hydroxyl-ions will not 
be greatly different for strong bases—then the effect of the alcohol- 
water complex should be shown in the presence of any strong base. 
Thus the possibility of the saponification of an ester being due 
mainly to the presence of hydroxyl-ions appears to be eliminated. 
In this connexion, it is interesting to note that Acree (J. Amer, 
Chem. Soc., 1915, 37, 1902, 1909; 1917, 39, 376) finds that even in 
absolute ethyl alcohol the reaction between dinitrobenzene or an 
alkyl haloid and a base is partly ionic in character. 

The alternative explanation seems to be that the reaction is 
molecular and that the different results found with the three bases 
are due to some loose combination of the base and the alcohol- 
water complexes; each base may be supposed to exert a selective 
action upon the alcohol-water complex with which it enters into 
combination. 

A noticeable feature of the work described in this paper is the 
order found for the reactivity of the bases; the reactivity decreases 
as we pass from barium hydroxide, potassium hydroxide, lithium 
hydroxide, to tetraethylammonium hydroxide. Measurements of 
the relative strengths of bases in aqueous solution by a comparison 
of the rates at which an ester is saponified have been carried out 
(Reicher, Annalen, 1885, 228, 257; 1886, 232, 103; Bugarsky, 
Z. physikal. Chem., 1891, 8, 398) and the order in decreasing stages 
of reactivity is: lithium hydroxide, potassium hydroxide, barium 
hydroxide, and tetraethylammonium hydroxide. 

It seems desirable at this stage to offer some explanation of these 
results. 

The equation representing the reaction between the ester of a 
monocarboxylic acid and a base is usually represented as 

R:CO,R’ + MOH = R-CO,M + R’OH, 
which is entirely inadequate as an explanation of the mechanism 
of the reaction in solvents consisting of alcohol—-water mixtures. 

Under these conditions, the mechanism of the reaction may be 
represented by two alternative sets of equations : 


{HE VELOCITY OF REACTION IN MIXED SOLVENTS. PART Iv. 201 


(a) -OH’ + EtOH == -OEt’ + H,O 

1. (b) R-CO,Et + -OH’ = R-CO-0’ + EtOH 
(c) RCO,Et + -OEt’ = R-CO-0’ + Et,0 
(a) EtOH + MOH — EtOM a. H,0 


O 


2. (b+) RCL +MOH = nexome OH = a 4 EtOH 


NOEt NOEt ‘OM 


J? / OM ZO 

(c) RC -+- EtOM = R-C—OEt = R:C-OM + Et,O 
NOEt \OEt 

where R is an alkyl or aryl radicle and M is an electropositive 

radicle. 

In order to bring the results into accord with the first series of 
equations, it must be assumed that, in equivalent dilute solutions 
of barium hydroxide and potassium hydroxide, the concentration 
of the negative or active ion of the former base is twice that of 
the latter. In very dilute aqueous solutions, however, the con- 
centration of hydroxyl-ion will be nearly the same for both bases ; 
therefore in ethyl alcohol, a solvent of lower ionising power, the 
weaker base would be less highly ionised than the stronger base. 
These two conflicting statements may be brought into agreement 
if two possibilities are conceded : 

(1) That the hydroxyl-ion is considerably more reactive than the 
ethoxyl-ion. 

This possibility is in agreement with the experimental evidence. 

(2) That the balanced reaction 1(a) proceeds so much further 
towards the right in the case of potassium hydroxide than in the 
case of barium hydroxide that the concentration of hydroxyl-ions 
in the latter case is some two to three times that in the case of 
potassium hydroxide. 

The second series of equations assumes that the reaction pro- 
ceeds in stages, the first of which is a slow bimolecular reaction 
resulting in the formation of a complex, which then decomposes 
more rapidly and in accordance with an equation for a unimolecular 
reaction. The isolation of a complex of this nature by von Pech- 
mann (Ber., 1898, 31, 501) lends support to this view. As is 
evident from equation 2(c), the reaction is complicated by the 
formation of a metallic ethoxide; the extent to which this takes 
place in any alcohol—-water mixture is not known, neither is there 
any precise knowledge of the relative rates of decomposition of the 
complexes indicated in equations 2(b) and 2(c), but it is believed 
that the latter complex breaks down much more slowly than the 
former (vide Gennari, Gazzetta, 1896, 26, i, 231; Kremann, Monatsh., 
1905, 26, 279). 
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The reactivity of the various hydroxides in ethyl alcohol—watey 
mixtures is thus apparently a measure of the amount of free hydr. 
oxide present as such in the solution or, alternatively, a measure 
of the hydroxyl-ion concentration. From the results it may be 
deduced that the relative reactivities of the bases in aleohol—water 
mixtures containing a high percentage of alcohol are 


KOH : LiOH : Ba(OH), : NEt,OH = 1 : 0°9 : 2°3 : 0°78. 


If a correction is made for the relative strengths of the bases in 
aqueous solution, these values become 


KOH : LiOH : Ba(OH), : NEt,-OH = 1: 0°9 : 2:2: 0°9. 


The amount of free hydroxide present in the alcohol—water mixtures | 


should be nearly proportional to the first series of numbers; the 
relative rates of reaction of the bases with a given ester should 
be nearly proportional to the second series of numbers. 

There is some difficulty in testing the above suppositions in the 
case of ethyl alcohol, but indirect evidence may be obtained from 
the work of Cajola (Gazzetta, 1900, 30, i, 233); in this work, a 
study was made of the velocity of reaction between methyl acetate 
and various bases in equivalent concentrations in absolute methyl 
alcohol. The reaction was found not to be strictly bimolecular, 
and appeared to cease before the ester was completely saponified. 
The amount of ester saponified by one equivalent of the following 
bases was : 


.NaOH NH, KOH NMe,OH Ba(OH), 
13 23 26 32-5 52 


No explanation of these figures was put forward, but it seems 
possible that they represent the amount of free hydroxide present, 
and that the reaction ceases for one of the following reasons : 

(a) The complex formed between the methoxide and the ester 
in methyl alcoholic solution is very stable compared with the 
analogous complex formed in ethyl alcoholic solution. 

(6) The equilibrium represented by the equation CH,-OH + 
MOH = CH,°OM -+ H,0O is incapable of readjusting itself with 
sufficient speed for the reaction to proceed to a conclusion or even 
to appear as a truly bimolecular reaction, owing to the extreme 
stability of the methoxide. 

The work of von Pechmann tends to confirm (a) and this is 
supported by the fact that the complex formed between ethyl 
benzoate and potassium hydroxide is so unstable that it cannot 
be isolated under conditions comparable with those employed with 
the corresponding methyl complex. 
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Making these assumptions, it is possible to obtain the following 


figures representing the relative amount of hydroxide present as 
such in methyl-alcoholic solution : 


KOH : Ba(OH), : NMe,-OH = 1: 2: 1°25. 


If a correction is made for the relative strengths of the bases in 
aqueous solution, the following figures are obtained : 


KOH : Ba(OH), : NMe,-OH = 1: 1°9: 0°9. 


This series shows remarkable agreement with the results ‘obtained 
in ethyl alcohol—water mixtures, but too much significance must 
not be attached to these figures, as comparisons depending on 
analogous properties of methyl and ethyl alcohols are not always 
trustworthy. 

It seems possible that an extension of the work of Cajola might 
yield evidence as to the validity of some of the views which have 
been put forward. Some preliminary experiments have already 
been carried out and these tend to confirm Cajola’s results. 


ExPERIMENTAL. 


The solvents and the esters were prepared in the usual manner. 
The experiments with lithium hydroxide were carried out in the 
manner described for potassium hydroxide; the lithium hydroxide 
was an A.R. specimen. The experiments were carried out at 30°. 

The tetraethylammonium hydroxide was obtained as a 10 per 
cent. aqueous solution from two sources (Kahlbaum, Schuchardt). 
An alcohol—water solution of the base was made by taking a known 
weight of an alcohol—water mixture containing a higher percentage 
of alcohol than that to be used in the experiment and adding 
from a burette the quantity of a 10 per cent. aqueous solution 
of the base required to reduce the percentage of alcohol to that 
to be used in the experiment. From a determination of the density 
of the aqueous solution of the base, it was calculated that 10 c.c. 
of the solution corresponded with 10 grams of water. The normality 
of the base in this solution was then determined by titration and 
the mixture was diluted, if necessary, by adding an alcohol—water 
mixture containing the same percentage of alcohol. 

Under the same conditions, the two samples of the 10 per cent. 
solution of the base gave identical results. It was shown by 
control experiments that this method of preparing the alcohol— 
water solutions of the tetraethylammonium hydroxide gave results 
well within the experimental error. 

The alcohol—water solutions of barium hydroxide were made by 
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gently boiling the solvent with an excess of the base, cooling, and § 
drawing the supernatant liquid through a glass wool filter into a 
storage vessel. Measured quantities of the solution were obtained 
by means of a burette connected with the storage vessel. Through. 
out the various stages, the solution was protected from contamin. 
ation with carbon dioxide by means of soda-lime tubes. A control 
experiment showed that the ethyl alcohol—water mixtures sub. 
jected to these processes suffered no appreciable change in density. 
The results are shown in the following tables and curves : 


TABLE V. 
Lithium hydroxide and ethyl benzoate. 


Per cent. Limit 

alcohol. CLiOH- Cester- Ue k. 
90 0-05370 0-02500 0-0435—0-047 0-0455 
85 0-04675 0-03333 0-056—0-060 0-058 
82-5 0-04667 0-02917 0-059—0-064 0-063 
80 0-:04721 0-03333 0-072—0-077 0-074 
70 0-05721 0-02222 0-104—0-112 0-108 
60 0-05340 a 0-131—0-145 0-136 
55 0-04062 0-01875 0-146—0-154 0-150 
50 0-03946 0-01644 0-156—0-169 0-163 
47-5 0-04096 0-01666 0-195—0-21 0-200 
45 0-04330 0-01875 0-195—0-23 0-210 
42-5 0-03880 0-01666 0-217—0-230 0-225 
40 0-04155 - 0-237—0-249 0-241 
35 0-03495 aa 0-30—0-325 0-31 
30 0-05236 xe 0-405—0-43 0-41 
25 0-01091 0-00453 0-72—0-76 0-745 
20 0-00777 0-00429 1-03—1-23 1-12 

TABLE VI. 
Lithium hydroxide and ethyl isobutyrate. 

Per cent. Limit 

alcohol. CLiOH: Catan k. k. 
90 0-05370 0-02500 0-042—0-0445 0-043 
85 0-04675 0-03333 0-058—0-062 0-059 
82-5 0-06403 0-03479 0-069—0-0735 0-0715 
80 0-06164 0-03333 0-0745—0-0785 0-076 
70 0-04314 0-02777 0-109—0-118 0-114 
60 0-06261 0-02222 0-162—0-173 0-168 
55 0-03802 0-01666 0-180—0-195 0-187 
50 0-04590 ‘ 0-207—0-215 0-212 
47-5 0-03905 0-01875 0-267—0-281 0-275 
45 0-03739 0-01666 0-280—0-312 0-295 
42-5 0-03880 - 0-315—0-33 0-32 
40 0:02066 0-01111 0-345—0-365 0-355 
35 0-03495 0-01666 0-415—0-44 0-42 
30 0-05238 - 0-51—0-55 0-53 
25 0-01091 0-00453 0-77—0-86 0-82 
20 0-00777 0-00429 1-03—1-23 1-12 
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Per cent. 

alcohol. CLiOH- 
90 0-06533 
85 0-04967 
82-5 0-06403 
80 0-06164 
70 0-04314 
60 0-06261 
55 0-03802 
50 0-03907 
47-5 0-04096 
45 0-03739 
42-5 0-03880 
40 0-02066 
35 0-:02620 
30 0-02924 


Per cent. 

alcohol. CNEtg-OH- 
90 0:02697 
85 0-03235 
82-5 0-03031 
80 0-04554 
75 0:04178 
70 0-04981 
65 0-04793 
60 0-05194 
55 0-04082 
50 0-04445 
47-5 
45 0-04574 
40 0-03701 
35 0-02276 
30 0-02078 
25 0-00778 
20 0-00706 


0-03955 


0-03955 


Cester- 
0-03333 


0-03479 
0-03333 
0-02222 


0-01666 


0-00833 
0-01111 


Cester+ 
0-02222 
0-02500 


0-02272 
0-02500 
0-02222 
0-01666 


0-01666 
0-01333 
0-01111 
0-00458 
0-00409 


0:02222 
0-02500 


0-02222 
0-01666 


0-02222 
0-02500 
0-01666 
0-01333 
0-01111 
0-00458 
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TaBLeE VII. 
Lithium hydroxide and ethy] o-bromobenzoate. 
Limit 
k. k 
0-056—0-060 0-059 
0-065—0-069 0-068 
0-0795—0-085 0-080 
0-0795—0-084 0-0815 
0-102—0-114 0-106 
0-118—0-132 0-126 
0-127—0-136 0-130 
Pie 0-130—0-144 0-139 
. 0-154—0-168 0-160 
7a 0-163—0-182 0-173 
0-178—0-186 0-184 
0-185—0-205 0-192 
0-221—0-240 0-234 
fd 0-31—0-34 0-33 
TaBLeE VIII. 
Tetraethylammonium hydroxide and ethy! benzoate. 
Limit 
k. k. 
0-0315—0-0335 0-0325 
0-0475—0-050 0-0485 
a 0-054—0-057 0-0555 
0-058—0-064 0-0615 
0-070—0-074 0-073 
0-080—0-083 0-0815 
0-092—0-095 0-094 
0-119—0-127 0-124 
0-128—0-132 0-130 
0-136—0-141 0-139 
0-156—0-165 0-161 
0-173—0-185 0-179 
0-221—0-239 0-230 
0-270—0-290 0-280 
0-33 —0-355 0-34 
0-50—0-54 0-52 
0-785—0-82 0-80 
TABLE IX. 
Tetraethylammonium hydroxide and ethyl isobutyrate. 
Per cent. Limit 
alcohol. CNEty-OH- Cester+ ve k. 
90 0-02697 0-032—0-0335 0-0325 
85 0-032: 0-:051—0-0525 0-052 
82-5 0-03031 is 0-:0575—0-060 0-059 
80 0-02719 ee 0-065—0-068 0-066 
75 0-04178 ee 0-079—0-083 0-082 
70 0-04556 = 0-089—0-093 0-090 
65 0-04793 0-108—0-114 0-110 
60 0-05194 0-144—0-153 0-148 
55 0-04082 0-166—0-173 0-170 
50 0-04445 0-185—0-192 0-190 
47-5 0-214—0:-226 0-221 
45 0-03430 0-235—0-248 0-245 
40 0-03701 0-31—0-325 0-320 
35 0-02276 0-39—0-415 0-405 
30 0-02078 0-45—0-48 0-47 
25 0-00778 0-675—0-70 0-69 
20 0-00947 0-84—0-865 0-85 
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PART Ivy, 


TABLE X. 


Tetraethylammonium hydroxide and ethyl] o-bromobenzoate. 


Per cent. Limit 
alcohol. CNEt,-OH: Caaniir k. k. 
90 0-02697 0-02222 0-028—0-030 0-029 
85 0-03235 0-02500 0-042—0-044 0-043 
82-5 0-03031 0-0485—0-052 0-051 
80 0-02719 ‘ 0-052—0-054 0-0525 
75 0-04166 Se 0-0625—0-065 0-064 
70 0-05588 sie 0-0675—0-0705 0-0685 
65 0-04711 0-03333 0-077—0-080 0-0785 
60 0-05194 0-02222 0-094—0-098 0-097 
55 0-04082 0-01666 0-099—0-103 0-101 
50 0-02976 0-02222 0-101—0-107 0-104 
47°5 0-03955 si 0-121—0-126 0-124 
45 0-03430 0-02500 0-132—0-139 0-134 
40 0-02776 0-01250 0-175—0-185 0-180 
35 0-02171 0-01111 0-21—0-23 0-215 
30 0-02078 0-00833 0-24—0-26 0-245 
Fic. 1. 
; | 
xX 0-24 - b 
| = 0°31 
x i | 
d 
S 0-18 - . 
4 bn 
| 10-23 5 
a i] 
3 oS) 
Sy ~—- 5S 
Me ae E Saat ra 3 
5 PP alll wae 8 
= al a 7 70°15 § 
= rer 3 
5 0-06 =~ fs 
“4 . mY; 
70 60 50 40 


Per cent. alcohol. 


Summary. 


1. The reaction between the ethyl esters of certain monobasic 
acids and certain hydroxides in a solvent consisting of alcohol and 
water is found to be of the second order and independent of the 
concentrations. 

2. Under the same conditions, the velocity of reaction decreases 
as the base is changed in the following order: Barium hydroxide, 
potassium hydroxide, lithium hydroxide, tetraethylammonium 


hydroxide. 
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3. The relative velocities of reaction are not in agreement with 
the relative strengths of the bases in aqueous solution, but appear 
to be some function of their relative strengths and of their power 
to form ethoxides. 

4. The curve exhibiting the relation between k and the com- 
position of the solvent shows certain common characteristics for 
all the bases examined. The critical points corresponding with 
alcohol-water complexes are not identical for all bases. 

5. The alcohol-water complexes represented by the compositions 
80 and 30 per cent. of alcohol are independent of the nature of the 
ester, base, and of the temperature. 


The authors wish to thank the Royal Society for a grant which 
has enabled this work to be carried out; one of us (A. E. C.) is 
indebted to the Department of Scientific and Industrial Research 
for a grant, for which he desires to express his thanks. 
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XXV.—Castelamarin—A Bitter Principle from Castela 
Nicholsoni. 
By Louis PrerRe BosMAN. 


It has already been shown that castelamarin occurs, together 
with the glucoside castelin, in Castela Nicholsoni (T., 1922, 121, 970). 
Prof. George Barger kindly presented the author with a few specimens 
of impure castelamarin. After a prolonged series of experiments 
it was found that the substance was best purified either from 60 per 
cent. alcohol or by dissolving it in warm water to which a few 
drops of caustic soda solution had been added and reprecipitating 
it with dilute hydrochloric acid. ‘The author found that the latter 
process gave a better yield. 


EXPERIMENTAL. 

0-5 Gram of the impure castelamarin, when dissolved in warm 
alcohol, yielded 0-31 gram of the pure substance, which crystallised 
in aggregates of thin needles. Repeated attempts to recover a 
further quantity from the mother-liquors were without result. 
0:2710 Gram of the impure substance was dissolved in 10 c.c. of 
warm water to which three drops of 40 per cent. sodium hydroxide 


were added. It was slowly reprecipitated by a little dilute hydro- 
12 
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chloric acid. The product resembled that obtained by purification 


with alcohol, but was still slightly yellow. 


The process was 


therefore repeated, and the product finally treated with a little 


animal charcoal ; 


yield 0-22 gram. 


Since it is possible that castelamarin undergoes a change when 
it is treated with sodium hydroxide, the two purified products were 


carefully compared. 


Castelamarin purified from alcohol. 


(a) Crystals needle-shaped, m. p. 
265—267° 

(6) No loss on being dried in a 
vacuum or at 120°. 

(c) Excessively bitter, and gave a 
deep blue colour with conc. H,SO, 


Castelamarin purified from alkali. 


Crystals needle-shaped, m. p. 267— 
269°. 

No loss on being dried in a vacuum 
or at 120°. 

Behaved in an exactly similar 
fashion. 


which faded to a brown tint after a 
few minutes. 

(qd) Found: in dried material, 
C = 63:3, 63-4; H = 8-0, 8-2. 

(e) Molecular weight, determined 
in glacial acetic acid, = 176-6. 
C,H,,0; requires C = 63-5; H = 8-2 
per cent.; M = 170. 


Found: in dried material, C = 
3°7, 63:8; H = 81, 8-0. 
M, similarly determined = 174-3. 


It would therefore appear that there is no real difference in the 
two products. 

A methoxyl estimation by Zeisel’s method gave OMe = 168. 
C,H,,0,(OMe) requires OMe = 18-2 per cent. 

Attempts were made to split off the methoxy-group with hydro- 
bromic acid, hydrochloric acid (15 per cent. under presure), and 
also with alcoholic potash, but without success. The failure is 
regrettable because it would be of interest to compare the product 
with castelagenin, which differs from castelamarin in composition 
by only two atoms of hydrogen. It is not improbable that the 
glucoside is chemically related to the “ bitter principle.’ It has 
already been shown (loc. cit.) that castelagenin is an ardmatic 
lactone, and that it yields a dicarboxylic acid on oxidation. 

Accepting (I) as a possible formula for castelagenin, it is 
reasonable to suggest (II) as a formula for castelamarin. 


’ CH-OH CH-OCH, 
Re ore ee his 7%, H 
CHyHC/*-}C-— Sco H.0/ Ne Sco 
H,C\ /C” ; CH, *“\/H_ CHa 
CH, | CH 
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The molecule, on breaking up (when oxidised) along ab, would 
give rise to a dicarboxylic acid—possibly a substituted succinic 
acid. 

Hydrolysis of Castelamarin.—Purified castelamarin (1-48 grams) 
was heated under reflux for four hours with 120 c.c. of 2} per cent. 
sulphuric acid. Within forty-five minutes the substance had 
completely dissolved. ‘The solution was extracted three times with 
70 c.c. of ether. The extracts leit a resinous residue interspersed 
with crystalline leaflets. Further extractions with chloroform 
yielded practically nothing. Numerous solvents and mixtures 
of solvents were tried as crystallising media for this residue, but 
from ethyl acetate alone was it possible to obtain a minute quantity 
of a needle-like, crystalline product, which melted at 166—168°, 
gave no coloration with concentrated sulphuric acid, and was 
soluble in alcohol, ethyl acetate, or warm chloroform. 

The acid solution from the ethereal and chloroformic extractions 
was neutralised with barium hydroxide, and the clear filtrate 
examined; save the fact that it had powerful reducing properties, 
nothing can be reported. 

Oxidation of Castelamarin.—Experiments with acid and alkaline 
potassium permanganate and with dilute nitric acid (1:3) showed 
that the last is the best oxidising agent. Castelamarin (0-4 gram), 
heated on the water-bath with 10 c.c. of dilute nitric acid, dissolved 
in about fifteen minutes. The cooled solution was neutralised 
and extracted with chloroform. The residue after evaporation 
of the solvent was most conveniently recrystallised from 80 per 
cent. alcohol, from which it separated in well-defined needles, which 
melted at 238-240°, developed no coloration with concentrated 
sulphuric acid, and did not give the fluorescein reaction. The 
quantity of material was too small for further examination. 

Pharmacological Action of Castelamarin.—A series of experiments 
on isolated tissues and tissues in situ were tried, but almost all 
the results were negative. Strengths of solutions up to 1: 500 
were used, but had no effect on the isolated intestine and uterus 
of a non-pregnant cat. The increase in tone was so small as to 
be practically negligible. 

The most striking effect of a perfusion of an isolated mammalian 
heart with a 1 : 2000 solution of castelamarin was the constriction 
of the coronary vessels. This was indicated by the great retarda- 
tion of the coronary outflow, which was reduced to one-third or 
less. 

The only conclusions to be drawn from these and other experi- 
ments are that castelamarin is a substance of low toxicity and of 
only slight pharmacological activity. 
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XX VI.—The Speed of the Uniform Movement of Flame 
in Mixtures of the Paraffins with Air. 


By WaAtTER Mason. 


THE series of determinations recorded in the present paper, on the 
speed of the ‘‘ uniform movement ”’ of flame in mixtures of methane, 
ethane, propane, butane, and pentane, respectively, with air, 
were made at the request of Professor Wheeler, who required 
accurate information as to the composition of the mixtures of 
each hydrocarbon with air which would yield the maximum speed 
of uniform movement of flame under standard conditions of experi- 
ment. Similar determinations had been made by Payman (T., 
1919, 115, 1446), using the so-called ‘“‘ screen-wire ’? method of 
recording flame velocities; it was desired to check these results 
by means of the more accurate photographic method. Each 
method is trustworthy, and the former is sufficiently accurate for 
most purposes, being at the same time easier to employ, in many 
instances, than the photographic method. The photographic 
method enables an accurate analysis to be made of the behaviour 
of the flame and is an extension of that devised by Mallard and 
Le Chatelier, who photographed the movements of such flames 
as possessed a high actinic value on a sheet of gelatino-bromide 
paper wrapped round a rapidly revolving drum. For the extension 
of the method to enable flames of low actinic value to be photo- 
graphed, a brass tube was constructed holding a window or slit 
of quartz, 30 cm. long, and a quartz lens was employed to focus 
the slit on-a rapidly revolving sensitised film. 

The tube, a portion of which is shown at the foot of Fig. 1, is 
5 cm. in diameter, and it is divided up accurately into sections 
of various lengths which can be joined together, forming a total 
length of 2.4 m. Two 20 em. lengths each hold a quartz strip, 
15°5 cm. long, 1:5 cm. wide, and 3 mm. thick, which covers an 
aperture, 15 cm. long and 1 cm. wide, cut in the section. The 
end of each section of the tube is flanged, and fitted with an inter- 
changeable spigotted joint, which ensures a uniform surface. Each 
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flange is carefully faced, so as to form a perfectly gas-tight joint, 
when slightly greased, with the flanged surface of any other section, 
and the sections can be secured together by size 10 B.A. nuts and 
bolts, six to each joint. 

The two sections holding the quartz windows when bolted 
together form a section 40 cm. long, having a window 30 cm. long 
and 1 cm. wide divided at the centre by the flange joint 1 cm. 
wide. This division throws a shadow on the film, which, when 
the film is moving, is reproduced as a black line and forms a con- 
venient base for’the measurement of the angle produced by the 
combined effects of the horizontal movement of the flame and the 
vertical movement of the film. The method of providing an open 
end to the tube (as required when the uniform movement of flame 
is to be measured) is similar to that described in a previous com- 
munication (T., 1914, 105, 2410); a brass plate, holding a tubulure 
for the admission of the mixture, and forming when greased a 
gas-tight joint with the flange of any section, can be gently slid 
to one side just before ignition. It will be apparent that the 
interchangeability of the various sections enables photographs to 
be taken of any stage of the progress of the flame (over a distance 
of 30 cm.) at any desired situation along the tube; so that, by using 
a mixture of constant composition and maintaining a constant 
length of tube, a succession of photographs can be obtained which, 
when placed together, will reproduce the manner of propagation 
of flame throughout the whole tube. By these means Mason and 
Wheeler obtained the photographs reproduced in T., 1920, 117, 
46, Plate 1. 

The camera used for photographing the flames consists of a light- 
tight box furnished with a quartz lens, and containing a drum for 
the reception of the film, which can be revolved at any desired 
speed. The focal length of the lens is 17 cm., its diameter being 
13 cm., and its position is so fixed in the camera that the size of 
the image obtained on the film is one-quarter that of the object. 
The drum takes a length of 47 cm. of film and is 10 cm. wide. Its 
spindle projects through light-tight bearings on each side of the 
camera, and carries at one end a pulley to receive the drive of an 
electric motor. 

The method of timing the rate of revolution of the film is to allow 
the sparks which occur at the mercury break of an electrically 
operated tuning-fork (50 vibrations per second) to focus themselves 
through a slit in the back of the camera, on the moving film, so 
that they fall on the shadow cast by the 1 cm. flange which 
separates the quartz windows in the explosion tube (see Fig. 1). 
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The Uniform Movement of Flame in Mixtures of the Paraffins with 
Air. 

Using the brass tube and the camera as described, the speeds 
recorded in Table I were obtained. The sections of the tube 
containing the windows were the first two sections, and the tube 
was 2m. long. The flame was photographed after it had travelled 
5 cm. from the open end, where the mixtures were ignited by a 
diaphragm of flame passed across it. 

The results are shown diagrammatically, as speed—percentage 
curves, in Fig. 2, and a reproduction of one of the photographs is 
given in Fig. 1 (ethane, 6°05 per cent.). 
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The speeds of the uniform movement of flame in this series of 
mixtures were determined by Payman (loc. cit.), using a glass tube 
2°5 cm. in diameter, by the screen-wire method. The figures 
recorded by him for the mixtures in which the speed of flame was 
fastest are given in the table that follows (Table II), for comparison 
with those obtained in the present research. 

The differences are not very great, although for the particular 
purpose for which the results were required they are of importance. 
It will be realised that the photographic method is more accurate 
than the screen-wire method, if only for the reason that one can 
rest assured that only the “ uniform movement ”’ has been included 
in the calculations of speeds, and not, as sometimes may occur with 
the screen-wire method, part of the “ vibratory movement ”’ also. 
Nevertheless, the last-named method is very useful, and there are 
already on record a number of determinations for different inflam- 
mable gases obtained by its means and directly comparable because 


Mi: 


OF FLAME IN MIXTURES OF THE PARAFFINS WITH AIR. 213 


TABLE LI. 


Speed of uniform movement of flame in mixtures of the paraffin 


eds hydrocarbons with air in a horizontal brass tube 5 cm. in 
Abe diameter. 
ibe 
led Methane. Ethane, Propane. 
ra Speed Speed Speed 
Per cent. in cm. Per cent. in cm. Per cent. in em. 
in air. per sec. in air. per sec. in air. per sec. 
ge 5°95 34. C«(<«w 3°45 6 * 2-90 45 
is 6°33 40 4:36 05 3-66 80 
7-03 49 5-15 88 4-21 110 
8-12 66 5-46 116 4-47 114 
9-00 84 5°84 125 4-50 114 
9-53 91 6-05 127 4-90 106 
~ 10-12 90 6°32 125 5:29 90 
10-64 84 6-72 117 5-80 64 
11-44 64 7-20 107 7:15 34 
| 12-7, 35 7:71 81 
| 13-3 2 9-00 42 
= 10-07 31 
- Butane. Pentane. 
Per cent. Speed in cm. Per cent. Speed in cm. 
in air. per sec. in air. per sec. 
| 1-91 30 1-59 ii? 
| 2-25 48 2°35 56 
2-93 69 2°55 90 
3°38 99 2°87 115 
3°56 113 3°15 107 
3-73 112 3°44 91 
| 4:27 75 3-58 70 
5-13 40 4-32 4] 
5-91 28 


* These mixtures did not allow flame to propagate throughout the tube. 


TABLE IT. 


} Mixtures in which speed of uniform movement of flame is fastest. 


Per cent. in air. 
As determined by 


As determined screen-wire method 
Gas. photographically. (Payman). 
PEED cnr sweninnpiesese 9-65 9-50 
SES opcivudocucuwsesesn 6-05 6-50 
PING: sicccssoscesescenss 4-45 4-70 
PND. ncivarcaneenawienss 3°65 3°65 
PS sasecicccvenceiGuc 2-90 3-00 


made under identical conditions in a glass tube 2°5 cm. in diameter. 
All the determinations were made in this laboratory. They are: 
hydrogen (Haward and Otagawa, T., 1916, 109, 85); methane 
(Mason and Wheeler, T., 1917, 144, 1044); acetylene (Mason and 
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Wheeler, T., 1919, 115, 578); carbon monoxide, ethane, propane, 
butane, and pentane (Payman, T., 1919, 115, 1452); and ethylene 
(Chapman, T., 1921, 119, 1677). 


THE Mines DEPARTMENT EXPERIMENTAL STATION, 
EsKMEALS, CUMBERLAND. [Received, September 19th, 1922.] 


XXVII.—The System Tin—Arsenic. 


By Qasmm ALI MANSURI. 


SEVERAL compounds of tin and arsenic are described in chemical 
literature. Spring (Ber., 1883, 16, 324), by submitting tin and 
arsenic to high pressure, obtained a substance to which he gave 
the formula Sn,As,. Headden (Amer. J. Sci., 1898, [iv], 5, 95; 
Proc. Colorado Sci. Soc., 1901, 6, 80) described some crystals, obtained 
from a Cornish tin mine, of a tin arsenide, to which he gave the 
formula Sn,As; he commented on the difficulty of separating these 
crystals from globules of tin. Stevanovic (Z. Kryst. Min., 1905, 
11, 326) measured Headden’s crystals and found that the angles 
of crystals of the arsenide Sn,As, lie between the corresponding 
values for the arsenide Sn,As and arsenic. Groth (‘‘ Chemische 
Krystallographie,’”’ 1906, I, 66) corrected his erroneous chemical 
formula. 

Stead (J. Soc. Chem. Ind., 1897, 16, 200) found that tin at about 
800° alloyed with as much as 43 per cent. of arsenic, but on prolonged 
heating at higher temperatures much of the arsenic was volatilised. 
He also made a micrographic study of the alloys. In the alloys 
containing between 0°05 per cent. and 10 per cent. of arsenic, 
hard plates appear in the polished sections as straight white lines, 
which are really sections of flat plates. When an alloy containing 
99°5 per cent. of tin and 0°5 per cent. of arsenic is cooled very 
slowly, crystals are concentrated in the upper layers, and below 
is the parent-substance practically free from these crystals. 
The crystals of an arsenide of tin, thus separated, were examined 
microscopically. They were quite large and therefore some of 
their physical properties could be easily studied. It does not 
appear from Stead’s work that thermal results of much importance 
were obtained. It is mentioned, however, that the melting point 
of the separated parent substance was 232°, and that the final 
thermal arrest during solidification of the alloys containing, respec- 
tively, 5, 10, and 20 per cent. of arsenic was also 232°, which is 
identical with the melting point of pure tin. Thus the parent 
substance was shown to be pure tin and not a eutectic of tin and 
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arsenic. Several crops of crystals of the arsenide were prepared 
and analysed, with results which indicated the formula Sn,Asp. 

Jolibois and Dupuis (Compt. rend., 1911, 152, 1312) seem to have 
made the first systematic thermal study of the system up to about 
50 per cent. of arsenic. They report the existence of two compounds, 
Sn,As; and SnAs. The thermal results obtained, however, are 
not very trustworthy. 

According to the thermal investigation made by Parravano 
and de Cesaris (Rend. R. Accad. Lincei, 1911, [v], 20, 593; Gazzetta, 
1912, 42, i, 274) the melting point of tin is raised by the addition 
of arsenic, and the curve of the melting points of the alloys rises, 
at first steeply and then more slowly, to the limit reached in the 
experiment. Their curve is more or less a continuous one and has 
no breaks or sharp maxima. Three horizontals are found in the 
diagram. The first, at a temperature corresponding with the melting 
point of tin, runs from pure tin to an alloy containing about 30 
per cent. of arsenic. The second runs from that alloy to another 
containing about 40 per cent. of arsenic, and the third is between 
the 40 and 50 per cent. alloys. Parravano and de Cesaris have 
inferred from these three horizontals the existence of the compounds 
Sn,As, and SnAs. The region of existence of the compound SnAs 
is somewhat restricted and the compound is dissociated on fusion. 

The work mentioned above appears to be all that has been 
published on this subject. There is no doubt that the study of 
a system containing arsenic is quite an intricate one and many 
experimental difficulties have to be faced, partly because many 
of the properties of the element itself have not been satisfactorily 
investigated (even the melting point of arsenic is not known with 
certainty and there is very little information available about its 
different allotropic forms) and partly because in ordinary circum- 
stances arsenic passes from the solid to the gaseous state at about 
450° (Roscoe and Schorlemmer, “‘ A Treatise on Chemistry,” 1905, 
I, 673). Thus, owing to the volatile nature of arsenic, it becomes 
very difficult to work with it at higher temperatures. Most of 
the systems containing arsenic have therefore been studied up to 
about 50 per cent. of arsenic only. 

The author has made a complete study of the system tin—arsenic 
from pure tin to practically pure arsenic, and his diagram is the 
first complete one of an arsenic system. The investigation has 
satisfactorily and completely solved the problem of the interaction 
of tin and arsenic and verified work previously done, and it is 
hoped that it will remove the doubts of chemists and metallurgists 
as regards any other possible compounds of the two elements. 
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EXPERIMENTAL. 


Preparation of Alloys ——The alloys were prepared in Ullmann 
tubes as has been fully explained in the author’s paper on the 
system thallium—arsenic, presented at the 1922 autumn meeting 
of the Institute of Metals. 

Very pure tin and doubly sublimed arsenic were used. The 
quantity of alloy that could be prepared in one operation did not 
exceed 20 to 30 grams, as the coarsely powdered arsenic occupied 
much space, and the unusually long tube thereby rendered necessary 


Fie. 2. 


Showing the method of taking cooling curves. 


Fic. 1.—Preparation of the glass tubes in which the alloys were heated. 

Fic. 2.—Heating arrangement. 

Fic. 3.—Recording arrangement. A= galvanometer. V = millivoltmeter. 
R= resistance. K and K’=keys. L=light. S=water-drop curve-tracer 
screen. 


was liable to crack. Thus, at the arsenic end of the series, only 
20 grams of the alloys could be prepared, but at the tin end 30 grams 
were manipulated. 


Thermal Analysis. 

Haskin’s chrome-nickel and constantan couple (Burgess and 
Le Chatelier, “Measurement of High Temperatures,” 1912, p. 170) 
was used throughout this investigation for the reasons mentioned 
in a previous paper (T., 1922, 121, 2272). The hot junction was 
applied in close contact outside the glass tubes in which the alloys 
were prepared. The cooling curves were obtained in the same 
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way as explained in the paper on the system thallium—arsenic 
(loc. cit.). ‘The apparatus is shown in Figs. 1,2, and 3. The curves 
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Some typical cooling-curves of tin-arsenic alloys as obtained on the water-drop 
curve-tracer. (Reduced by about 60 per cent.) The tin end has been shifted to 


the right. The figures on the left of the curves represent weight per cent. of 
arsenic in the alloys. 


thus obtained are given in Fig. 4, from which it is clear that the 
thermal changes are quite real. To safeguard against any extra 
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points appearing on the curves, which might be due to other causes, 
curves of pure tin and of pure arsenic were taken in exactly the 
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Equilibrium diagram of the system tin-arsenic. 


same circumstances. From these data the equilibrium diagram 
of the system tin-arsenic was plotted as given in Fig. 5. 

Alloys containing more than 80 per cent. of arsenic melt at 
temperatures so high that the glass tubes begin to soften and the 
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arsenic is blown out; therefore no direct analysis of these high- 
percentage arsenic alloys could be made. This portion of the 
curve was, however, studied by heating the mixtures of arsenic 
and tin to different high temperatures and noting the minimum 
temperatures at which a uniform alloy was formed. This gave 
the position of the liquidus; the position of the solidus was 
determined by chilling the alloys. 

Alloys for this investigation were prepared in sealed glass tubes 
in the same way as other alloys, but a cap was screwed to the iron 
tube in which the glass tube was packed, so that arsenic could 
not be blown out on account of the tightly packed sand. A couple 
could not be attached to the glass tubes without destroying the 
efliciency of the packing. 

Chilling.—Except in the case of a few alloys of very low melting 
point, all alloys to be chilled were sealed in glass tubes, which 
were packed in sand in iron tubes, and heated to a temperature a 
little higher than the melting point of the alloy. They were then 
cooled very slowly to the temperature at which chilling was required, 
the containing iron tubes were kept at that temperature for fifteen 
to twenty minutes, and then quickly dipped in a bucket of cold 
water. 

This method of chilling is not very satisfactory, as the sand does 
not lose heat sufficiently quickly. But the alloys could not be 


heated in any other way without losing a considerable quantity 
of arsenic. 


Result of the Thermal Analysis. 


Critical points 
Percentage observed in degrees Percentage Critical points observed 
of arsenic. centigrade. of arsenic. in degrees centigrade. 
nil * 232° 38-69 * 605° 472° ; 
5-09 428° 231-5 41-72 596 580° 472 — 
9-93 529 225 44-57 590 579 474 
14-55 557 232 46-08 587 578 474 
15-39 579 231-5 47-06 579 578 476 
18-31 586 230 49-43 578 471 
25-28 589 231-5 49-36 579 579 468 3 
26-91 595 232 , 57-63 644 579 472, 
29-39 * 596 64-37 672 578 472 
30-87 595 590 68-34 692 578 475-5 
32-43 595 589 74-32 700 582 455 
34-32 * 591 ; 77-68 720 595 473 
35-11 595 591 


Alloys marked * froze at a single temperature. Alloys containing 85, 
90, 95, and 100 per cent. of arsenic, chilled at 750°, 778°, 800°, and 850°, 
respectively, were completely molten. 


Chemical Analysis. 


About half a millimetre of the surface of the alloy was filed off 
to remove oxides and impurities, if there were any. One to two 
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grams of the finely powdered alloy were treated with 30 c.c. of 
nitric acid (d 1°4) and 15 c.c. of water. Alloys containing up to 
about 30 per cent. of arsenic dissolved easily in this medium on 
warming, but alloys containing a higher percentage of arsenic 
were brought completely into solution only after heating with nitric 
acid (d 1:4) for several days. The greater part of the acid was removed 
by evaporation, some metastannic acid separating, and to the 
cooled residue 5 to 10 c.c. of aqueous ammonia were added, care 
being taken that the solution remained acid. The solution was 
then diluted with about 200 c.c. of water, well shaken, and left 
over-night. In this way, in the presence of nitric acid and 
ammonium nitrate, tin is precipitated completely if the solution is 
not very concentrated. The precipitate was collected, well washed 
with warm water, and weighed as SnO,. Prolonged washing of 
the precipitate is necessary for complete removal of arsenic acid. 
The filtrate and washings were evaporated, cooled, and made up 
to 500 c.c. Twenty-five c.c. of this solution were neutralised 
with sodium hydroxide, 25 c.c. of strong hydrochloric acid added, 
the mixture was well cooled, and, 3 grams of potassium iodide having 
been added, the liberated iodine was titrated with standard sodium 
thiosulphate. 
According to Williamson, the action 


As,O, + 4HI = As,O, + 2H,0 + 21 


takes place in the presence of an excess of hydrochloric acid in 
the cold. 


Results of Analysis. 


Average Average 

Per- per- Per- per- 

Per- centage centage Per- centage centage 
centage of of Krror centage of of 

of tin. arsenic. arsenic. in 100. of tin. arsenic. arsenic. 
99-94 nil. nil. — 0-06 54-01 46-16 46-08 
95-07 5-25 5:09 + 0-16 52-59 46-71 47-06 
89-85 9-71 9:93 + 0-25 50-45 49-31 49-43 
85-46 14-54 14-55 + 0-08 50-20 48-92 49-36 
84-45 15-22 15-39 0-12 */42-50 57-77 57-63 
81-62 18-23 18-31 0-07 | 42-56 57:81 57-62 
74-61 25:17 = 25-28 0-11 35-68 64:42 64:37 
73-00 26-82 26-91 0-09 * (31-69 68-38 68-34 
70-67 29-45 29-39 L. 0-06 (31-92 67-70 67°89 
69:18 30:92 30-87 0-05 25-60 74-23 74-32 
67-69 32-55 32-43 +- Q-12 22-56 77-93 77-68 
65°66 34:29 34-32 0-08 15 85 t 
64:38 35-01 35-11 0-51 10 90 + 
61-21 38:60 38-69 0-10 5 95 fF 
58-10 41:54 41-72 0-18 nil, 99-82 99-82 
55:34 4445 44:57 — 0-09 


* Duplicates. 
+ These alloys did not give constant results owing to their not being of a 


uniform nature. 
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(a)—5°25% As, showing sections of the plates 
ofaas White linesandtinasdark. This is the 
typical structure of the alloys at the tin end of 
the series. As the percentage of arsenic in- 
creases, the white lines become more numerous 
and the dark tin decreases. Magn. 30. 


(e.)}—25°28% As, showing dark tin separating 
out between layers of a. As the percentage of 
arsenic increases, the dark portion becomes less 
and less until at 29°399,As the uniform 
structure of a only is seen, as broad white 
bands. Magn. 30. 


é)—-35°11% As, showing f- and a-£- eutectic. 
Magn. 50. 
All photomicrographs are reduced by about 33 per cent. 


(6)—14°55% As, chilled at 580°, showing 
complete solubility of ain tin at 580°. Magn. 


(d)—32°43% As, showing plates of a with a- 
B-eutectic betweenthem. At 34°32% As, the 
pure a—f-eutectic structure is seen as alter- 
nate and very narrow white and dark lines. 
This structure was very difficult to photo- 
graph. Magn. 30. 


(/)—38°69% As, showing uniform hexagonal 
structure of 8. Magn. 30. 


Fig. 7. 


(a)—41°72% As, showing solid solutions y. 
Magn. 30. 


(c)—49°36% As, showing the uniform structure 
of B—As-eutectic. Magn. 50, 


(e)—68°34% As, showing cored crystals of 6 
with a little §—As-eutectic. The cored 
portions increase as the percentage of arsenic 
increases and the eutectic disappears. These 
alloys are difficult to photograph owing to 
blow holes of arsenic. Magn. 50, 


(b)—47°06% As, showing white crystals of 


with B-As-eutectic. Magn. 50. 


(d)—64°37% As, showing dark crystals of 6 
with B—As-eutectic. Magn. 50. 


*4 


(f)—68'34% As, chilled at 610°, showing some 
dark crystals of 6 with the melt. Magn. 50. 


[To face Trans., p. 221. 
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With each sample of hydrochloric acid used, a blank experiment 
had to be performed, as strong hydrochloric acid also acts on 
potassium iodide and sets free iodine. 

With a little practice, the proper strength of the sodium thio- 
sulphate solution which should be used with the arsenic acid 
solution of a given strength can be ascertained, and then the method 
is trustworthy. The strengths of both solutions should be as 
nearly equal as possible, a stronger thiosulphate giving low results 
and a weaker thiosulphate high results. 


Micrographic Analysis. 


With the exception of a few alloys containing much free tin, 
because of a certain amount of flow in them, and a few alloys 
containing much free arsenic, owing to their being very brittle 
and of a spongy nature, all the alloys were quite easily polished. 
A suitable piece was cut and roughly flattened on an old, blunt 
file. It was smoothed on a coarse emery paper and then rubbed 
successively on the French blue emery papers 0, 00, and 000. 
These emery papers, after being used for some time, produce 
better results than when they are new. A very good surface 
could sometimes be obtained with an old 000 paper alone. But 
in most cases the final polish was given by diamantine powder, 
used wet on a revolving pad. 

The surface was then etched with very dilute ferric chloride 
and a trace of hydrochloric acid or with bromine water. In a 
few cases, copper ammonium chloride and hydrochloric acid were 
also used. 

In alloys showing free tin, the latter was darkened while the 
other constituent remained bright. Other alloys, containing 
high percentages of arsenic, were very difficult to etch with the 
ferric chloride reagent; however, after action lasting about two 
hours, the «—-@ and §—As eutectics and the solid solution 5 were 
also darkened. These alloys were etched better with bromine water, 
which had the same effect of darkening the «—-8 and @—As eutectics 
and 6. 

The photomicrographs given in Figs. 6 and 7 illustrate the 
structure of the different alloys. 


Conclusion. 


This work clearly establishes that : 

1. Tin and arsenic alloy in all proportions. 

2. These elements form only two compounds, Sn,As, and 
SnAs, as proved by two distinct maxima in the curve of thermal 
equilibrium, by chemical analysis, and by the photomicrographs, 


222 MANSURI: THE SYSTEM TIN—ARSENIC. 


3. The melting point of arsenic lies between 800° and 850°, but 
arsenic, once molten, supercools considerably, like antimony, 
before it begins to solidify again. 

4. The melting point of tin is practically not lowered by the 
addition of arsenic. At the tin end of the series, all the arsenic 
added seems to combine with tin and form the compound a, 
which dissolves in molten tin. 

At the concentration of 29°5 per cent. of arsenic, the alloy freezes 
at a single temperature and is the compound « itself. 

The rest of the system up to an alloy containing about 39 per 
cent. of arsenic is of the usual eutectiferous type. At that com- 
position, the second compound of tin with arsenic—SnAs—is 
formed. This compound forms a partly eutectiferous system 
with arsenic, with the formation of the solid solutions, y and 3, 
at both ends respectively.* The arsenic contained in these solid 
solutions is probably in the vaporous state above about 472°, and 
they are, so to speak, in a dissociated state; below that temperature, 
the alloy solidifies and the solid solutions assume the stable form. 
These alloys, chilled below 472°, have a uniform structure similar 
to that shown in Fig. 7d, but when chilled just above 472° they 
are porous, like sponge. 

It is these solid solutions that have arsenic vapour present 
as one of their constituents and therefore it is they that are in a 
dissociated state, so to speak, and not 8, as suggested by Parravano 
and de Cesaris. All alloys containing these solid solutions give 
a thermal arrest at 472°. What those authors were dealing 
with was the solid solution, y, just near the composition of 8. The 
composition of the 8 prepared by the author was 38°69 per cent. 
of arsenic and the remainder tin, instead of the theoretical per- 
centage, 38°66, of arsenic. Even this slightly impure 8 gave a 
distinct thermal arrest at 472°, due to the vapour of arsenic, present 
in y, solidifying at that temperature. 

5. A point of great practical interest which has been revealed 
by the study of this system is that the alloys of tin with arsenic are 
very similar to those of tin with phosphorus (J. Institute Metals, 
1920, 23, 325) in most of their properties and in their crystalline 
structure. The thermal curve of the Sn—P system is very similar 
to that of the Sn-As system, and the photomicrographs of one 
system compare very well indeed with those of the other. The 


* It is interesting to note that at the eutectic limits, f and f’, the com- 
position of the alloys is about 47 per cent. and 70 per cent. of arsenic, respec- 
tively, and thus they may be considered as the highly dissociated compounds 
Sn,As, and SnAs,, respectively (Sn,As,; requires As = 48-60. SnAs, requires 
As = 71-40 per cent.). 
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physical properties agree quite well, in accordance with the 
similarities of the temperature—concentration curves and of micro- 
structure. 

Again, the two systems, Cu-P (Z. anorg. Chem., 1907, 52, 131) 
and Cu—As (J. Institute Metais, 1910, 3, 34), are also similar. It 
has also been noted that arsenic has no very injurious effect on 
copper (tbid., 1913, 10, 275). On account of the similarity of the 
two systems it should be possible to make arsenical bronzes having 
properties similar to those of phosphor—bronzes. 

There is only one other point to be discussed, and that is the 
effect of pressure. The system was studied with the aid of alloys 
prepared in sealed glass tubes, in which the pressure could not 
remain constant. The glass tubes in which the alloys were prepared 
were exhausted to a pressure of about 15 mm., and therefore the 
pressure in them would be less than one atmosphere (‘ Physikal- 
ische Chemie Tabellen,” 1912, p. 375) up to about 600°, which is 
the melting point of the compound SnAs. Above that temperature, 
the pressure may become greater than one atmosphere. 

Now it remains to see what effect this variation of pressure 
should have on the system Sn-Sn,As, and the eutectiferous 
system Sn,As,-SnAs. As a reduction of pressure of about 
one atmosphere has practically no effect on the melting point 
of metals, these systems should not be affected by such a 
change of pressure. Only the eutectiferous system f—As should 
be affected, in so far that at higher pressures more arsenic 
vapour must dissolve in 8, and thus y and 4, richer in arsenic, 
will be formed. The question, however, is what difference will a 
change of pressure of about half an atmosphere cause in the 
composition of y and 6 and therefore in their properties. The 
change will actually be so small that the properties of y and 6 will 
remain practically the same throughout and the system f@—As 
will also remain unaffected by the slight changes of pressure. The 
equilibrium diagram of the system tin—arsenic worked out by the 
author therefore represents the true equilibrium of the system. 


The author had the privilege of working at this problem in the 
Goldsmiths’ Research Laboratories of the Cambridge University. 
He is very much indebted to Mr. C. 'T. Heycock for his sympathetic 
guidance and advice throughout the work. 

[Received, October 2nd, 1922.] 


DUTT : PERI-NAPHTHINDIGOTIN. 


XX VITI.—peri-Naphthindigotin. 
By SIKHIBHUSHAN DvTT. 


ALTHOUGH the analogous thioindigotin has been prepared (Meister, 
Lucius, and Briining, D.R.-P. 198050), peri-naphthindigotin has 
not hitherto been made. Wichelhaus (Ber., 1893, 26, 2547) 
obtained «a- and £-naphthindigotins from the corresponding 
naphthylglycines by fusion with potassium hydroxide, and sub. 
sequently, by employing Blank’s method (Ber., 1898, 31, 1812), 
he improved the yield (Ber., 1899, 32, 1236). The Badische 
modification of the Heumann synthesis has been applied by Fierz 
and Tobler (Helv. Chim. Acta, 1922, 5, 557) to the preparation of 
8-naphthindigotin, but Fierz and Sallmann’s attempts to prepare 
peri-naphthindigotin were unsuccessful (2bid., p. 560). 

This substance has now been prepared, although in very poor 
yield, from naphthastyril by the modified Heumann process. The 
naphthastyril was prepared by Pisovschi’s method (Bull. Soc. 
chim., 1911, 9, 86), and although he claims a quantitative yield, 
the present author could not obtain more than 50 per cent. of the 
theoretical quantity. 

peri-Naphthindigotin closely resembles the «- and {-isomerides 
in physical and chemical properties. However, the lightness and 
the fugitive character of the shade which it produces on the fibre, 
together with its extremely poor yield, render this substance value- 
less technically. 


' 
EXPERIMENTAL. 


co 

NH-CH,°CO,H 
8 grams of naphthastyril in 100 c.c. of 10 per cent. potassium hydr- 
oxide was treated with 5 grams of chloroacetic acid. The mixture 


.—A solution of 


Naphthastyrylacetic Acid, C,pH«< 


was warmed for about five minutes, hydrochloric acid added, and | 


the white precipitate crystallised from alcohol; m. p. 258° (Fierz 
and Sallmann, loc. cit., give 256°) (Found: C = 68:1; H = 44. 
Calc., C = 68:4; H = 4°3 per cent.). 
Disodium «-Naphthylglycine-8-carboxylate, 
CO,Na’C,,H,-NH°CH,°CO,Na. 


—The solution of the sodium salt prepared from 11 grams of | 


naphthastyrylacetic acid, 4°4 grams of sodium hydroxide, and 15c.c. 
of water was poured into about 150 c.c. of absolute alcohol, when 
the disodium salt, already described by Fierz and Sallmann (loc. 
cit.), was precipitated as a white powder with fatty lustre. 
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Twelve grams of the above disodium salt having been slowly added 
to a mixture of 40 grams of dry sodium hydroxide and 20 grams 
of sodamide maintained at 260°, the temperature was gradually 
raised to 280°, kept at this point until frothing ceased, and then 
rapidly raised to 300°. The mass was kept at this temperature 
for one minute, cooled, and boiled with water containing sodium 
hyposulphite. The filtered solution, after extraction with ether, 
was treated with aqucous potassium ferricyanide. The precipitate, 
which weighed only 0°7 gram after washing and drying, was a 
dark blue, almost black substance, only sparingly soluble in aniline, 
nitrobenzene, or quinoline. It could be obtained only in crystalline 
aggregates, not in definite crystalline form, from any of these 
solvents. It dissolves in alkaline hyposulphite with a reddish- 
brown colour, and dyes wool and cotton in light green shades 
which are rather fugitive to light. When strongly heated, the 
substance decomposes with evolution of a reddish-brown vapour. 
It dissolves in strong sulphuric acid with a bluish-green colour, 
and when rubbed between hard surfaces it acquires a copper- 
coloured, metallic lustre (Found: C = 785; H=39; N=7:3. 
C.4H,,0.N, requires C = 79°55; H = 3:8; N = 7°7 per cent.). 


peri-Naphthindigotin, 


The author expresses his best thanks to Mr. Satyendra Nath 
Bose for his kind encouragement during the progress of the work. 


THE CHEMICAL LABORATORY, 
Dacca UNIVERSITY, BENGAL. [Received, November 27th, 1922.] 


XXIX.—Dyes derived from Diphenic Anhydride. 


By Srxuruusnan Durr. 


DipHENic anhydride, which has properties very similar to those 
of phthalic anhydride, has not hitherto been condensed with amino- 
or hydroxy-compounds, with a view to obtain colouring matters 
analogous to the phthaleins. This observation together with the 
fact that diphenic anhydride contains a seven-membered ring led 
the author to undertake the present investigation, with the hope 
that such condensation products would possess interesting tinctorial 
and fluorescent properties, similar to those of the substances 
obtained from six-membered dibasic acid anhydrides like naphthalic 
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anhydride (Terrisse, Annalen, 1885, 227, 1102; Graebe and Aubin, 
ibid., 1888, 247, 286; Jaubert, Ber., 1893, 26, 992), or camphoric 
anhydride (Sircar and Dutt, T., 1922, 121, 1283). 

Methods suitable to the purpose have been worked out and 
diphenic anhydride has been condensed with phenol, resorcinol, 
m-dimethylaminophenol, and phloroglucinol. The condensation 
product with resorcinol has been brominated and a tetrabromo-. 
compound obtained. 

In comparison with the corresponding phthaleins it is found 
that although the fluorescence in these compounds is only slightly 
weakened, the tinctorial properties are considerably diminished. 
In fact they yield such light and fugitive shades on wool that they 
are quite valueless as dyestuffs. 


EXPERIMENTAL. 


Phenoldiphenein, {12 S>C(CgHyOH),—A mixture of 8 grams of 


diphenic anhydride, 16 grams of phenol, and 12 grams of stannic 
chloride was heated at 120—130° for sixteen hours. Excess of 
phenol was distilled off in steam, and the residue, having been 
extracted with sodium bicarbonate solution to remove diphenic 
acid, was dissolved in dilute ammonia, and the filtered solution 
acidified with hydrochloric acid. The precipitate crystallised from 
dilute alcohol in pinkish-white needles containing two molecules 
of water of crystallisation. It shrinks at 100°, and melts at 134° 
with evolution of carbon dioxide. 

The substance is very soluble in organic solvents, and dissolves 
in sodium hydroxide solution with a reddish-pink colour (Found: 
C = 72-5, 72-6; H = 4-7, 4:9. C,gH,,.0,,2H,O requires C = 72:6; 
H = 5-1 percent.). The diacetyl derivative crystallises from alcohol 
in colourless prisms melting at 142° (Found: C = 75-1; H = 5-0. 
Cy9H 20, requires C = 75-3; H = 4-6 per cent.). The dibenzoyl 
derivative crystallises from light petroleum in colourless needles, 
m. p. 186—188° (Found: C = 79-2; H=4-3. C, 9H,,0, requires 
C= 79-7; H = 4:3 per cent.). 

Resorcinoldiphenein, (ieee 0 — ee —A mixture of 
10 grams of diphenic Lain 12° grams of resorcinol, and 10 
grams of fused zinc chloride was heated at 160—170° for three 
hours. ‘The cold melt was powdered and boiled with dilute hydro- 
chloric acid to remove zine chloride, and the product, dissolved 
in dilute caustic soda, was converted by lead acetate into the lead 
lake, an alcoholic suspension of whith was then decomposed by 
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hydrogen sulphide. Resorcinoldiphenein was precipitated from 
the solution with hot water and obtained in brown, glistening prisms, 
m. p. 172°. 

The substance is very soluble in the ordinary organic solvents. 
It dissolves in caustic alkalis and the yellow solutions show a 
brilliant green fluorescence (Found: C=76-1; H = 4-2. 
CygH 1,0; requires C = 76-4; H = 3-9 per cent.). The diacetyl 
derivative crystallises from alcohol in pale yellow needles, m. p. 
132° (Found: C = 73-2; H = 4-4. C.pH, 90, requires C = 73-1; 
H = 4-0 per cent.). 

Ciel Sp —CeHBr,(OH) ere 
66-07 SC. HBr,(OH)” a 
One gram of resorcinoldiphenein, dissolved in 20 c.c. of glacial 
acetic acid, was treated with 9 c.c. of a 20 per cent. solution of 
bromine in the same solvent. The mixture was warmed on the 
water-bath for about ten minutes and poured into water. The 
product, m. p. 140°, which could not be crystallised, was a pinkish- 
yellow substance which dissolved in the common organic solvents 
to give yellow fluorescent solutions. It dissolves in alkali hydr- 
oxides with a blood-red colour, but the solution is without fluores- 
cence (Found: Br = 44-6. C,,H,,.0;Br, requires Br = 44-2 per 
cent.). 

4: 4’-Tetramethyldiamino-2 : 2’-oxidodiphenyldiphenein, 

C,.H, C,H,(NMe,) 

0-07 Scr (NMe,)~ “ 
—A mixture of diphenic anhydride (4 grams), dimethyl-m-amino- 
phenol (5-2 grams), and fused zinc chloride (4 grams) was heated 
at 160—180° for about three hours. The powered melt was washed 
with dilute sodium hydroxide and water and boiled with alcohol. 
The filtered solution, diluted with hot water, deposited the colouring 
matter in iarge, pinkish-violet plates, m. p. 128.° 

The substance is soluble in a large quantity of dilute hydro. 
chloric acid, forming a pink solution which shows an orange 
fluorescence. It is also soluble in organic solvents, in which the 
fluorescence is much stronger (Found: N= 6-6. CygH,,03N, 
requires N = 6-06 per cent.). 

. . , - OHg C,H,(OH), - . 

Phloroglucinoldiphenein, d ra C,H, OH), A mixture 
of 4 grams of diphenic anhydride, 5 grams of phloroglucinol, and 
4 grams of fused zinc chloride was heated at 160—170° for about 
two hours. The substance, purified through the lead lake, crystallises 
from alcohol in yellow, microscopic needles, which do not melt 
below 280°. It dissolves in alkali hydroxides with a blood-red 
colour, but the solution is without fluorescence, It is fairly soluble 


T'etrabromoresorcinoldiphenein, 
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in the common organic solvents (Found: C= 71:1; H = 4-0, 
C.,H,,0, requires C = 70-9; H = 3-6 per cent.). 


In conclusion, the author begs to express his best thanks to 
Mr. Satyendra Nath Bose for the kind interest he has taken in 
the work. 


THE CHEMICAL LABORATORY, 
Dacca UNIVERSITY, BENGAL. [Received, November 27th, 1922. 


XXX.—-The Upper Limit of Diazotisability in the 
Benzene Series. Diazo-derivatives of Mesitylene. 


By GitBert T. Morcan and Gityn Rezs Davis. 


CHEMICAL literature contains innumerable references to the di- 
azotisation of aromatic monamines and diamines, but there is no 
information available in regard to the degree of diazotisability of 
monocyclic triamines. For although in their classical study of 
rosaniline bases E. and O. Fischer prepared trisdiazonium salts, yet 
in these products each diazo-complex was borne by a separate 
aromatic nucleus (Annalen, 1878, 194, 269; compare Caro and 
Wanklyn, Chem. News, 1866, 14, 37). The investigations described 
below have been directed towards the problem of diazotising to the 
fullest extent a triamine having all its amino-groups in the same 
benzene ring in order to ascertain whether the aromatic nucleus can 
carry at one time more than two diazonium radicles.. 

In selecting a triamine for this purpose due regard was paid to the 
factors likely to complicate this diazotising process by the inter- 
vention of other reactions such as the formation of aminoazo- 
compounds, diazoamines, nitroso-derivatives, or internal cyclic 
diazoimines. The last of these contingencies excludes all bases 
containing consecutive amino-groups. The formation of aminoazo- 
compounds or nitroso-derivatives would be avoided by employing 
a triamine containing no labile hydrogen atoms in ortho- or para- 
positions with reference to the amino-groups. The tendency to 
form diazoamines would be lessened by avoiding the use of acidic 
substituents such as halogens or nitro-groups. A consideration 
of all the foregoing possibilities of side reactions led us to select 
triaminomesitylene (XV) as the most suitable base for our experi- 
ments. In this triamine each amino-group is in the meta-position 
with respect to the other two and the intervening ortho-positions 
are occupied by methyl groups. 

The complete substitution of the benzene ring in triaminomesity]- 
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ene suggests the possibility of steric hindrance, but a preliminary 
study of other mesitylene bases shows that this factor plays no 
appreciable part in modifying the course of diazotisation in the 
mesitylene series. The completely substituted nitrodiamino- 
mesitylene is diazotised with the same readiness as diaminomesitylene 
and nitromesidine, two bases which each contain one unsubstituted 
position in the aromatic nucleus. 

Nitromesidine yields nitromesitylenediazonium chloride (II), 
which is identified by conversion into chloroaurate and dichromate. 
These diazonium salts give rise to such well-defined and 
characteristic derivatives as nitromesitylene azoimide (I) and 
nitromesityleneazoacetoacetanilide (IIT). 


3 
--N.- _ZO(OH):CHs, 


we 2 ~“~CO-NHPh 
cH, oH, 


Diaminomesitylene yields successively monodiazonium and bis- 
diazonium salts (V and VI), the former identified as its azo-B- 
naphthol (IV) and the latter by conversion into bistriazomesitylene 
(VIII) and triazomesityleneindazole (VII or VIIa). This indazole, 
which is formed when the diazotisation is carried out with nitrosyl 
sulphate in strong sulphuric acid, illustrates a tendency often 
noticeable in bases containing contiguous methyl and amino- 
radicles. 


CH, 
CH ( RE: ~~ 
a gree 


(VIII.) 


Nitrodiaminomesitylene (X) is readily diazotised in two stages; the 
monodiazonium and bisdiazonium chloride (IX and XI) being 
identified by conversion into nitroaminomesitylencazoimide (XII) 
and nitromesitylenebisazoimide (XIV), respectively. 
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wt ee | 
es CH, 
NO, /\N, CoH ,(OH), Boy \N 


Ys, CyH,(OH), 
(XIII.) 
The fact that nitrodiaminomesitylene is diazotisable simultaneously 
in both its amino-groups is proved by coupling with resorcinol after 
removing excess of nitrous acid with urea; the product is nitro. 
mesitylenebisazoresorcinol (X IIT). 


T'wofold Diazotisation of Triaminomesitylene Hydrochloride. 
Diazotisation of triaminomesitylene with nitrosyl sulphate in 
strong sulphuric acid leads to an indazole derivative and accordingly 
the process is more smoothly effected in aqueous hydrochloric acid. 
With a large excess of acid and nitrite, only two of the amino-groups 
become diazotised and this twofold diazotisation was demonstrated 
by the isolation of aminomesitylenebisdiazonium chloroaurate (XVII) 
and by the formation of aminomesitylenebisazoimide (bistriazo- 
mesidine, XIX). No evidence could be obtained that any three- 
fold diazotisation had occurred, but after-treatment of the bistriazo- 
derivative with nitrous acid leads to diazotisation of the remaining 
amino-group and in the presence of sodium azide the subsequently 
formed diazonium group is replaceable by a triazo-radicle, giving 
rise to tristriazomesitylene (XVIII). This tristriazo-derivative, 
which has the remarkable molecular formula H,C,Ng, is a polymeride 
of hydrocyanic acid, although apart from the numerical coincidence 

there is no chemical relationship between the two compounds. 


CH, ba. is 
NH, SNH, 2 oa ‘Be i NH, / \N,-AuCl, 
, HOI cH — CHs, cis 

“fa XG AuCl, 

(XVI) (XVII) 

\ callie 

HNO, 

< 

HN, 
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The conclusion to be drawn from the foregoing results is that the 
benzene ring does not readily carry more than two diazonium groups. 
The existence of aromatic diazonium salts is certainly connected 
with the unsaturated character of the aromatic nucleus, and al- 
though this unsaturation suffices to give permanence to one or even 
two diazonium complexes, it is apparently insufficient to confer 
stability on a third diazonium radicle. 


EXPERIMENTAL. 
I.—Diazotisation of Nitromesidine. 


Dinitromesitylene, obtained by Fittig’s method (Annalen, 1867, 
444, 134), was partly reduced by Fliirscheim’s process (J. Soc. 
Chem. Ind., 1912, 31, 66. Eng. Pat. 9250/1911): a solution of 
6 grams of crystallised sodium sulphide and 0-8 gram of sulphur 
in 15 c.c. of water was added with mechanical stirring during two 
hours to 5 grams of dinitromesitylene, suspended in 18 c.c. of boiling 
water; the mixture was then poured into 20 c.c. of cold water 
and nitromesidine extracted from the precipitate with dilute 
hydrochloric acid and obtained as a yellow, crystalline deposit on 
neutralising the acid extract with ammonia. Nitromesidine (m. p. 
73°) was readily and completely diazotised ; even the presence of 
only a slight excess of hydrochloric acid sufficed to prevent the 
formation of any diazoamino-compound. 

Nitromesitylenediazonium Chloroaurate, NO,*C,H(CH;),*N.*AuCh,. 
—Two grams of nitromesidine, dissolved in alcohol, were diazotised 
with 24 ¢.c. of concentrated hydrochloric acid and 0-8 gram 
of sodium nitrite. The cooled, filtered solution was added to a 
concentrated solution of chloroauric acid, when a pulverulent, 
greenish-yellow precipitate was formed, oily at first but subsequently 
becoming solid (Found: Au = 37-04. C,H,,O,N,Cl,Au requires 
Au = 37-10 per cent.). This chloroaurate was moderately soluble 
in aleohol and precipitated from solution by water; it intumesced 
without melting when heated. 

Nitromesitylenediazonium Dichromate, NO,*C,H(CH3)3*N*HCr,0,. 
—A bright crocus-yellow precipitate of this salt separated on mixing 
filtered solutions of nitromesitylenediazonium chloride and sodium 
dichromate ; it turned brown on exposure to light and exploded 
on gentle warming. When moistened with absolute alcohol 
and then heated, it decomposed quietly (Found: Cr = 25-32. 
C(,H,,0,N,Cr, requires Cr = 25-45 per cent.). 

T'riazonitromesitylene (Nitromesityleneazoimide) (Formula I).— 
Sodium azide was added to an acid solution of nitromesitylene- 
diazonium chloride, when a yellow oil separated and solidified on 
cooling below 0°. This product was collected and purified by 
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distillation in steam, the distillate was extracted with ether, 
and crystallised therefrom in colourless needles containing water 
and melting at 22—23° (Found: C = 25:2. C,H,,0,N,,H,0 
requires C = 25-0 per cent.). When crystallised from anhydrous 
ether, the triazo-compound melted at 23° and contained N = 27-52 
(CsH,90.N, requires 27-18 per cent.). This azide “was soluble 
in all organic solvents; it intumesced when heated rapidly and lost 
two-thirds of its triazo-nitrogen with concentrated sulphuric acid. 

Nitromesityleneazo-6-naphthol, NO,*Cg,H(CHs),°N,°C,9H,°OH, was 
soluble in glacial acetic acid or. in benzene and crystallised from 
a mixture of the latter and alcohol in tufts of red needles melting 
at 168° and giving a purple coloration with concentrated sulphuric 
acid (Found: N = 13-0. Cy,9H,,0,N, requires N = 12-54 per 
cent.). 

Nitromesityleneazoacetoacetanilide (Formula IIT), was obtained by 
coupling nitromesitylenediazonium chloride and acetoacetanilide 
(Knorr and Reuter, Ber., 1894, 27, 1169) in alcoholic solution; 
it separated from benzene, alcohol, or acetone in yellow crystals 
melting at 171° (Found: C=615; H=5:-77; N = 15-69, 
C1 9H.90,N, requires C = 61-95; H = 5-44; N = 15-22 per cent.). 

Triazomesityleneindazole (Formula VII or VIIa).—Attempts to 
prepare triazoaminomesitylene by the partial diazotisation of 
diaminomesitylene have invariably resulted in the production of 
an indazole derivative, especially when the diazotisation is carried 
out with chamber crystals. One gram of diaminomesitylene was 
suspended in 5 c.c. of concentrated sulphuric acid, a few small 
pieces of ice were added to assist in the solution of the diamine, 
and 2 grams of chamber crystals were then added followed by more 
ice until the reaction commenced. When all the chamber crystals 
had been decomposed, the solution was poured into a mixture of 
equal volumes of alcohol and ether, giving rise to a white precipitate 
which soon turned red. This product redissolved in ice-cold water 
to a dark crimson solution and on adding 1 gram of sodium azide 
a yellow precipitate was obtained which, unlike the other azides 
described in this communication, was insoluble in light petroleum, 
but dissolved in alcohol or benzene. Recrystallised from the latter 
solvent, it separated in small, yellow needles melting at 134—137° 
[Found : C = 57-33 (wet process); N = 37:17. M, in freezing 
benzene (c = 0-504) = 193, in boiling benzene (c = 0-698) = 189. 
C,H,N, requires C = 57-75; N = 37-4 per cent.; M = 187.] 


II.—Diazotisation of Diaminomesitylene. 


Diaminomesitylene was prepared by reducing dinitromesitylene 
with tin and hydrochloric acid in aquo-alcoholic solution (Fittig, 
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loc. cit.). After removing tin compounds and freeing the base with 
ammonia, the product was purified by repeated crystallisation from 
light petroleum. The most rapid method of purification was found 
to be sublimation in a vacuum, when a white, crystalline powder 
was obtained melting at 90-5°. 

A preliminary study of the diazotisation products of diamino- 
mesitylene (Morgan and Reilly, P., 1914, 30, 74) had shown that this 
diamine gave mono- or bis-diazonium salts which had been coupled 
with $-naphthol. The diamine does not, however, diazotise so 
smoothly as mesidine or its nitro-derivative. At an intermediate 
stage (one mol. NaNO,) its acid solution assumed a red colour and 
gave neither a stable chloroaurate nor a dichromate. With excess 
of nitrous acid, the red coloration faded to yellow and the solution 
gave derivatives of the bisdiazonium salt. This diazotisation 
proceeds in two stages and unless considerable excess of sodium 
nitrite is employed the azo-compound produced by coupling with 
alkaline @-naphthol is a mixture of azo- and disazo-derivatives. 

Aminomesityleneazo-8-naphthol (Formula IV).—Two grams of 
diaminomesitylene were dissolved in 20 c.c. of 50 per cent. 
sulphuric acid and diazotised with 1 gram of sodium nitrite; the 
solution, added to alkaline 8-naphthol, gave a crystalline precipitate, 
which separated from glacial acetic acid and from benzene and 
petroleum in crimson needles melting at 173° (Found: N = 13-44. 
C,5H,gON, requires N = 13-77 per cent.). 

Mesitylenebisdiazonium Chioroaurate, (CH ),°C,H(N,*AuCl,)..— 
To the yellow solution of the bisdiazonium salt was added a con- 
centrated solution of chloroauric acid, when a light brown, crystal- 
line powder was precipitated, which was slightly soluble in alcohol 
or acetone (Found: Au = 46-39. C,H, )N,Cl,Au, requires Au = 
46-24 per cent.). 

Mesitylenebisdiazonium Dichromate, (CH,),°CgH:N,:Cr,0,, was 
obtained by adding a concentrated solution of sodium dichromate 
to the yellow solution obtained by diazotising the diamine in 
sulphuric acid with a large excess of nitrite. The product is a 
yellow, crystalline powder darkening in the light and exploding 
on slight friction (Found: Cr = 26-74. C,H,)0,N,Cr, requires 
Cr = 26-67 per cent.). 

Bistriazomesitylene (Formula VIII).—To 2 grams of diamino- 
mesitylene, dissolved in ice-cold dilute alcohol, were added succes- 
sively 3 grams of sodium azide, 10 c.c. of concentrated hydrochloric 
acid, and an aqueous solution of 2 grams of sodium nitrite, followed 
by a further addition of 3 grams of sodium azide. After one hour, the 
mixture was extracted with ether and the ethereal layer distilled 
in steam, the distillate being extracted repeatedly with ether. The 
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ethereal extracts were dried over calcium chloride and evaporated, 
when bistriazomesitylene remained as a yellow oil, becoming brown 
on exposure to air. This bisazide was not so explosive as m- or 
p-bistriazobenzene (Forster and Fierz, T., 1907, 91, 1953; Silberrad 
and Smart, T., 1906, 89, 171) and was analysed without difficulty 
(Found: N = 41-50. C,H,)N, requires N = 41-58 per cent.). 
Bistriazomesitylene intumesced on heating and reacted violently 
with concentrated sulphuric acid, evolving white fumes; it hada 
pleasant, fruity odour. 


IlI.—Diazotisation of Nitrodiaminomesitylene. 


Nitrodiaminomesitylene, formerly obtained by the partial re- 
duction of trinitromesitylene (Fittig, loc. cit.), has now been prepared 
by nitrating diaminomesitylene. An ice-cold mixture of 2:5 c.c. of 
nitric acid (d 1-42) and 2-5 c.c. of concentrated sulphuric acid was 
added very slowly with stirring to 5 grams of diaminomesitylene, 
dissolved in 30 c.c. of concentrated sulphuric acid cooled by a 
freezing mixture. The acid liquid was poured on to 500 grams of 
ice, and the deep red solution neutralised with ammonia. The 
brown precipitate was dried and dissolved in benzene, nitrodi- 
aminomesitylene being precipitated by adding light petroleum 
(b. p. 40—60°). Recrystallisation from benzene or alcohol gave the 
nitrodiamine in reddish-orange plates melting at 184° (yield 85 per 
cent. of theory) (Found: N = 21-59. C,H,,0,N, requires N = 
21-54 per cent.). 

Nitroaminomesitylenediazonium Chloroaurate Hydrochloride, 
(CH3),C4(NO,)(NH,Cl)-N,AuCl,. 
—Nitrodiaminomesitylene (0-5 gram) was dissolved in alcohol and 
diazotised with 0-18 gram of sodium nitrite and 0-8 c.c. of hydro- 
chloric acid. Carbamide was then added to remove excess of nitrous 
acid, and the filtered solution treated with chloroauric acid, when 
the chloroaurate was obtained as a brown precipitate, sparingly 
soluble in alcohol (Found : Au = 34:13. C,H,,0,N,Cl,;Au requires 

Au = 33-82 per cent.). This gold salt intumesced on heating. 

Nitroaminomesityleneazo-8-naphthol, 

(CH3)3C4(NO,)(NH,)-N,°C,9H,-OH. 
—The nitrodiamine, diazotised in hydrochloric acid with excess of 
sodium nitrite, was added to alkaline @-naphthol. The brown 
precipitate, crystallised repeatedly from benzene, melted at 208— 
209° (Found: N = 15-99. C,,H,,0,N, requires N = 16-00 per 
cent.). 

6-Nitromesitylenebisazoresorcinol (Formula XIII).—The nitro- 
diamine hydrochloride, diazotised with a large excess of nitrite, 
was coupled with aqueous resorcinol after removing excess of 
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nitrous acid with urea. The bright crimson azo-compound, crystal- 
lised repeatedly from glacial acetic acid, was obtained in brown, 
nodular crystals which did not melt below 290° (Found: N = 15-60. 
(,,H90,N, requires N = 16-02 per cent.). 

Triazonitroaminomesitylene (Nitromesidineazoimide) (Formula 
XII.)—Sodium azide was added to a solution of nitroamino- 
mesitylenediazonium chloride, when a yellowish-brown precipitate 
was formed, soluble in the ordinary organic media. This monotriazo- 
compound, when crystallised successively from benzene and light 
petroleum, separated in light yellow rosettes melting at 88—84° 
(Found : N = 31-85. C,H,,0O,N; requires N = 31-68 per cent.). 
The azide dissolved sparingly in hydrochloric acid and was then 
diazotisable, yielding with B-naphthol a brown azo-derivative. 

Bistriazonitromesitylene (Nitromesitylenebisazoimide, Formula 
XIV).—To 1 gram of nitrodiaminomesitylene, dissolved in 10 c.c. 
of 25 per cent. sulphuric acid, were added successively 0-7 gram of 
sodium azide and 1-5 grams of sodium nitrite. After the addition 
of nitrite, a further 0°7 gram of sodium azide was introduced and 
the mixture left in the freezing mixture for half an hour. The 
brownish-yellow precipitate was crystallised repeatedly from light 
petroleum, the bistriazo-derivative being then obtained in light 
yellow needles melting at 50°. It intumesced on heating and 
evolved nitrogen with concentrated sulphuric acid (Found: N = 
40-03. C,H,O,N, requires N = 39°67 per cent.). 


IV.—Diazotisation of T'riaminomesitylene. 


Triaminomesitylene is not readily prepared by reducing nitro- 
diaminomesitylene with tin and hydrochloric acid. The reaction 
proceeded only slowly, and during the long heating required to 
dissolve the tin the triamine was decomposed hydrolytically with 
formation of trimethylphloroglucinol. 

The reduction of trinitromesitylene to triaminomesitylene with 
tin and hydrochloric acid in presence of glacial acetic acid was first 
carried out by Weidel and Wenzel (Monatsh., 1898, 19, 250). It 
was found, however, that if heating was prolonged for three to four 
hours until the tin had dissolved, this led to partial hydrolysis and 
formation of diaminomesitol. This product was identified by 
conversion into its bisazide. 

Bistriazohydroxymesitylene (Bistriazomesitol), (CH ),C4(OH)(Ng)p. 
—Diaminomesitol hydrochloride (1 gram) was dissolved in cold 
dilute hydrochloric acid and treated successively with 0-75 gram 
of sodium azide, 1 gram of sodium nitrite, and an additional 0-75 
gram of the azide. The product, when crystallised repeatedly 
from light petroleum, separated in well-defined, colourless needles, 
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becoming brown on exposure and melting at 67° (Found : C = 49-47; 
H = 4:97; N = 38-91. C,H, ON, requires C = 49-54; H = 4:59; 
N = 38-53 per cent.). 

This bistriazo-derivative resembled diaminomesitol in developing 
a deep red coloration with ferric chloride, the colour being discharged 
by acids. It was soluble in aqueous alkali hydroxides, reprecipitated 
by acid, and decomposed by concentrated sulphuric acid. 

We have noticed the difficulty experienced by Forster and Fierz 
(loc. cit.) in the estimation of carbon in these polytriazo-derivatives, 
the results being generally about 2 per cent. toohigh. This difficulty 
was overcome by a wet combustion of the substance (Morgan, T., 
1904, 85, 1004), the hydrogen being estimated by the ordinary 
dry method. 

Aminomesitylenebisdiazonium Chloroaurate Hydrochloride 
(Formula X VIT)—Triaminomesitylene was most readily obtained by 
heating on the water-bath for not more than thirty minutes after the 
vigorous reaction had subsided, 10 grams of trinitromesitylene, 20 c.c. 
of glacial acetic acid, 48 grams of tin, and 100 c.c. of hydrochloric 
acid (d 1-19). Forty c.c. of glacial acetic acid were then added to the 
solution, decanted from undissolved tin, and the liquid was cooled 
in ice, when silvery leaflets of triaminomesitylene stannichloride 
separated. The mother-liquor yielded on concentration a further 
crop of the tin salt. This crystalline product was dissolved in 
500 c.c. of cold water, and the tin precipitated with hydrogen 
sulphide. The colourless filtrate from tin sulphide, which rapidly 
became yellow on exposure to air, was evaporated under reduced 
pressure in an atmosphere of carbon dioxide, when triaminomesityl- 
ene hydrochloride was obtained in colourless needles. The triamine 
set free by stirring the hydrochloride into concentrated aqueous 
sodium hydroxide at 0° was a colourless, crystalline mass, which, 
when crystallised from xylene, separated in yellowish-white needles 
melting at 118—119°. This base was very oxidisable and readily 
lost its amino-groups by hydrolysis. Consequently in the following 
experiments the hydrochloride was employed. 

One gram of triaminomesitylene trihydrochloride, dissolved in 
2-5 c.c. of 10 N-hydrochloric acid and 20 c.c. of water, was diazotised 
with excess of sodium nitrite (one gram = 3-5 mols.). To the 
solution was added chloroauric acid so long as the light brown, 
crystalline precipitate was obtained. This salt, which was stable 
at the ordinary temperature in the dark, exploded on gently warming 
and darkened on exposure to light (Found: C = 12-31; H = 1-24; 
N = 8-38, 8:50; Cl = 32-2, 32-6; Au = 44-97. C,H,,N,Cl,Au, 
requires C = 12-46; H = 1-27; N = 8-07; Cl = 32-75; Au = 45-4 
per cent.). 
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chloric acid, sodium nitrite (3 mols.), and urea, was treated with 
chloroauric acid, when a brown, crystalline chloroaurate hydrochloride 
was obtained which exploded on warming (Found: Au = 43-37. 
(,H2N;Cl,Au, requires Au = 43-63 per cent.). 

Bistriazomesidine (Aminomesitylenebisazoimide) (Formula XIX). 
—Triaminomesitylene hydrochloride (2 grams), dissolved in water 
acidified with 5 c.c. of hydrochloric acid (d 1-16), was treated suc- 
cessively with 1 gram of sodium azide and 1°5 grams of sodium 
nitrite (3 mols.), the temperature being maintained at — 5°. 
Another gram of sodium azide was then added and the mixture 
left for one hour. The pale yellow crystals which had separated 
were recrystallised from light petroleum, when bistriazomesidine 
was obtained in colourless needles melting at 68° (Found ; C = 49-6; 
H = 5°23; N = 44-96. C,H,,N, requires C = 49-77; H = 5-07; 
N= 45-18 per cent.). Bistriazomesidine dissolved sparingly in 
hydrochloric acid and was diazotisable further in the solution; it 
intumesced on heating rapidly and was decomposed vigorously 
with evolution of nitrogen by concentrated sulphuric acid. 

Tristriazomesitylene (Formula X VIII).—Two grams of triamino- 
mesitylene hydrochloride were dissolved in the least amount of 
water, and the solution was treated with 10 c.c. of concentrated 
hydrochloric acid and 1-5 grams of sodium azide. After cooling 
to —5°, the hydrochloride was diazotised with 3-2 grams of sodium 
nitrite (6 mols.) and a further 1-5 grams of sodium azide were added. 
The brownish-yellow crystals which separated were collected after 
several hours and distilled in steam to free them from tarry impuri- 
ties. The distillate, which was obtained in a crystalline form mixed 
with oil, was extracted with ether, and the ethereal extract dried 
and evaporated. The residue was again distilled in steam, when 
colourless needles were obtained in the distillate. This product 
was crystallised from light petroleum, when tristriazomesitylene was 
obtained in soft, colourless needles, becoming brown on exposure 
to light and melting at 50° (Found: C = 44:90; H = 4-18; 
N= 51-48. C,H,N, requires C = 44-44; H = 3-70; N = 51-85 
per cent.). Tristriazomesitylene was fairly stable and burnt 
quietly in the Dumas nitrogen estimation. With concentrated 
sulphuric acid, it reacted vigorously, evolving nitrogen. 
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XXXI.—The Reactivity of Doubly-conjugated Un. 
saturated Ketones. Part IV. The Effect of Sub- 
stitution on the Reactivity of 4'-Dimethylamino-2- 
hydroxydistyryl Ketone. 


By Istpor Morris HEmLBRoN and ABRAHAM Bruce WHITWortH, 


Ir was shown in Part I of this series of investigations (Heilbron and 
Buck, T., 1921, 119, 1500) that 4’-dimethylamino-2-hydroxydistyryl 
ketone is extraordinarily reactive, but that the effect is largely 
destroyed on replacing the hydrogen of the free hydroxyl by methyl. 
It is thus obvious that the o-hydroxyl group plays a very prominent 
part in determining the degree of reactivity of ketones of this type. 
In order to explain this, the formation of definite ring systems by 
means of subsidiary valency forces, involving the hydroxyl group 
and the carbonyl oxygen atom, was postulated (Formula I). The 
neutralisation of the residual affinity of this oxygen atom would, 
according to the Pfeiffer hypothesis, enhance the unsaturation of 
the carbonyl carbon atom (3) and this effect would finally become 
manifest on the free terminal carbon atom (1) of the conjugated 
system. 


(II.) 


These deductions are a necessary extension of Borsche’s theory 
(Annalen, 1910, 375, 145), who explains the unreactivity of pp’- 
tetramethyldiaminodistyryl ketone and of pp’-dimethoxydistyryl 
ketone by assuming neutralisation of the residual affinities of the 
terminal carbon atoms of the conjugated system with the dimethyl 
amino-groups (II). 

In order further to test the validity of these views, the effect of 
substitution in the phenolic residue of the molecule has now been 
studied. Two points of interest here arise, first, the general effect 
of the introduction of acidic and basic groupings on the reactivity 
of the ketones, and, secondly, the special effect due to the position 
of the substituting group. 

With regard to the first point, this has been tested with the com- 


pou 
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pounds shown below, in all of which substitution is in the 5-position. 
The effects are summarised in the following table : 


4'.dimethylamino-2-hydroxydistyryl ketone—very stable additive 
compounds. 

4'.dimethylamino-5-methoxy-2-hydroxydistyryl ketone—stable 
additive compounds. 

5-bromo-4’-dimethylamino-2-hydroxydistyryl ketone—stable solv- 
ate additive products only. 

j-nitro-4’-dimethylamino-2 hydroxydistyryl ketone—slightly _ re- 
active. 


It will be seen that neither by the introduction of basic nor of 
acidic groups into the molecule is the reactivity increased. Indeed, 
with the latter, a definite damping effect is noticeable, this being 
specially marked in the case of the nitro-derivative. It is possible 
that, in this case, the strongly negative oxygen atoms of the nitro- 
group exert an attractive influence on the hydrogen atom of the» 
hydroxy-group, thus diminishing the tencency to co-ordinate ring 
formation with the carbonyl oxygen atom. 

Turning now to the consideration of the second point, which 
has been investigated in detail in the case of the methoxy-deriv- 
atives, 4’-dimethylamino-5-methoxy-2-hydroxydistyryl ketone is 
practically as reactive as the unsubstituted hydroxy-ketone itself. 
Like that substance, it is separated from the alkaline condensation 
solution in combination with one molecule of p-dimethylamino- 
benzaldehyde, which addendum is readily replaced by benzene and 
other solvent addenda. The 3-methoxy-ketone, which one would 
expect to react quite similarly to the 5-methoxy-derivative, is 
actually, however, very much less reactive, and fails to form any 
additive compound with p-dimethylaminobenzaldehyde. From 
solvents, however, crystals of various colours are obtained, obviously 
due to solvate addition, but, in all cases, the solvent is exceedingly 
rapidly lost. This ketone exists in two modifications of different 
melting point. It separates from methyl or ethyl alcohol solution 
in bright red needles melting at 151°, whereas, crystallised from 
benzene, chloroform, or ethyl acetate, it melts at 165°. Analyses 
of both forms show that it is the free ketone which has been obtained. 
The relative unreactivity of this substance in comparison with the 
j-methoxy-derivative can only be explained by assuming some steric 
effect tending to restrain the hydroxyl—carbonyl ring formation. 
This suggestion is strengthened, as mentioned later, by the anomalous 
behaviour observed in the attempted preparation of the simple 
3-methoxy-2-hydroxystyryl methyl ketone itself. 

With regard to the properties of 4’-dimethylamino-4-methoxy- 

K2 
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2-hydroxydistyryl ketone, this substance is totally unreactive, 
It crystallises from various solvents in exactly the same crystalline 
form and colour, and shows no indication whatsoever of any tend. 
ency to form solvent or other addenda. We consider that the 
inactivity of this compound strongly supports the views expressed, 
for obviously, in this derivative, the conditions postulated by Borsche 
again obtain, complete neutralisation of all free valency forces 
taking place, as illustrated in the following formula : 


CH. CH. 
cH” “No7 cu. 


S 
MeO 
The ketones described in this paper were prepared in the usual 
‘manner by condensation of the substituted salicylaldehyde with 
acetone, and the further condensation of the resulting styryl methy! 
ketones with p-dimethylaminobenzaldehyde in presence of alkali. 
As the exact methods employed for each individual ketone are 
described in the experimental part, it is only necessary here to draw 
attention to the abnormality observed in the condensation of 3- 
methoxysalicylaldehyde with acetone. The product obtained in 
this case proved, on analysis, to contain an additional molecule of 
water, which was not removed either on boiling with acetic anhydride 
or in benzene solution with phosphoric oxide. It would thus appear 
that condensation had taken place, yielding the aldol rather than 
the unsubstituted ketone. Attempts to prove this point by the 
preparation of the dibenzoyl derivative failed to produce the desired 
product, the normal mono-benzoyl derivative minus the extra mole- 
cule of water being obtained. It is noteworthy that this molecule 
of water is also eliminated on condensation with p-dimethylamino- 
benzaldehyde, the normal distyryl ketone being obtained. It is 
highly probable, however, that the product is actually 8-hydroxy- 
8-3-methoxy-2-hydroxyphenylethyl methyl] ketone, for, whereas the 
styryl methyl ketones usually become darker in colour on standing in 
air, owing to surface oxidation, this substance shows no such tendency. 
It would thus seem that the presence of the methoxy-group adjacent 
to the hydroxyl directly influences the character of the molecule 
both in the styryl methy! ketone as also in the distyryl derivative. 


EXPERIMENTAL. 


5-Nitro-2-hydroxystyryl Methyl Ketone —Twenty grams of 5-nitro- 
salicylaldehyde were dissolved by warming in 200 c.c. of 2N-sodium 
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hydroxide, and when quite cold, 40 grams (6 mols.) of acetone were 
added. The solution, which rapidly became deep red, was kept 
for three days and the free ketone precipitated by means of dilute 
acetic acid. After two crystallisations from acetone, it was obtained 
in yellow crystals melting at 227°, moderately soluble in acetone 
or ethyl acetate, very sparingly soluble in alcohol, chloroform, or 
ether (Found: N = 6°8. C,,H,O,N requires N = 6°8 per cent.). 

5-Nitro-4'-dimethylamino-2-hydroxydistyryl Ketone, 

OH:C,H,(NO,)°CH:CH-CO-CH:CH:-C,H,-NMe,. 

—Five grams of the above ketone were dissolved in alcohol together 
with an equal weight of p-dimethylaminobenzaldehyde and treated 
with 40 per cent. sodium hydroxide solution (3 mols. of NaOH). 
The solution, which soon acquired a very deep red colour, was 
kept at room temperature for three days and the precipitated 
ketone filtered off and washed with alcohol. It was purified by 
crystallisation, first from alcohol containing a few drops of glacial 
acetic acid, and finally from absolute alcohol itself. It crystallised 
with 1 mol. of ethyl alcohol in dark red needles melting at 238° 
(Found: N=71. ©, 9H,,0,N,,C,H;-OH requires N = 73 per 
cent.). The alcohol addendum is gradually lost at the ordinary 
temperature, rapidly in the steam-oven, yielding the solvent-free 
substance. The ketone has also been prepared by condensation 
of 5-nitrosalicylaldehyde with p-dimethylaminostyryl methyl 
ketone. Ten grams of the sodium salt of 5-nitrosalicylaldehyde 
were dissolved in 400 c.c. of N/4-sodium hydroxide and mixed 
with a solution of p-dimethylaminostyryl methyl ketone (1 mol.) 
in pyridine, sufficient alcohol being then added to prevent senaration 
of the two liquids. After four days, the ketone was filtered off 
and crystallised from acetone (Yield: 8 grams) (Found: N = 8-0. 
CigH,gO,N, requires N = 8°3 per cent.). 

5-Bromo-2-hydroxystyryl Methyl Ketone—-This compound has 
previously been prepared by Kostanecki (Ler., 1896, 29, 1892), 
but no details of his method are given. After trying various 
conditions, the following procedure was found to give the most 
satisfactory yield. Twenty grams of 5-bromosalicylaldehyde were 
dissolved in 80 c.c. of 10 per cent. sodium hydroxide solution, 25 
grams of acetone (4 mols.) added, and the solution was diluted 
toatotal volume of 500 c.c.; after three or four days, it was further 
diluted with water to twice its volume and slowly poured, with 
continual stirring, into an ice-cold solution of N-hydrochloric acid. 
The flocculent precipitate obtained in this way was filtered off and 
the crude product (25 grams) purified by recrystallisation from 
benzene. Ifthe condensation liquor is not kept at least at the above 
dilution, or if warmed, reaction takes place in such a manner that 
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the symmetrical distyryl ketone is mainly produced and precipitated 
from the alkaline solution in the form of its sodium salt. 5-Bromo. 
2-hydroxystyryl methyl ketone forms pale yellow crystals melting 
at 154—155°. 

5-Bromo-4'-dimethylamino-2-hydroxydistyryl Ketone, 

OH-C,H,Br-CH:CH-CO-CH:CH’C,H,°NMe,. 

—Twenty grams of 5-bromo-2-hydroxystyryl methyl ketone and 18 
grams (1°5 mols.) of p-dimethylaminobenzaldehyde were dissolved 
in alcohol and treated with 70 c.c. of 10 per cent. sodium hydroxide 
(2 mols.). The solution, which at once became deep red, was 
kept for two days, after which the precipitate which had separated 
out was filtered off and washed with alcohol. Nine grams of a brick. 
red solid were thus obtained, which, after recrystallisation from 
alcohol, formed a characteristic felt-like mass of crystal aggregates 
containing sodium, quite analogous to the sodium complex obtained 
by Heilbron and Buck (loc. cit.) in the case of 4’-dimethylamino-2- 
hydroxydistyryl ketone. The free ketone was readily formed from 
this complex by recrystallisation frém alcohol containing a small 
quantity of glacial acetic acid. The main yield of the ketone was, 
however, obtained by pouring the mother-liquors slowly into ice- 
cold water with rapid stirring, when it separated as a dark red, 
crystalline precipitate (Yield: 20 grams). Crystallisation from 
solvents yields solvate additive compounds, from which the free 
ketone is again obtained in orange-coloured crystals melting at 
194° by heating in the steam-oven for a few hours (Found: N= 
3°9. Ci ,H,,0,NBr requires N = 3°8 per cent.). 

Additive Products—With ethyl alcohol: C,,H,,0,NBr,C,H,0. 
This forms glistening, crimson needles with violet lustre (Found: 
C=602; H=58; N=3°6. Cale, C= 605; H=58; N= 
3°4 per cent.). 

With benzene : C,,H,,0,NBr,C,H,. Red, needle-shaped crystals | 
(Found: C = 67:1; H=5-4. Calc.,C = 66-9; -H = 5:4 per cent.). 

With ethyl acetate: C,,H,,0,NBr,C,H,O,. Orange-coloured 
needles (Found: C = 60:2; H=5°7. Cale., C= 601; H=56 
per cent.). 

With chloroform: with 1 mol., glistening green plates (Found: 
C=489; H=41. Calc., C = 48:9; H = 39 per cent.). With 
4 mol., yellow, felted, crystal clusters. These are obtained by slow 
crystallisation from chloroform (Found: C = 544; H= 46. 
Calc., C = 54-4; H = 4:3 per cent.). 

3-Methoxy-2-hydroxystyryl Methyl Ketone -+- H,O or $-Hydroxy- 
B-3-methoxy-2-hydroxyphenylethyl Methyl Ketone, 

OH-C,H,(OMe)-CH(OH)-CH,°CO-CHs. 
—Twenty grams of m-methoxysalicylaldehyde were dissolved in 
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32 grams (4 mols.) of acetone, and 240 c.c. of 2°5 per cent. sodium 
hydroxide solution added. A further 60 c.c. of 10 per cent. sodium 
hydroxide solution was then gradually added in small quantities 
at a time over a period of one hour, when the solution became an 
intense red. Water (600 c.c.) was now added and the whole left 
for two days at room temperature. The solution was then diluted 
to two litres and slowly acidified with dilute hydrochloric acid. 
The flocculent, yellow precipitate, which gradually became crystalline 
on standing, was filtered, dried, and the ketone purified by recrys- 
tallisation from benzene. It formed pale yellow plates, melting 
at 83°, and proved on analysis to contain a molecule of water exceed- 
ingly firmly held and not split off either by boiling in benzene 
solution with phosphoric oxide or acetic anhydride (Found: C = 
626; H=69. C,,H,.0,-+ H,O requires C = 62°38; H=67 
per cent.). In order to ascertain whether the molecule of water 
was present as an integral part of the molecule, the ketone was 
benzoylated in the following manner: To 2 grams of the compound, 
dissolved in 125 c.c. of ether, 10 grams of benzoyl chloride were 
added alternately with pyridine in small quantities at a time, 
care being taken to maintain throughout a slight excess of the base. 
After several days the solution was filtered from precipitated pyr- 
idine hydrochloride and washed first with sodium carbonate solution 
and then with water until free from pyridine. After drying over 
calcium chloride, the ether was distilled off and the solid residue 
purified by crystallisation from an ether—ligroin mixture. Analysis 
of this compound, which is obtained in colourless, star-like clusters 
melting at 120°, shows it to correspond to a monobenzoyl derivative 
of the unsaturated ketone (Found: C = 72°9; H = 54. C,gH,,0, 
requires C = 73°0; H = 5:4 per cent.). 
4’. Dimethylamino-3-methoaxy-2-hydroxydistyryl Ketone, 
OMe:C,H,(OH)-CH°CH:-CO-CH°CH:-C,H,NMeg. 

—Owing to the sparing solubility of the sodium salt of the above 
ketone, it was found necessary to carry out the condensation in 
the warm. ‘Twenty grams of the ketone were dissolved in 250 c.c. 
of alcohol, 80 c.c. of 10 per cent. sodium hydroxide were added, and 
the solution was warmed to 50°. A solution containing 23 grams 
(15 mols.) of p-dimethylaminobenzaldehyde in 100 c.c. of aleohol was 
next added, and the whole maintained at 50° for two days. On 
allowing to cool, a dark crimson, felted mass separated out. This 
was filtered off, repeatedly washed with water, and recrystallised from 
alcohol containing a few drops of glacial acetic acid. After a further 
recrystallisation from absolute alcohol itself, the ketone was obtained 
in bright red needles melting sharply at 151°. A second modifica- 
tion of this substance has also been obtained on crystallisation of 
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the 151°-compound from benzene, when violet needles are obtained, 
melting at 165°. This probably corresponds with an additive com. 
pound of the ketone with benzene, but the addendum is exceedingly 
labile and the free ketone readily obtained in dark crimson needles on 
exposing the solvate compound to air. Crystallisation of the free 
ketone of either melting point from chloroform yields a mixture 
of green and orange crystals, which rapidly lose chloroform, giving 
the red, solvent-free product of m. p. 165°. This can again be 
converted into the 151°-modification by recrystallisation from 
either absolute alcohol or methyl alcohol (Found: for 165°-com. 
pound, C=743; H=64; N=43. For 151°-compound, 
C=739; H=63; N=4:2. C,9H,,0,N requires C = 74; 
H = 65; N = 4:33 per cent.). 
4-Methoxy-2-hydroxystyryl Methyl Ketone, 
OMe:C,,H,(OH)-CH:CH-CO-CHs3. 

—4-Methoxysalicylaldehyde was prepared by Ott and Nauen’s 
method (Ber., 1922, 55, [B], 920) and the condensation carried 
out as described in the preparation of the 3-methoxy-derivative. 
The crude ketone, which was purified by crystallisation from benzene, 
using animal charcoal as decolorising agent, formed pale yellow 
erystals melting at 131°. It is readily soluble in alcohol, acetone, 
or chloroform, sparingly soluble in benzene, and practically insoluble 
in light petroleum. On standing in air, it tends to oxidise, assuming 
a green colour (Found: C = 686; H = 63. C,,H,.0, requires 
C = 68°8; H = 6:3 per cent.). 

4’. Dimethylamino-4-methoxy-2-hydroxydistyryl Ketone——The con- 
densation of 4-methoxy-2-hydroxystyryl methyl ketone with 
p-dimethylaminobenzaldehyde is extremely difficult to bring about 
and was only done by employing 50 per cent. sodium hydroxide 
as the condensing agent. Four grams of the ketone together with 
5 grams of p-dimethylaminobenzaldehyde were dissolved in 25 c.c. 
of alcohol and to the warm solution 3 c.c. of 50 per cent. sodium 
hydroxide at 70° were now added. After shaking for a few minutes, 
and keeping for a few hours, the semi-solid mass thus formed was 
agitated, first with a large volume of water, and finally with dilute 
acetic acid, filtered, and dried. After two crystallisations from 
alcohol, it was obtained in purple crystals melting with decomposi- 
tion at 183°. In no case could any indication of the formation of 
additive products be noted, crystallisation from chloroform, benzene, 
or ethyl acetate immediately yielding the free ketone. Various 
attempts were also made to form a p-dimethylaminobenzaldehyde 
additive product, but even in the presence of alkali the ketone 
remained totally unreactive (Found : C = 74°33; H=64; N=4°3. 
Cy9H,,0,N requires C = 74:3; H = 6:5; N = 4:3 per cent.). 
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5-Methoxy-2-hydroxystyryl Methyl Ketone.—This ketone was 
prepared from 5-methoxysalicylaldehyde by the general method. 
It erystallises from benzene in bright yellow needles (m. p. 122°), 
readily soluble in alcohol, ether, or acetone, and somewhat sparingly 
soluble in benzene. Like these styryl ketones in general, it gives a 
deep red coloration with concentrated sulphuric acid (Found : 
(0=68'7;H=6°3. C,,H,,0, requires C = 68°8 ; H = 6°3 per cent.). 

4'.Dimethylamino-5-methoxy-2-hydroxydistyryl Ketone.—Fifteen 
grams of 5-methoxy-2-hydroxystyryl methyl ketone and 20 grams 
(‘5 mols.) of p-dimethylaminobenzaldehyde were dissolved in 
250 c.c. of alcohol, and 60 c.c. of 10 per cent. sodium hydroxide 
solution (2 mols.) added. After keeping for three days at the ordinary 
temperature, the reaction product was poured into two litres of ice- 
cold water, and the crystalline precipitate, which gradually separated 
out, was filtered off and thoroughly washed with water. On 
recrystallisation from absolute alcohol, the ketone + 1 mol. p- 
dimethylaminobenzaldehyde was obtained in bright red plates 
melting at 110° (Yield: 10 grams.) The same additive product 
can also be obtained from the free ketone by dissolving the two 
components in hot alcohol and allowing the solution to crystallise 
(Found: C=7383; H=69; N=6-0. C H,,0,N,C,H,,ON 
requires C = 73°7; H=68; N=5:9 per cent.). On boiling 
this double compound with benzene for about two hours, there 
erystallise out glistening, greenish-purple leaflets which melt 
sharply at 120° (rapid heating), and prove to be the benzene additive 
product, the p-dimethylaminobenzaldehyde having been displaced 
by a half-molecule of benzene (Found: N = 3°9. Cy9H,,0,N,3C,H, 
requires N = 3°9 per cent.). On heating this additive compound 
in the steam-oven for several hours, the free ketone is obtained in 
dark crimson needles, melting at 151° (Found: C= 740; H= 
67. CyjH,,0,N requires C = 74:3; H=6°5 per cent.). The 
hyl acetate additive product, obtained by dissolving the free ketone 
in ethyl acetate and precipitating with light petroleum, forms 
characteristic, black, glistening nodules (Found: N = 3-4. 
CopH,,0,N,C,H,0, requires N = 3°4 per cent.). 


In conclusion, we desire to express our thanks to the Governors 
of the Royal Technical College, Glasgow, for an Exhibition to one 
of us (A.B.W.) which has enabled this work to be carried out. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
THE UNIVERSITY, LIVERPOOL. [Received, December 21st, 1922.] 
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XXXII.—Some Derivatives of Methylenediquinaldin 
and their Relationship to the Carbocyanines. 
By Frances Mary Hamer. 


Ir has been shown by Mills and Hamer that the photographic 


sensitiser known as pinacyanol may be represented by formula | | 


(T., 1920, 147, 1550). As regards the mechanism of the carbo. 
cyanine condensation, we suggested that when alkali 
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acts upon a solution of quinaldine ethiodide, in presence of a quinol- 
inium salt, the first product may be methylenediquinaldine di- 
ethiodide (II), which subsequently loses hydriodic acid, giving III, 
and that from this the carbocyanine is produced, by an oxidation 
involving the removal of two hydrogen atoms. It is, on the other 
hand, conceivable that oxidation of the hypothetical methylene- 
diquinaldine diethiodide may precede the elimination of halogen 
acid, in which case the second intermediate product would be IV * 
instead of III. These considerations show that, apart from the 
inherent interest of compounds of the methylenediquinaldine type, 
the realisation of their preparation was especially desirable in 
order that their relationship to carbocyanine might be put to the 
test; could the dialkylhalide (II) be made the starting point for 
the synthesis of such a dye, this would afford valuable confirmation 
of the pinacyanol formula (I), which differs from the other formule 
which have been suggested (Fischer, J. pr. Chem., 1918, [ii], 98, 
204; Wise, Adams, Stewart, and Lund, J. Ind. Eng. Chem., 1919, 
11, 460) in that the two quinoline nuclei are linked in the «-positions 
by a chain of three carbon atoms. It is with this object that the 
present investigation was undertaken. 

Although methylenediquinaldine is theoretically obtainable by 
condensation of two molecules of quinaldine with one of form- 
aldehyde, yet it has never been described, although the interaction 


* Guia has recently described a substance which he imagines to be the 
base of which IV is the diethiodide (Gazzetta, 1922, 52, i, 349). 
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of these reagents was studied, first by Methner (Ber., 1894, 27, 
2689), and subsequently more thoroughly by Koenigs (Ber., 1899, 
32, 223). A general method of preparation of the dialkylhalides 
of methylenediquinaldine resulted, however, from the discovery of 
a hitherto unknown reaction between two molecules of quinaldine 
alkylhalide and one of formaldehyde, in presence of piperidine ; 
this may be represented by the following equation : 


/ an Pe 
L A )ois + 0H,0 + cH) = 
' NRX RXN — 
ri ar \ Ff \ 
| | Leguopecy.| | |+ H,0 
\ A CHC: CHs\ )) 
NRX RXN 


Thus from quinaldine methiodide and formaldehyde, methylene- 
diquinaldine dimethiodide was obtained, and it was so slightly 
soluble in absolute alcohol as to separate even from the boiling 
reaction liquid. From it, by treatment with the appropriate silver 
salt, the dimethonitrate and the dimethochloride were prepared, 
and this latter was converted into the corresponding dimetho- 
bromide. In preparing methylenediquinaldine diethiodide, a 
modification of the method was necessary because quinaldine 
ethiodide is insufficiently soluble in alcohol to give a solution of 
the requisite concentration; quinaldine ethochloride is, however, 
suitable and its condensation product with formaldehyde was 
converted by means of potassium iodide into methylenediquinal- 
dine diethiodide. By reaction of 6-methylquinaldine ethiodide 
with formaldehyde there was prepared 6 : 6’-dimethylmethylene- 
diquinaldine diethiodide. 

A consideration of numerous analogous reactions (compare 
Decker, Ber., 1905, 38, 2493; Mills, T., 1922, 121, 455) led to the 
expectation that the effect of alkali on methylenediquinaldine 
dialkylhalide would be the elimination of halogen acid, giving a 
compound of type III. It was, however, found that the dialkyl- 
halides are comparatively stable towards alkalis in the cold, whilst, 
on warming, a mixture containing a small percentage of carbocyanine 
is produced. A quantitative experiment with hot alcoholic soda 
showed the yield of pure dye to be less than 4 per cent. of the 
theoretical. It was not increased by the action, together with 
the alkali, of various oxidising agents, such as air, p-benzoquinone, 
or hydrogen peroxide. 

Now the ordinary preparation of carbocyanine is brought about 


by the action of alkali on an alcoholic solution of quinaldine ethiodide, 
x’ 
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quinoline ethiodide, and formaldehyde, and it has been shown that 
the quinoline ethiodide plays no direct part in the condensation, 
but that, in its absence, a poorer yield is obtained (Mills and Hamer, 
loc. cit.). It was possible, therefore, that the addition of a quino- 
linium quaternary salt might also promote the conversion of 
methylenediquinaldine dimethiodide into carbocyanine. This 
proved to be the case, for when soda was allowed to act upon an 
alcoholic solution of the dimethiodide, in presence of quinoline 
methiodide, the yield of dye was tenfold that obtained in its absence, 
Thus the transformation of the dimethiodide of methylenediquinal- 
dine into carbocyanine provides definite evidence of relationship 
between the two and confirms the pinacyanol formula (I). The 
possibility that the carbocyanine was derived not solely from 
methylenediquinaldine dimethiodide, but also from the quino- 
linium salt, was put to the test by using the ethiodide instead of 
the methiodide of quinoline, for the introduction of an extra 
methylene group into the molecule of the product would be capable 
of analytical detection. The dye was, however, identified as 
1:1’-dimethylcarbocyanine iodide by its appearance, melting 
point and mixed melting point, absorption and sensitising bands, 
as well as by analysis. The same compound was obtained when 
6-methylquinoline ethiodide was used instead of the unsubstituted 
substance. It was thus proved that the quinoline quaternary 
compound plays no direct part in the production of carbocyanine. 
This conclusion was confirmed by the action of alkali on methylene- 
diquinaldine diethiodide in presence of quinoline methiodide, when 
the product was 1 : 1’-diethylearbocyanine iodide, as also by its 
action on 6: 6’-dimethylmethylenediquinaldine diethiodide in 
presence of quinoline methiodide, when 6: 6’-dimethyl-1 : l’- 
diethylearbocyanine iodide was obtained. Another possibility to 
be considered was that the methylenediquinaldine dialkylhalide 
might, by the influence of soda, be split into quinaldine alkylhalide 
and formaldehyde, which subsequently reacted in the normal 
manner. But this is disproved because, in an ordinary carbo- 
cyanine condensation, the yield of pure product is only about one- 
fifth of that theoretically obtainable, whereas the yields under 
optimum conditions in the four preparations above described 
varied from 38—47 per cent. of the theoretical. 

The part enacted by the quinolinium salt in this condensation, as 
in that ordinarily used for the preparation of carbocyanine, is still 
obscure. Although theoretically the removal of two hydrogen 
atoms and of a molecule of halogen acid from that of methylene- 
diquinaldine dimethiodide would transform it into carbocyanine, 
yet it is significant that, apart from quinoline alkylhalide, no 
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oxidising agent was found which, in conjunction with alkali, brought 
about this conversion. Whilst 6-methylquinoline ethiodide could 
satisfactorily play the part of the unsubstituted salt, this was not 
the case when the methyl group occupied the 2-position, for with 
quinaldine methiodide there was a considerable diminution in the 
yield; the methiodide of pyridine was quite useless. It is clear, 
then, that the action of the quinoline quaternary salt is a highly 
specific one and the yield is closely dependent on the amount added. 

Benzylidenediquinaldine (V) was prepared in order to ascertain 
whether, from the methiodide of the base, it was possible to syn- 
thesise 10-phenyl-1 : 1’-dimethylearbocyanine iodide. Although 
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this base was described by Koenigs as a colourless, viscous fluid, 
which could not be crystallised (Ber., 1899, 32, 3599), it was now 
obtained as white prisms, by slow evaporation of the solvent from 
a dry, concentrated, ethereal solution. The solid, which melted 
at 90—94° to a cloudy liquid, was converted by heat into a white 


substance of melting point 106°5—107°5°, and this change was 
unaccompanied by change in weight. The reverse transformation 
was effected by dissolving the compound of higher melting point 
in absolute ether and allowing the solvent to evaporate. Complete 
analyses of each substance gave the values required for anhydrous 
benzylidenediquinaldine, whilst their chemical properties were 
identical. Now Scheibe suggested that the isomerism of the 
related substance, diquinolylmethane, is due to the transform- 
ation of one benzenoid pyridine ring into an orthoquinonoid 
form (Ber., 1921, 54, [B], 786): if a similar explanation 
be applied to the isomerism of benzylidenediquinaldine, the two 
desmotropes would be V and VI. Benzylidenediquinaldine differs 
from diquinolylmethane in that the monacid salts appear to be 
colourless like the diacid derivatives; only compounds of the latter 
type were actually isolated and of these the dinitrate had not 
previously. been described. The most striking property of the 
white dihydrochloride was its invariable assumption of a pink tint 
in the dark, but, on exposure to sunlight, it was instantaneously 
restored to its colourless condition. 

When either form of benzylidenediquinaldine was heated with 
methyl iodide in a sealed tube at 55—60°, the dimethiodide was 
formed. Slight lowering of the reaction temperature had so great 
an influence that at 40—50° practically pure monomethiodide 
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resulted, even when a large excess of methyl iodide was present. 
The formation of both methiodides of benzylidenediquinaldine 
contrasts with the behaviour of dibenzothiazolylmethane, which 
reacted as a monacid base towards ethyl iodide (Mills, loc. cit.). 

It was found that the mono- and di-methiodides of benzylidene. 
diquinaldine are very sensitive to the action of alkali, although there 
was no development of a carbocyanine colour. Instead of eliminat- 
ing hydriodic acid from benzylidenediquinaldine dimethiodide, 
alkali brought about complete disruption of the molecule, as was 
shown by the production of tar smelling of benzaldehyde. The 
salt was in fact so unstable that even one recrystallisation from 
water lowered the percentage of iodine by about 2; by repeated 
recrystallisation, pure benzylidenequinaldine methiodide was 
isolated. Probably the mechanism of the reaction is a hydrolysis, 
involving formation of quinaldine methiodide (VII), together with 
compound VIII, which subsequently loses the elements of water. 
hn ites 
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The observation that calcium carbonate liberated benzaldehyde 
and a tar from a benzylidenequinaldine alkylhalide harmonises 
with the conclusion that the action of alkali is to accelerate the 
hydrolysis of benzylidenediquinaldine dimethiodide and, moreover, 
to decompose the resulting benzylidenequinaldine methiodide. 

An experiment strictly comparable with that which sufticed for 
the conversion of benzylidenediquinaldine dimethiodide into the 
methiodide of benzylidenequinaldine was made on methylene- 
diquinaldine dimethiodide, but the latter showed practically no 
evidence of decomposition. It was therefore concluded that the 
stability of the molecule is decreased by the presence of the phenyl 
group. 

The mode of decomposition of benzylidenediquinaldine dimeth- 
iodide suggested the possibility that methylenediquinaldine di- 
methiodide may behave similarly, so that, when it is treated with 
alkali in presence of quinoline ethiodide, the production of methylene- 
quinaldine methiodide and of quinaldine methiodide may precede 
carbocyanine formation. ‘There was, however, no indication that 
this was the case, but, on the contrary, the smooth conversion of 
methylenediquinaldine dimethiodide into carbocyanine rendered 
the formation of these intermediate compounds highly improbable. 
When alkali acted upon a solution of methylenediquinaldine di- 
methiodide and quinoline ethiodide in presence of quinaldine 
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ethiodide (or of the methiodide or ethiodide of 6-methylquinaldine), 
which might combine with the hypothetical methylenequinaldine 
methiodide to form a second carbocyanine, it is true that pure 
1: 1’-dimethylearbocyanine iodide could not be isolated from the 
product, which on recrystallisation formed a curious gelatinous 
mass of very fine needles. There was, however, no evidence that 
the phenomenon was due to contamination by another carbocyanine 
rather than by impurity of a different nature; with the dye formed 
from methylenediquinaldine dimethiodide in presence of the meth- 
iodide of quinaldine, where there could be no question of a second 
carbocyanine, the substance crystallised in the ordinary way, but 
there was produced an abnormally large amount of foreign matter, 
while the yield of recrystallised carbocyanine was low. 


EXPERIMENTAL. 
The Methylenediquinaldine Dialkyihalides. 


Methylenediquinaldine Dimethiodide.—One mol. of 40 per cent. 
formaldehyde solution (3°6 grams) and 2} mols. of quinaldine 
methiodide (37:2 grams) were dissolved in absolute alcohol (120 c.c.), 
and the mechanically stirred mixture was boiled gently. An 
alcoholic solution (3 c.c.) of piperidine (6 drops) caused instant 
darkening in colour, and the separation of solid began after five 
minutes; heating was continued for half an hour. The solid was 
filtered hot, with the object of removing unchanged quinaldine 
methiodide, and it was further extracted with boiling absolute 
alcohol (120 c.c.). The yield of crude product was nearly 80 per 
cent. of the theoretical. Its solution in 14 per cent. hot aqueous 
hydrochloric acid was boiled and the hot filtrate was treated with 
an aqueous solution of potassium iodide. The orange needles of 
methylenediquinaldine dimethiodide were filtered, washed with 
acetone, and dried in a vacuum, and the yield was 64 per cent. of 
the theoretical. When the substance which had been dried at the 
ordinary temperature was further heated in a vacuum at 60—70°, 
it lost water of crystallisation and gave an anhydrous form of 
deeper tint (Found : C = 47°67; H = 4:22; N= 477; I = 43°40. 
C.sH,,NoI, requires C = 47°42; H=416; N=482; I= 43°61 
per cent. Loss on drying = 2°9. C,,H,,N,I,,H,O requires H,O = 
3:0 per cent.). Melting occurred sharply, but the exact point 
varied, according to the rate of heating, between 204° and 210°, and 
it was followed by decomposition. The dimethiodide was very 
slightly soluble in absolute alcohol, but more so in rectified spirit. 
It was insoluble in ether, and very slightly soluble in hot chloroform 
or hot acetone. It dissolved readily in hot water: a solution of 
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1 gram in 20 c.c. was boiled for three hours, and the product 
was recrystallised three times more and washed with acetone 
(Found : I = 43°49 percent.). Them. p. of the salt, of the original 
dimethiodide, and of the mixture was 210°. It was therefore 
concluded that methylenediquinaldine dimethiodide is stable to 
boiling water. 

Methylenediquinaldine Dimethochloride—An alcoholic solution of 
methylenediquinaldine dimethiodide (3 grams), acidified with 
hydrochloric acid, was boiled with excess of silver chloride and, on 
evaporating the filtrate, the theoretical yield of methylenediquin. 
aldine dimethochloride was obtained. By dissolving it in hot 
absolute alcohol containing a couple of drops of hydrochloric acid 
and adding acetone until the commencement of separation, the 
methochloride took the form of chalky, white needles, which became 
pale blue on desiccation. A three times crystallised specimen 
was dried in a vacuum at 60—70°, but from the analysis it would 
seem that, even under this treatment, pure anhydrous salt did not 
result (Found: C= 65:26; H=611; N= 6°53; Cl = 16°85. 
Co3H.,N,Cl,,H,O requires C = 66:18; H = 6:28; N = 6°72; Cl= 
17:00 per cent.). When heated, darkening began at about 145° 
and the compound melted to a blue liquid at 184—186°, with decom. 
position both before and after liquefaction. The methochloride was 
very hygroscopic. It was extremely soluble in water and also very 
soluble in alcohol, but slightly so in acetone and almost insoluble 
in pyridine. 

Methylenediquinaldine Dimethobromide.—The twice recrystallised 
dimethochloride (1°5 grams) was dissolved in hot water with a little 
hydrochloric acid and was treated with a hot aqueous solution of 
twice the calculated quantity of potassium bromide. On recrystal- 
lising the product from absolute alcohol with a drop of hydrobromic 
acid, the yield of pure methylenediquinaldine dimethobromide was 
71 per cent. of the theoretical. The colourless needles on desiccation 
acquired a pale blue tint. The salt which had been dried in the 
steam-oven contained a molecule of water of crystallisation (Found : 
Br = 31°85. C,3;H,,N.Br.,H,0 requires Br = 31:57 per cent.). 
This was lost on further heating in a vacuum at 80—90° (Found : 
loss = 3°5. C,3;H,,N,Br,.,H,O requires H,O = 3°6 per cent.), giving 
the anhydrous salt (Found: Br = 32°95. C,,H,,N,Br, requires 
Br = 32°74 per cent.). On heating, blackening began at 175° 
and the dimethobromide melted at 180—185°. It was less soluble 
in alcohol or water than was the corresponding methochloride, but 
much more so than the iodide. 

Methylenediquinaldine Dimethonitrate. — Methylenediquinaldine 
dimethiodide (1°8 grams) was dissolved in hot water (50 c.c.), 
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acidified with nitric acid (5 drops), and an aqueous solution of the 
calculated quantity of silver nitrate was added. The product 
(11 grams) obtained by evaporation of the filtrate was recrystallised 
from absolute alcohol, in which it was moderately soluble. Its 
pink colour was not lessened by a second recrystallisation, with 
charcoal treatment. For analysis it was dried in the steam-oven 
(Found : NO, = 27:39. C,3H.,4N,(NO3). requires NO, = 27°42 per 
cent.). When heated, decomposition began at 120° and the sub- 
stance had become quite black before the melting point, 178—180°, 
was attained. It was stable towards the oxidising action of dilute 
nitric acid. 

Methylenediquinaldine Diethiodide.—In the preparation of 
methylenediquinaldine diethiodide, quinaldine ethiodide was not 
employed because of its insufficient solubility. Quinaldine etho- 
chloride (9-3 grams ; 24 mols.) and 40 per cent. formalin (1-3 grams; 
1 mol.) were dissolved in absolute alcohol (35 c.c.) and treated 
with piperidine (2 drops). After half an hour’s heating, no solid 
had separated, but an aqueous solution of potassium iodide (10 
grams) precipitated the diethiodide of methylenediquinaldine 
(98 grams). The method of purification was the same as for the 
dimethiodide and, after heating the yellow crystals in the steam- 
oven, the yield was 46 per cent. of the theoretical (Found: C = 
49-03; H=4-72; N=476; I= 41-54. C,;H,,N,I, requires 
C= 49-18; H= 4-63; N = 4-59; I = 41-61 per cent.). Decom- 
position began at about 200° and the melting point was 204—207°, 
according to the rate of rise of temperature. The diethiodide is 
much more soluble in alcohol than is the corresponding dimethiodide. 

6 : 6’-Dimethylmethylenediquinaldine Diethiodide—This was pre- 
pared from 6-methylquinaldine ethiodide (15-5 grams) and separated 
on cooling the alcoholic solution. It was recrystallised once, with 
charcoal treatment, from water containing a drop or two of hydro- 
chloric acid, and the yield was 33 per cent. of the theoretical. 
The pale yellow needles became orange on heating in a vacuum 
at 80—90°, but were then extremely hygroscopic (Found: I = 39-32. 
C,,Hg.N,I, requires I = 39-77 per cent.). The substance dried 
over sulphuric acid at the ordinary temperature contained water 
of crystallisation (Found: C= 49-77; H=536; N= 4-25; 
I = 38°73. C,,Hg ,N,1,,H,0 requires C = 49:38; H = 5-22; N = 
4-27; I = 38-68 per cent.). 


The Action of Alkalis on Methylenediquinaldine Dialkylhalides. 


It was found that the action of alkalis in the cold did not effect 
the removal of halogen acid to any considerable extent, whilst, on 
heating, a small amount of carbocyanine was produced. 
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An alcoholic solution (50 c.c.) of 3 mols. of sodium (0-34 gram) 
was added to a boiling solution of 1 mol. of methylenediquinaldine 
dimethiodide (3 grams) in rectified spirit (350 c.c.) and 4 mol. of 
hydrochloric acid. During twenty minutes’ heating, a blue colour 
gradually developed. Recrystallisation of the product (0-16 
gram) from methyl! alcohol gave pure carbocyanine (0-08 gram), 
but the yield was less than 4 per cent. of the theoretical. At 0°, 
alcoholic soda only caused the development of a carbocyanine colour 
after some hours. 


Preparation of 1: 1’-Dimethylearbocyanine Iodide from Methylene- 
diquinaldine Dimethiodide. 


One mol. of methylenediquinaldine dimethiodide (3 grams) and 
2 mols. of quinoline ethiodide (2-85 grams) were dissolved in hot 
rectified spirit (350 c.c.) with 3} mol. of hydrochloric acid (25 c.c. of 
N/10), and the solution was stirred mechanically and gently boiled. 
A solution of 34 mols. of sodium (0-40 gram) in absolute alcohol 
(50 c.c.) was run in, and the mixture heated for fifteen minutes. 
On addition of the soda, a green colour momentarily appeared, to 
be succeeded by blue, and carbocyanine crystallised from the still 
boiling liquid. A little glacial acetic acid was added (2 c.c.) and 
on the next day the red fluid was filtered. The crude product was 
washed with hot alcohol, when the yield was 56 per cent. of the 
calculated amount. After recrystallisation from methyl alcohol, 
the total yield of anhydrous product (0-95 gram) was 42 per cent. 
For analysis, it was dried in a vacuum at 120—130° until of constant 
weight (Found: C=61-14; H=475; N=619; I = 28-10. 
C,3H,,N.I requires C = 61:05; H=468; N=6-20; I = 28-06 
per cent.). The substance melted with decomposition at 278°; 
melting at exactly the same temperature occurred in the case of a 
specimen of 1: 1’-dimethylcarbocyanine iodide prepared in the 
usual manner, and of a mixture of the two, all three melting points 
being observed simultaneously. The absorption and sensitising 
bands were photographed, by the method described elsewhere 
(Hamer, Phot. J., 1922, 62,8). The substance showed two absorp- 
tion bands, of which that with its maximum at 6150 was broader 
than that of maximum 5900; the sensitising action was weak, 
extending to 6900, with a crest at about 5850. Photographs taken 
under the same conditions with 1 : 1’-dimethylearbocyanine iodide 
proved to be identical in every respect. 

When the amounts of methylenediquinaldine dimethiodide and 
of quinoline ethiodide were kept constant each at 1 mol., while 
the quantity of alkali was varied, an optimum yield of pure carbo- 
cyanine was produced with 24 mols. of excess sodium. The best jvield 
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oe. (42 per cent.) was, however, obtained with 2 mols. of quinoline 
L. of alkylhalide to three of sodium, as described above. Nothing was 
lout gained by raising the amount of quinoline ethiodide to 3 mols., 
O-1¢ § bt if that of the sodium was increased, even by 34 mol., while the 
1m) quantity of quinoline ethiodide remained stationary at 2 mols., 
0° there was a corresponding decrease in the yield; 4 mols. of sodium, 
hao in presence of 3 or 4 mols. of quinoline ethiodide, still gave the 


optimum yield of carbocyanine from methylenediquinaldine di- 
methiodide. When the filtrate from a preparation, in which 
insufficient quantities of soda and of quinoline ethiodide had been 
taken, was subsequently treated with more of these reagents, no 
further formation of carbocyanine resulted. 

In a similar preparation of the dye, quinoline ethiodide was 
replaced by 6-methylquinoline ethiodide, and from 3 grams of 
methylenediquinaldine dimethiodide there was obtained 38 per 
cent. of the theoretical yield of pure carbocyanine (Found: I = 
27-91. C,,H,,NoI requires I = 28-06 per cent.). The melting 
points of this specimen, of dimethylcarbocyanine iodide prepared 
in the usual way, and of the mixture, were then taken simultane- 
ously and all lay at 284°. The sensitisation spectrograph also 
showed the substance to be 1 : 1’-dimethylcarbocyanine iodide. 


Preparation of 1: 1’-Diethylearbocyanine Iodide from Methylene- 
diquinaldine Diethiodide. 


One mol. of methylenediquinaldine diethiodide (3-05 grams) and 
10. 2 mols. of quinoline methiodide (2-89 grams), dissolved in hot 
06 rectified spirit (250 ¢.c.) with } mol. of hydrochloric acid, were 
3°. treated with 3} mols. of sodium, dissolved in alcohol. The carbo- 
re eyanine, which crystallised on cooling, was filtered off and washed 
ne with hot alcohol, and the yield of crude product (1:59 grams) was 
ts 62 per cent. of the theoretical. On recrystallisation from methyl 
ng alcohol the yield of pure dye was 47 per cent. For analysis, it was 
re dried in a vacuum at 120—130° until of constant weight (Found : 
p- C = 62-34; H = 5-40; N = 5-80; I = 26-52. C,,;H,;N,I requires 
- C = 62-48; H = 5-25; N = 5-84; I = 26-43 per cent. Loss on 
k, drying = 6-3. C,,;H,;NoI,CH,°-OH requires CH,-OH = 6-3 per cent.). 
™ Its melting point, that of 1 : 1’-diethylcarbocyanine iodide, and of 
le their mixture, all lay at 287—-288°; melting was in all three cases 

followed by decomposition. In appearance, the green needles of 
d the substance were exactly like those of 1 : 1’-diethylearbocyanine 
le iodide. There were two absorption maxima at 6000 and 5650, 
‘ respectively, and of these, the former band was the more intense ; 
d the compound was an excellent sensitiser, and its action extended 


to 6950 for moderate exposures and was uniform except for a centre 


as cn amen 
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of depression in the green about 5100. The corresponding spectro. § of 

_graphs for 1 : 1’-diethylearbocyanine iodide were indistinguishabk § anal; 
from these. 24-78 

Fr 


Preparation of 6 : 6’-Dimethyl-1 : 1’-diethylearbocyanine Iodide from 
6 : 6’-Dimethylmethylenediquinaldine Diethiodide. 

A solution of 1 mol. of 6: 6’-dimethylmethylenediquinaldine 
diethiodide (3-19 grams) and 2 mols. of quinoline methiodide in 
rectified spirit (300 c.c.) with 4 mol. of hydrochloric acid was treated 
with an alcoholic solution of 34 mols. of sodium. The yield of 
crude product was 61 per cent. of the theoretical, and after two 
recrystallisations from methyl alcohol it was 38 per cent. On 
drying in a vacuum at 120—130°, practically no loss in weight 
took place (Found: C = 63-83; H = 5-81; N = 5-46; I = 25-16, 
Cy7HagNQI requires C = 63-77; H = 5-75; N= 5-51; I = 24-97 
per cent.). The substance showed no sign of melting up to 320°, 
nor did 6: 6’-dimethyl-1 : 1’-diethylearbocyanine iodide, nor a 


mixture of the two dyes. They were exactly similar in appearance. be 
The compound prepared by this new method gave a band of extra § 
sensitisation which had a very marked crest in the extreme red at wh 
7050 and which fell off very rapidly to zero at 7350; this abrupt J 
decrease in sensitiveness is characteristic of 6 : 6’-dimethyl-1 : 1’. hig 
diethylcarbocyanine iodide, and its spectrograph, made for com. | ™ 
parison, was found to be identical. 3 
(0 

Benzylidenediquinaldine and its Diacid Salts. al 

Koenig’s method of preparing benzylidenediquinaldine was ” 
followed (loc. cit.). The hydrochloride was found to be not more ¥ 
but less soluble in water than in absolute alcohol containing a little lis 
hydrochloric acid; after one recrystallisation from the latter Ir 
solvent the yield was 55 per cent. of the theoretical. The crude 0 
dihydrochloride was yellow, but three extra recrystallisations C 
rendered it absolutely colourless. When heated, shrinking began E 
at 147°; m. p. 154—156°. A specimen for analysis was dried in . 
a vacuum (Found: Cl = 15-85. Cale. for C,-H,,N,Cl,, Cl = 15°82 


per cent.). This pure product still exhibited a remarkable property 
which was shown also by the crude substance, namely, where the 
daylight had failed to penetrate, the mass was pink instead of 
colourless. The pink tint was instantaneously dispelled on 
exposure to sunlight, but it redeveloped when the white dihydro- 
chloride was kept in the dark. 

Benzylidenediquinaldine dinitrate was much less soluble in hot 
dilute acid and in water than was the dihydrochloride. The pure 
dinitrate was crystalline and pale yellow. When heated, it became 
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NE , 
sticky at 90° and melted at 100—112°, according to the rate of rise 

ectro. F of temperature. It was dried in a vacuum desiccator before 

shable | analysis (Found: NO, = 24-97. C,,H,,N,(NO3). requires NO; = 


24-78 per cent.). 

From its once recrystallised dihydrochloride, beautiful, colourless 
prisms of benzylidenediquinaldine were obtained by the following 
method: a slight excess of sodium hydroxide was dropped into a 


ildine | cooled aqueous solution of the salt, and the precipitated base was 
de in | extracted with ether; after drying the ethereal solution with 
eated | anhydrous sodium carbonate, most of the solvent was distilled off 
ld of § and the concentrated residue stirred, when crystallisation took 
‘two — place; the benzylidenediquinaldine was usually filtered from the 


On @ small amount of ethereal solution with which it was in contact, as 
sight ff more soluble impurities were thus removed. For analysis, a 
5-16. | specimen was dried over sulphuric acid in a vacuum (Found: 


C= 86:04; H = 5-99; N = 7:37. C,,H,.N, requires C = 86-57; 
H = 5:93; N = 7-49 percent.). Crystalline base was also deposited 
from benzene solution by evaporation of the solvent, and it could 
be recrystallised from hot acetone. When heated, the above 
analytically pure specimen melted at 90—94° to a cloudy liquid, 
which suddenly cleared when the temperature reached 106—107°; 
its behaviour was due to transformation into a modification of 
higher melting point, and such a conversion occurred, without 
melting, when the temperature was slowly raised to 100°. When 
the original base was more rapidly heated, as by placing it on a 
boiling-water bath, it gave a cloudy liquid, which gradually cleared 
and then crystallised on stirring; but if the fluid was allowed 
to cool to room temperature, the resultant glass was of so great a 
viscosity that even stirring and inoculation did not cause its crystal- 
lisation. The melting point of this second form was 106-5—107-5°. 
In two experiments, 35 grams of the dihydrochloride gave 22 grams 


eT 

de of the base; that is, 75 per cent. of the theoretical yield (Found : 
ns C= 86-84; H= 6-08; N= 7-37. C,,H,.N, requires C = 86-57; 
in H = 5-93; N = 7-49 per cent.). Thus from the analysis it was 
in conciuded that the two substances are isomeric forms of benzylidene- 
9 diquinaldine, and this was confirmed because the conversion of the 
y first modification into the second was unaccompanied by change 
" in weight. The reverse transformation was effected by dissolving 
f the substance of sharp melting point in absolute ether, for when the 


solvent evaporated, the form of indefinite melting point was 
recovered. Specimens of each were converted into dihydro- 
chloride, under identical conditions, and both salts formed the 
same type of crystals, with the same melting point. The bases 
behaved alike with methyl iodide. 
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Preparation of the Methiodides of Benzylidenediquinaldine. 


To prepare the dimethiodide of benzylidenediquinaldine, the 
base (10 grams) was heated with a large excess of methyl iodide 
(10 c.c.) in a sealed tube at 55—60° for twenty-four hours. ‘Ty 
ensure the purity of the product, it was powdered and heated for 
a further twenty-four hours with the same amount of methyl 
iodide. After removal of excess of methyl iodide, the solid was 
extracted with ether in a Soxhlet apparatus. The yield of dimeth. 
iodide was 93 per cent. of the theoretical and it was almost pure 
(Found: I = 38-15 per cent.), but the complete purification was 
somewhat troublesome. It was boiled twice with small quantities 
of absolute alcohol, and after this treatment the iodide for analysis 
was recrystallised twice from ethyl alcohol and dried in a vacuum 
at 60—70° until of constant weight (Found: C = 52-79; H= 
4:33; N=419; I = 38-26. C,H,,N,I, requires C = ‘52-89; 
H = 4-29; N= 4-26; I = 38-57 per cent.). This dimethiodide 
formed minute, very pale yellow crystals which when heated began 
to darken at 170° and melted at about 183—200° with much 
decomposition. It was only slightly soluble in hot alcohol, but 
readily soluble in chloroform and could be precipitated by the 
addition of ether. The pure dry dimethiodide appeared quite stable. 

Attempts to prepare the monomethiodide of benzylidenedi- 
quinaldine by heating the substance with one equivalent of methyl 
iodide in a sealed tube at 55—60° resulted in the production of 
dimethiodide together with unchanged base; the compound was 
eventually obtained in a state of purity by an experiment in which 
a large excess of methyl iodide was used, and one which would have 
yielded pure dimethiodide, but for the fact that the temperature 
of the bath was only 48°. Benzylidenediquinaldine (4 grams) and 
excess of methyl iodide (4 c.c.) were heated in a sealed tube at 
48° for twenty-four hours; the product was powdered and again 
heated with methyl iodide (6 c.c.) for twenty-four hours. After 
extraction with ether and recrystallisation from alcohol, the yield 
of pure product was 76 per cent. It was dried in a vacuum at 
60—70° until of constant weight (Found: C = 64-80; H = 4-99; 
N=5:31; I= 24-40. C,.H,,N,I requires C = 65-10; H = 4°88; 
N = 5-43; I = 24-59 per cent.). Darkening in colour occurred 
at about 155° with gradual decomposition from that point; m. p. 
170—177°. The monomethiodide formed larger crystals than the 
dimethiodide and differed from it by its considerably greater 
solubility in chloroform and in alcohol, and by its insolubility in 
water, whence addition of water to the alcoholic solution caused its 
precipitation. 


S- 
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The Action of Water on Benzylidenediquinaldine Dimethiodide. 


ne. 

e, they Benzylidenediquinaldine dimethiodide readily dissolved in hot 
iodide water, giving a solution with a faint tinge of purple, and, on cooling, 
s. To large orange crystals separated; analysis showed thé percentage of 
ed for] iodine to have dropped by about 2. To investigate the nature of 
nethy|@ this change, a solution of the dimethiodide (3 grams) in water 
dl was (135 c.c.) was boiled under reflux for two and a half hours, and the 


slid which separated on cooling was recrystallised three times. 
The product (0-9 gram) was in the form of orange needles, which 
darkened on drying; m. p. 231—232° with decomposition. For 
analysis, a specimen was heated in a vacuum at 60—70°, and the 
results were those required for benzylidenequinaldine methiodide 
(Found : C = 57-92; H = 4-43; N = 3-81; I = 33-71. C,gH,,NI 
requires C = 57-91; H = 4:32; N = 3-76; I = 34-02 per cent.). 


meth. 
; pure 
Nn was 
i tities 
alysis 
cuum 


2-89: f A specimen of benzylidenequinaldine methiodide, which was pre- 
xdide § pared for the sake of comparison, melted at the same temperature, 


and the melting point of the mixture was no lower. The compounds 
were identical in appearance. It was therefore concluded that, by 
the action of water, benzylidenediquinaldine dimethiodide is 


but 

the | converted into benzylidenequinaldine methiodide. 

ble. Benzylidenequinaldine methiodide, for comparison, was obtained 
edi. | by heating benzylidenequinaldine (13 grams) and excess of methyl 
thyl fF iodide (2 ¢.c.) in a sealed tube at 63—65° for twenty-four hours. 
of & After extraction with ether, the residue was recrystallised from 


water, when the yield was 66 per cent. of the theoretical value. 
For analysis, the compound was dried in a vacuum at 55—65° 
(Found: I = 33-85 per cent.). The orange crystals melted at 
231—232° with decomposition. 


I am deeply indebted to Dr. W. H. Mills for his advice. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, November 25th, 1922.] 


XXXIII.—An Examination of the Alleged Antimonious 
Hydroxides. 


By Cuarutes Lea and JoHN Kerroot Woop. 


Ix connexion with work done by the authors on the oxychlorides 
of antimony, which will form the subject of a separate communica- 
tion, it became necessary to investigate the action of hydrochloric 
acid on hydrated antimonious oxide. A search of the literature 


260 LEA AND WOOD: AN EXAMINATION OF 


disclosed a certain amount of confusion concerning the nature and 
composition of the latter substance and therefore it was thought 
desirable to made a few experiments in the hope of obtaining more 
definite information on the subject; the results obtained in this 
inquiry form the subject of the present paper. 

In the early literature no mention is made of the existence of 
any definite antimonious hydroxide. Mitscherlich (J. pr. Chem, 
1840, 19, 445), referring to the precipitate obtained in the cold by 
the action of solutions of sodium carbonate on antimony chloride, 
states that the precipitate usually changes in the cold, and always 
on boiling, into a fine powder consisting of small octahedra of the 
oxide. A statement is, however, met with in some modern works 
to the effect that, under the conditions specified, a precipitate of 
definite composition, usually described as metantimonious acid, 
is obtained. Schaffner (Annalen, 1844, 54, 168) referred to a 
product which he considered to be pyroantimonious acid, but this 
was later shown by Serono (Gazzella, 1894, 24, 274) to consist of 
orthoantimonic acid. Clarke and Stallo (Ber., 1880, 13, 1792) 
claimed to have prepared an orthoantimonious acid by the action 
of sulphuric acid on barium antimony] tartrate. The addition of 
a mineral acid to tartar emetic yielded a product which contained 
varying amounts of tartaric acid and of the precipitating agent, 
but Clarke and Stallo stated that the impurities in question could 
be almost entirely removed by washing. Guntz (Compt. rend., 
1886, 102, 1472) disputed this statement and asserted that even 
after washing until the wash-water gave no acid reaction the 
precipitate still contained 5 per cent. of tartaric acid. 

Long and Sauer (J. Amer. Chem. Soc., 1891, 17, 87) also made 
experiments on the decomposition of tartar emetic solutions, using 
as precipitants solutions of alkaline carbonates, phosphates, acetates, 
tungstates, etc. No analyses of the products were given except 
in the case of that obtained by the use of sodium tungstate, in 
which case the precipitate was contaminated with tungstic acid 
and contained antimony varying in amount between 80-2 and 
80-9 per cent.; Sb,0,,3H,O requires Sb = 80-81 per cent. 

Whilst not actually disproving the existence of definite hydroxides 
of antimony, the experiments made by the authors show that under 
the conditions specified by Clarke and Stallo the precipitate obtained 
does not correspond in composition with orthoantimonious acid. 
The composition of the product obtained by Long’s method varies 
somewhat according to the temperature of preparation; at the 
ordinary temperature, the composition of the precipitate approxim- 
ates to Sb,0,,3H,0. 
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more § Action of Acids on Tartar Emetic and Similar Compounds. 
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With the object of repeating the work of Clarke and Stallo, a 
quantity of barium antimonyl tartrate was prepared by mixing 
glutions containing equivalent amounts of tartar emetic and 
barium chloride. The dried crystalline product was found to 
ontain 19-1 per cent. of barium; barium antimony] tartrate 
requires Ba = 19-32 per cent. 

An aqueous solution of the barium salt was mixed in the cold 
with one containing the theoretical amount of sulphuric acid for 
double decomposition. The filtrate obtained by removal of the 
barium sulphate was boiled and yielded a white precipitate, which 
was filtered, thoroughly washed, and air-dried. The amount of 
antimony present in two separately prepared samples was estimated 
[Found : (a) Sb = 64-2 per cent., equivalent to Sb,O, + 4-73H,0; 
() Sb = 65-2 per cent., equivalent to Sb,O, ++ 4:37H,O]. 

Clarke and Stallo stated that their preparation, supposed to 
have a composition represented by the formula Sb,03,3H,O, was 
stable at 150°, but on heating sample (a) in a steam-oven until 
it acquired constant weight it was found that the resulting product 


ee had a composition in agreement with the formula Sb,0,,2-29H,0. 
a Sample (b) was unchanged in composition after six months’ 
aad keeping in a closed bottle. 
the A solution of tartar emetic was then treated with hydrochloric 

acid; the resulting precipitate was washed by decantation until 
me it commenced to peptise, when it was filtered, washed with water 
ng until the washings gave no reaction for chlorides, and dried on 
é a porous plate until of constant weight. The product contained 
pt 66-0 per cent. of antimony, corresponding with a composition of 
te §$b,05,4:21H,O; a similar sample left exposed to air, but protected 
id from dust, was found after six months to have a composition 
id § Curesponding with Sb,0,,4:-44H,0. 


Another portion of the washed product was kept in contact 
with a large volume of water for six months. The originally white 
solid had then assumed a pale buff colour, whilst the supernatant 
liquid was acid in reaction and gave a white precipitate with silver 
nitrate insoluble in nitric acid. There was also present a gelatinous 
product, apparently organic in nature, similar to that frequently 
observed in solutions of tartaric acid which have been kept for 
some time. The buff-coloured solid, after washing and drying, 
contained 82-6 per cent. of antimony; antimonious oxide requires 
Sb = 83-3 per cent. Under the microscope, the substance was seen 
to be made up of minute, octahedral crystals; the original dry 
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powder, however, was absolutely devoid of crystalline character and 
appeared to consist of minute, translucent globules when examined 
by means of the microscope, whilst when heated in an ignition 
tube it became distinctly charred and water was driven off. The 
original substance, on moistening, was found to have a faintly acid 
reaction towards litmus paper and to contain a trace of chlorine, 

The observations of the authors tend, therefore, to support the 
views of Guntz rather than those of Clarke and Stallo. Although 
the hydrated antimonious oxide cannot be freed from tartaric and 
mineral acids by the ordinary methods of washing, it would appear 
that these impurities are removed when the substance is left for a 
long period in contact with a large volume of water, and that 
during the process of purification the hydrated product undergoes 
conversion into the anhydrous oxide. 

Action of Sodium Carbonate on Tartar Emetic.—According to 
Long (loc. cit.), a hydrated antimonious oxide is formed when tartar 
emetic is decomposed by solutions of salts having an alkaline 
reaction. The reaction was studied by the authors under various 
conditions of temperature, an amount of sodium carbonate some- 
what in excess of that theoretically required being added to the 
tartar emetic solution. When the reaction took place at the tem- 
perature of the laboratory the precipitate only appeared after the 
mixture had stood over-night, but when boiling solutions of the 
two compounds were mixed an immediate precipitate was obtained. 
The precipitates were washed several times by decantation and 
were then filtered and washed very thoroughly in the Biichner 
funnel; the washed precipitates were dried in the air until of 
constant weight and were then analysed, the following results 
being obtained : 

(a) Product obtained at room temperature: Sb = 80-85 per 
cent., corresponding with Sb,0;,0-49H,0. 

(6) Product obtained at 100°: Sb = 82-87 per cent., correspond- 
ing with Sb,0,,0-09H,0. 

It appears from the above results that the water content of 
the product is affected by the temperature at which precipitation 
takes place, and it was accordingly decided to carry out an experi- 
ment at 0° in the hope that a hydroxide of definite composition 
might be obtained. The precipitate obtained was treated in the 
same way as the previous ones and was found to have a composition 
corresponding with Sb,0.,0-63H,O. Both this product and that 
obtained at room temperature consisted for the most part of minute, 
globular particles mixed with a few octahedral crystals; the sub- 
stance prepared by the interaction of the boiling solutions consisted 
almost entirely of octahedra. 
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Action of Alkaline Carbonates and Hydroxides on Antimonious 
Chloride.—It is stated in some text-books that a precipitate having 
the composition of metantimonious acid is obtained by the action 
of alkaline carbonates on solutions of antimonious chloride. On 
examining this reaction, it was found that a precipitate similar in 
appearance to that resulting from the addition of acids to tartar 
emetic was obtained, but this changed aiter a few minutes into a 
comparatively dense, cream-coloured powder which, after washing 
and drying as usual, was found to have a composition corresponding 
with Sb,O3,0-45H,O. The appearance of the substance, when 
examined microscopically, was similar to that of the product 
prepared by Long’s method. 

It had been observed that when solutions of antimonious chloride 
were titrated with sodium hydroxide the reaction towards its close 
proceeded very slowly and it was thought this might be due to 
the acid present in the amorphous precipitate, which was assumed 
to be an oxychloride, being only slowly removed. It was con- 
sidered that a more definite end-point might be attained by adding 
a slight excess of alkali and then titrating back with a standard 
acid solution. This was actually found to be the case, but the 
precipitate under these latter conditions changed in a few minutes 
to a dense cream-coloured powder, whereas when the alkali was 
added drop by drop to the original solution until a permanent red 
colour was obtained with phenolphthalein, the precipitate remained 
quite unaltered in appearance for a considerable period. In spite 
of the difference in behaviour, the amount of alkali required in the 
two experiments was the same, thus indicating that the same 
amount of chlorine had been removed in each case. If, therefore, 
the original assumption that the amorphous white precipitate 
consisted of an oxychloride was correct, the cream powder should 
have a similar composition. In order to test this point, some of 
the cream-coloured product was filtered, washed with alcohol and 
ether to avoid hydrolytic decomposition, dried, and analysed. 
The amount of chlorine found was less than 0-1 per cent., so pre- 
cluding the possibility of the substance being an oxychloride, 
whilst the percentage amount of antimony present was 81-0, 
corresponding with a composition of Sb,0;,0-45H,0. On examin- 
ation under the microscope, it was found to consist of minute, 
globular particles, and therefore resembled the products obtained 
by the other methods which have been described. The substance, 
instead of being an oxychloride, was evidently a hydrated anti- 
monious oxide containing a small amount of adsorbed hydrochloric 
acid. 

The action of ammonia on solutions of antimonious chloride was 
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also investigated, and it was found possible by this method to 
prepare antimonious oxide in a slightly hydrated condition and 
in a very fine state of division. The most satisfactory method of 
preparation consisted in pouring a solution of antimonious chloride 
in hydrochloric acid into an excess of a dilute solution of ammonia, 
the mixture being well stirred during the operation. As a result 
of this reaction, a white precipitate in a very fine state of division 
was obtained; it was washed with hot water until the washings 
gave no reaction either with Nessler’s reagent or with a mixture 
of silver nitrate and nitric acid. When dried at 100°, the product 
contained 82-16 per cent. of antimony and only a minute trace of 
chlorine; no evidence of crystalline structure could be detected 
even when the substance was examined under the high power of 


the microscope. 
Discussion of Results. 


The results obtained by the authors appear to be readily explained 
in terms of the theory advanced by Collins and Wood (T., 1922, 
121, 441) in relation to the isomerism of the stannic acids. 

When hydrated antimonious oxide is liberated, as by the action 
of a mineral acid on a solution of tartar emetic, the finely divided 
precipitate tends to adsorb some of the added acid or some of the 
liberated tartaric acid, forming an adsorption product in equilibrium 
with the solution. On removing the supernatant liquid by decanta- 
tion and replacing it with fresh water, the equilibrium conditions 
are disturbed, and some of the adsorbed acid is removed; this 
operation is repeated at each decantation, until eventually it 
becomes impossible to detect the acid in the solution by the ordinary 
methods. 

The gradual removal of the acid makes possible the commence- 
ment of another action. Antimonious oxide is amphoteric in 
character, but as long as an appreciable quantity of an acid is 
present the behaviour of the hydrated oxide in an acidic capacity is 
impossible. As the acid is removed, however, the hydrated oxide 
begins to act as an acid in addition to behaving as a base; inter- 
action between molecules acting in these two capacities will lead 
to the formation of a condensation product of a salt-like nature. 
If the solid is left in contact with water for a considerable period, 
the last traces of adsorbed acid are slowly removed and the process 
of condensation continues until an almost anhydrous product is 
eventually obtained. 

Hydrated antimonious oxide is more feeble as an acid than as a 
base. When, therefore, the substance is precipitated by an alkaline 
reagent, there is little tendency for the formation of adsorption 
compounds with the alkali employed; on filtering and washing 
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the product, therefore, condensation can proceed unchecked and 
the almost anhydrous oxide is obtained more readily than when 
an acid precipitant is employed. 

The results obtained when a solution of antimonious chloride is 
titrated with sodium hydroxide may be explained as follows. The 
precipitate begins to separate before the neutral point is reached 
and may at this stage be regarded as a hydrated basic chloride. 
As the addition of the alkali is slowly continued, the chlorine is 
gradually removed, the removal of the last traces of halogen by the 
practically neutral solution taking place slowly; the small amount 
of acid retained by the precipitate makes no appreciable difference 
to the titration, but retards the process of condensation. If a 
slight excess of alkali is added, the whole of the halogen is eliminated, 
condensation can then proceed unhindered, and the nearly anhydrous 
oxide results. 


COLLEGE OF TECHNOLOGY, 
MANCHESTER, (Received, November 16th, 1922.] 


XXXIV.—2 : 5-Iminodihydro-1 : 2: 3-triazole. Part I. 
Constitution of Dimroth’s 5-Antlinotriazole. 


By Pavirra Kumar Dutt. 


Dmroru (Ber., 1902, 35, 4041; Annalen, 1909, 364, 183) claims to 
have discovered a peculiar case of isomeric change of the diazo- 
amine type in connexion with his work on the synthesis of 1 : 2: 3- 
triazole derivatives. For instance, 5-amino-l-phenyl-1 : 2: 3- 
triazole-4-carboxylic ester (I), when heated in alcoholic solution 
with eee ethoxide, is transformed into an isomeric substance, 
§-anilino-1 : 2 : 3-triazole-4- carboxylic ester (II). The mechanism 
of the eset which is reversible, is explained by the author in 
the following manner : 


«) Pan<N— 


Petes ino NH, R,O-N-N 


C(NH,): é. €O,R <;>, PhNH-C———C-CO,R 


—R,OH i<8 
as NE<CWHPh):6-co,R &™ 
The same change is brought about by the action of boiling 
pyridine or by heating the dry substance alone. 
The two esters, on hydrolysis, give the two corresponding carb- 
oxylic acids. Both, however, give the same acetyl derivative, 
corresponding to formula II inasmuch as it produces the ester II 


on being hydrolysed with aqueous alkali. 
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The two carboxylic acids, when heated, lose carbon dioxide and 
produce the same substance, m. p. 139°, to which Dimroth ascribes 
the constitution of 5-anilinotriazole (ITI). 


iN .——— 

(IIL.) NE<,, NHPh):< Jee PhN < C(NH,): a (IV.) 

Dimroth also prepared an isomeride of this compound, m. p. 110°, 
in a manner which leaves no doubt as to its constitution (Annalen, 
1909, 364, 210). He represents this substance as 5-amino-l. 
phenyl-1 : 2 : 3-triazole (IV). 

The latter (IV), when heated alone at 145° or boiled with pyridine, 
is converted into the former (III). The mechanism of the change 
is, according to Dimroth, the same as that of the ester I into II, 
and he accounts in a similar way for the conversion of 5-methyl- 
amino-1-phenyl-1 : 2 : 3-triazole (V) into 5-anilino-1-methyl-1 : 2 : 3- 
triazole (VI) by heating with water or pyridine. 


—— a 38 . 

(V.) PhN<, C(NHMe):¢ Me NS C(NHPh): by WE) 

No attempt has been made by Dimroth to elucidate the con- 
stitution of what he calls 5-anilinotriazole (III). The formation 
of a nitroso-compound is not sufficient proof of its constitution, 
and one of the. objects of this investigation was to find evidence 
for or against this formula. The conversion of Dimroth’s 5- 
methylamino-1-phenyltriazole (V) into 5-anilino-1-methyltriazole 
(VI), which he regards as a proof of its constitution, merely shows 
that the mechanism of the isomeric change, whatever it may be, 
is the same in all three cases. 

It appeared to the author that Dimroth’s hypothesis is untenable 
on the ground that the same changes are brought about in a solvent 
like dry pyridine or by heating the dry substances only. In this 
paper a simpler explanation of this change is formulated. 

Assuming the structure of Dimroth’s 5-methylamino-1-phenyl- 
triazole to be correctly represented by V, it can be easily imagined 
that under the influence of heat or various reagents the hydrogen 
atom of the methylamino-group migrates from the nitrogen to the 
adjacent carbon atom of the triazole ring, the consequent redistribu- 
tion of the valencies of the different atoms forming part of the ring 
being represented in VII. Ring closure by union of the free 
valencies of the nitrogen atoms would immediately ensue and the 
four-membered ring (VIII) be produced. 


N—N _-—-N —=—N 
(vi) PhN< CH—CH PLN, >NMe rl 


VIII. 
CH ( ) 


MeN- 
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sili MeN< N>NPh 


Now from its method of formation, Dimroth’s 5-anilino-1-methyl- 
triazole may be regarded as having undergone the same isomeric 
change (IX > X). 

On comparing the two formule VIII and X, it is easily seen that 
they nogeeoant the same substance. The change of the substance 
V, m. p. 102°, into the isomeride (X) of m. p. 172° is thus made 
clear. The constitution of the latter is, however, not thereby 
proved, for it may be represented by VIII (or X) or by that (V1) 
of Dimroth’s 5-anilino-1-methyltriazole, the hydrogen atom 
attached to the tertiary carbon atom (formula VIII or X) having 
wandered to the negatively substituted nitrogen atom with conse- 
quent opening of the four-membered ring. 

In order to obtain evidence for one or other of these formule 
(VI and VIII), and also in support of the scheme just formulated, 
two different series of compounds have been made under exactly 
similar conditions. In one series, 5-hydroxy-1l-phenyl-1 : 2: 3- 
triazole-4-carboxylic ester (Dimroth, Ber., 1902, 35, 4040), prepared 
by condensing phenylazoimide with malonic ester, was converted, 
by successive treatment with phosphorus pentachloride and with 
p-toluidine, into an ester, the free acid of which, by loss of carbon 
dioxide, readily gave a substance, m. p. 171—172°, which would, 
according to the above hypothesis, have the constitution 


, ke ee | 1 N == N 
(XI) PLN, >N C,H, Ho, OF C,H,N C(NHPh):OH (XIL.) 
The substance does not give an acetyl or an N-nitroso-derivative 
and therefore its constitution must be represented by XI. 
Similarly, in the second series of experiments, starting from 
p-tolylazoimide and malonic ester and going through the same 
course of reactions but substituting aniline for p-toluidine, the free 
acid obtained yielded, by loss of carbon dioxide, the identical 
substance (XI), m. p. 171—172°. The constitution given to the 
substance, and the hypothesis formulated above, may therefore 
be regarded as established, although the evidence is mainly indirect. 
erenaiaa 5-anilinotriazole — therefore be regarded as 
: 5-imino-1-phenyldihydro-1 : 2 : 3-triazole, 


PLN< A HONE >NH_ il, (XIII) 


This formula accounts for all its properties as yet examined. 
For example, it gives a colourless mononitroso-compound which 
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dissolves in alkalis, forming a colourless solution. On keeping, 
especially in sunlight, and on recrystallisation from alcohol, it 
changes to a greenish-yellow compound. The latter gives a red 
solution in alkalis, from which the yellow nitroso-compound is 
precipitated on the addition of acids. These changes may be 
represented as follows : 


(XIV.) PANGS SNNO f], —> PANG NSNNO Tot 


Colourless. 


-N a | 
PhN< cHo N(OH)-ONa Wa 
Colourless salt. 

(Xv.) PANG SN-NOH N | —> PANCASN-NONa 1} 

CH C————CH 
baer Coloured salt. 

The nitroso-compound, when heated with water or sodium 
bicarbonate solution, gives the original phenyliminodihydrotriazole 
(XIII), and when heated with aniline forms the same compound 
together with aminoazobenzene. 

The substance XIII gives a monomethyl (m. p. 198—199°) and 
a monoacetyl (m. p. 141—141-5°) derivative, as would be expected 
from its structure. If Dimroth’s formula were correct, a disub- 
stituted product should be formed in each case. It should, however, 
be mentioned that the monomethyl derivative described in this 
paper differs in its melting point from Dimroth’s 5-anilino-1-methyl- 
triazole (m. p. 172°), and it is hoped that further work will reveal 
the constitution of the former. 

Lastly, the substance XIII is not very stable. Treated with an 
oxidising agent, it readily decomposes, giving off nitrogen and 
phenylearbylamine. Its alcoholic solution gradually decomposes 
at the ordinary temperature and smells strongly of carbylamine, 
and the same odour is developed even by the carefully purified, 
odourless substance, after keeping in a dry bottle for some time. 
It seems as though the internal strain of the four-membered ring 
is sufficient to make the whole molecule unstable. 

Dimroth’s acid ester (II) should, according to the evidence put 
forward in this paper, be regarded as having the constitution : 


A oe 
Xvi.) PhN NH 1 
(XVL) Ph oe HoNE_Ucor 
It is obvious that the transformation of the ester I into XVI 
and vice versa by the action of heat or various reagents can also 
be accounted for by the same scheme as given above (p. 266). 
The iminodihydrotriazole derivatives having two different 
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radicles in the four-membered ring contain an asymmetric carbon 
atom. Experiments on the resolution of these compounds are in 


progress. 
EXPERIMENTAL. 


Phenylazoimide.—The method of preparing aromatic azoimides 
previously described (T., 1921, 119, 2088) has been modified so 
that fairly large quantities can be made in a short time and at a 
reasonable expense. Twenty-eight grams of aniline, dissolved in 
90 c.c. of strong hydrochloric acid and 90 c.c. of water, are diazo- 
tised with 21 grams of sodium nitrite dissolved in 60 c.c. of water. 
The diazo-solution is added to a solution of 51 grams of p-toluene- 
sulphonamide and 45 grams of sodium hydroxide in 700 c.c. of 
water at the ordinary temperature. After some time, the mixture 
is steam-distilled and the azoimide purified in the ordinary way. 
Yield 26—27 grams. 

p-Tolylazoimide.—The same procedure is followed in this case. 
Forty grams of p-toluidine, dissolved in 120 c.c. of strong hydro- 
chloric acid and 90 c.c. of water, are diazotised with 28 grams of 
sodium nitrite in 60 c.c. of water. The diazo-solution is added to 
51 grams of p-toluenesulphonamide and 60 grams of sodium 
hydroxide dissolved in 700 c.c. of water. Yield 31—32 grams. 

Ethyl 5-Amino-1-phenyl-1 : 2 : 3-triazole-4-carbozylate (Formula 
I)—A cold solution of 4-6 grams of sodium in 100 c.c. of anhydrous 
ethyl alcohol is mixed with 22 grams of phenylazoimide, and 
22 grams of ethyl cyanoacetate are gradually added with frequent 
shaking and with external cooling. After leaving over-night, the 
mixture is diluted with about 600 c.c. of water. The precipitate 
(yield 29—30 grams; m. p. 125—126°) crystallises from benzene 
in needles and from alcohol in plates, the melting point remaining 
unchanged (Found: N = 24-26. Calc., N = 24-13 per cent.). The 
filtrate and washings, when acidified with concentrated hydrochloric 
acid, give a crystalline precipitate (prisms) of the free acid, which 
nelts at about 140° with decomposition. Yield 5—6 grams. The 
crude acid is crystallised from alcohol with charcoal treatment 
and then melts at 141—142° with decomposition (Found : C = 53-01; 
H = 4-20; N = 27-65. Calc., C= 52:94; H = 3-92; N = 27-45 
per cent.). The same carboxylic acid is obtained by hydrolysing 
the above ester with aqueous alcoholic sodium hydroxide. 

The acetyl derivative of the ester, obtained by boiling it with 
an equal weight of acetic anhydride for half an hour, separates 
from spirit in needles, m. p. 103—104° (Found: N = 20-51. Cale., 

= 20-44. Dimroth gives m. p. 90° or? N = 20-11 per cent.). 

Ethyl 2: 5-Imino-1-phenyldihydro-1 : 2 : 3-triazole-4-carboxylate 
(XVI).—Thirty grams of the ester I sted 70 c.c. of dry aoe 

VOL. CXXTII. 
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are heated together under reflux at 150—160° for five to six hours, 
The mixture is then poured into 500 c.c. of water, cooled, and 
acidified with hydrochloric acid. The precipitate, which resembles 
cotton wool in texture and appears under the microscope as a mass 
of long, hairy crystals, is collected, dissolved in spirit, and the 
solution treated with a large volume of aqueous sodium carbonate 
(10 per cent.). A little unchanged insoluble ester having been 
removed, the filtrate is acidified and the imino-ester (yield 28—29 
grams; m. p. 124—126°) recrystallised from dilute alcohol ; needles, 
m. p. 129—130° (Found: N = 24-21 per cent.). 

The acetyl derivative of this ester, obtained as in the previous 
instance, melts at 103—104°, alone or mixed with the acetyl 
derivative of ester I. 

The methyl derivative of the ester is prepared by boiling 11-6 
grams (1 mol.) of the substance in a solution of 4-6 grams (2 atoms) 
of sodium in 100 c.c. of anhydrous alcohol together with 30 grams 
(more than 2 mols.) of methyl iodide until neutral. The alcohol 
having been distilled off and water added to the residue, the mixture 
is made slightly alkaline and cooled, and the solid (yield 8 grams) 
recrystallised from benzene; needles, m. p. 988—99° (Found: N = 
23-16. C,,H,,O.N, requires N = 22-76 per cent.). The substance 
is therefore a monomethyl derivative. Its constitution has not 
yet been proved. Unlike the parent ester, it does not give pheny]- 
carbylamine when treated with sodium hypobromite. When 
hydrolysed with alcoholic sodium hydroxide, it gives the free acid, 
and the latter on recrystallisation from spirit melts at 222° with 
decomposition (Found: N = 25-64. Cy, 9H,9O,N, requires N = 
25-68 per cent.). , 

Conversion of ihe Imino-ester (XVI) into the Amino-ester (I).— 
Ten grams of the ester and 150 c.c. of anhydrous alcohol are heated 
under reflux while a current of dry hydrogen chloride is passed 
through for six to seven hours. The alcohol is now distilled 
off, the residue treated with a large volume of aqueous sodium 
carbonate (10 per cent.), and the precipitate, after being washed 
and dried (yield 2-5 grams), recrystallised from benzene. The 
product melts at 125—126° (Found: N = 24-61 per cent.) and is 
identical with the ester I. From the filtrate, the imino-ester is 
obtained on the addition of hydrochloric acid. Dimroth (Annalen, 
1909, 364, 205), by heating the substance in alcoholic solution at 
150° for three hours, obtained a 23 per cent. conversion into the 
amino-ester (I), but he did not isolate the product. 

Hydrolysis of the Acetyl Derivative of the Ester —Ten grams of the 
acetyl compound, dissolved in alcohol, are heated in a current of 
dry hydrogen chloride as in the previous experiment. After two 
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hours’ heating, the mixture is treated with sodium carbonate 
solution. A little insoluble matter (0-7 gram) is collected and 
recrystallised from alcohol. It melts at 124—126° (Found: N = 
24-26 per cent.) and is identical with the ester I. The sodium 
carbonate solution, on the addition of hydrochloric acid, gives a 
considerable quantity of the ester XVI. The acetyl compound is 
therefore derived from the latter. 

2: 5-Imino-1-phenyldihydro-1 : 2: 3-triazole (Formula XIIT).— 
Dimroth (Ber., 1902, 35, 4041) prepared this compound by heating 
the acid corresponding with the ester I and obtained a yield of 
73 per cent. of the crude substance. A better method is as follows : 
20-4 grams of the free acid and 50 c.c. of dry pyridine are heated 
together under reflux at 120—130°. After half an hour, the evolu- 
tio of carbon dioxide ceases, and after two hours the liquid is 
poured into 500 c.c. of cold water, acidified with hydrochloric acid, 
and the solid collected; m. p. 138—139°, yield 14-5 grams (90 per 
cent.). After recrystallisation from alcoholic solution with charcoal 
treatment, it is obtained in colourless, rhombic crystals, m. p. 140° 
(Found: N = 35-15. Calc., N = 35:0 per cent.). 

The picrate, obtained by mixing alcoholic solutions of the sub- 
stance and of picric acid, forms needles, m. p. 163° with decomposi- 
tin (Found: N = 25-53. C,H,N,,C,H,O,N, requires N = 25-19 
per cent.). 

The acetyl derivative is obtained by warming the substance with 
three times the quantity of acetic anhydride on the water-bath 
until the mixture just begins to darken. Prolonged heating results 
in decomposition producing a black, sticky mass. The mixture is 
poured into water, made alkaline with sodium carbonate, and the 
precipitate crystallised from spirit; needles, m. p. 141—141-5° 
(Dimroth gives m. p. 137—138°) (Found: N = 28-14. Calc., 
N= 27-72 per cent.). On hydrolysis with aqueous sodium 
hydroxide, the original substance (XIII) is obtained. 

The methyl derivative of the substance (XIII) is obtained in the 
same way as in the case of methylation of the ester (XVI). It 
trystallises from absolute alcohol in thick plates and melts at 
1988—199° (Found: N = 32°32. C,H, )N, requires N = 32-18 per 
cent.). Unlike the parent substance, it is insoluble in alkali and 
does not give carbylamine when treated with alkaline oxidising 
agents. Its constitution has not yet been proved. 

Nitroso-derivative of the Base XIII.—Ten grams of the freshly 
purified base, dissolved in 400 c.c. of dilute hydrochloric acid (10 per 
cent.), are treated at 5° with 5 grams of sodium nitrite, dissolved 
in 100 ¢.c. of water. The colourless precipitate is washed with 


ice-cold dilute hydrochloric acid and with ice-water and dried in a 
L2 
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vacuum desiccator in the dark. Yield 11 grams. It melts with 
decomposition at 117—118° (Dimroth gives m. p. 115—116°) 
(Found: N = 37-6. Calc., N = 37-03 per cent.). It dissolves in 
dilute sodium hydroxide solution in the cold, forming a colourless 
solution, which when warmed gradually turns red and decomposes, 
On prolonged exposure to sunlight, the colourless solid turns 
greenish-yellow and then gives a red solution in alkali. When 
recrystallised from cold alcohol, the coloured crystals are obtained. 
Both substances give Liebermann’s nitroso-reaction. 

The nitroso-compound is insoluble in sodium bicarbonate solution 
in the cold and when heated gradually dissolves with partial de. 
composition (smell of carbylamine). The precipitate obtained 
on acidifying the clear solution melts at 139—140° after recrystal- 
lisation from alcohol and is identical with the parent substance 
(XIII) from which the nitroso-compound is derived. The same 
change occurs when a suspension of the nitroso-compound in 
water is heated. 

Action of Aniline on the Nitroso-compound (XIV or XV).—Five 
grams of the nitroso-compound are heated with 10 c.c. of aniline 
on the water-bath for about two hours, the aniline is distilled off 
in steam, and the residue extracted with hot water and filtered. 
Crystals appear when the filtrate is cooled. These are filtered off 
and the clear filtrate used again for extracting the above residue. 
The total crop of crystals is then thoroughly dried and exhaustively 
extracted in a Soxhlet apparatus with light petroleum. The 
extract deposits a reddish-brown, crystalline substance which 
melts at 124—126° and is aminoazobenzene (Found: N = 21:51 
per cent.). The insoluble residue remaining in the Soxhlet is 
dissolved in alcohol, decolorised by boiling with animal charcoal, 
and crystallised. Colourless crystals are obtained which melt at 
139—140°, alone or mixed with the substance XIII (Found: 
N = 35-2 per cent.). 

Ethyl 5-Hydroxy-1-phenyl-1 : 2 : 3-triazole-4-carboxylaie—A cold 
solution of 9-5 grams of sodium in 125 c.c. of anhydrous alcohol is 
mixed with 50 grams of phenylazoimide, and 70 grams of ethyl 
malonate are added gradually with shaking and cooling. ‘The 
mixture having been heated under reflux for about two hours, the 
alcohol and unchanged azoimide are distilled off in steam, and the 
hot aqueous solution of the residue filtered. On acidifying the 
filtrate with hydrochloric acid, a semi-solid mass separates which 
solidifies on cooling. It is filtered, washed, and dried. Yield 
70—75 grams. On recrystallising from spirit, the ester separates 
in yellow prisms, m. p. 72—73° (Found: N = 18°34. C,,H,,0;N; 
requires N = 18-02 per cent.). 


solve 


from 
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Ethyl 5-Hydroxy-1-p-tolyl-1 : 2 : 3-triazole-4-carboxylate is made 
in the same way as the preceding ester. Using 9 grams of sodium, 
125 c.c. of anhydrous alcohol, 45 grams of p-tolylazoimide, and 
56 grams of malonic ester, 65—70 grams of the crude ester are 
obtained. It crystallises from spirit in dull yellow prisms, m. p. 
gs—99° (Found: N= 17-13. C,.H,,0,N, requires N = 17-0 


per cent.). 
Ethyl 5-Chloro-1-phenyl-1 : 2 : 3-triazole-4-carboxylate, 
N—N 
cs BS CCI: GH-CO, Et’ 


—Thirty-four grams of the hydroxy-ester and 40 grams of phos- 
phorus pentachloride are heated together on a gently boiling 
water-bath under reflux for about an hour and a half. It is well 
to add the phosphorus pentachloride in several portions by 
momentarily disconnecting the flask, as otherwise the reaction is 
likely to become too vigorous. The phosphoryl chloride is then 
distilled off in a vacuum from a water-bath, and the residue dis- 
solved in ether. The ethereal solution is washed several times 
with water, the ether distilled off, and the residue crystallised 
from methyl alcohol; colourless needles, m. p. 80—81° (Found : 
N= 17-09. Cale., N = 16-7 per cent.). The same substance is 
obtained by the action of nitrous acid on the ester I, dissolved in 
concentrated hydrochloric acid (Dimroth, Annalen, 1909, 364, 212). 

Ethyl 5-Chloro-1-p-tolyl-1 : 2 : 3-triazole-4-carboxylate-——This sub- 
stance is made in the same way as the preceding. It crystallises 
from absolute alcohol in colourless prisms, m. p. 61—62° (Found : 
N= 16-07. C,,H,,0,N,Cl requires N = 15-81 per cent.). Using 
35 grams of the hydroxy-ester and 45 grams of phosphorus penta- 
chloride, about 12 grams of the pure chloro-derivative are usually 
obtained and a little more can be recovered from the mother-liquor. 

Action of p-Toluidine on Ethyl 5-Chloro-1-phenyltriazole-4- 
carboxylate —Forty grams of p-toluidine and 25 grams of the ester 
are heated together on a water-bath for five to six hours. The 
excess of p-toluidine is then distilled off with steam, the residue 
dissolved in ether, the ethereal solution washed several times with 
water, and the ether distilled off. The residue, which consists 
of ethyl 2 : 5-p-tolylimino-1-phenyldihydro-1 : 2 : 3-triazole-4-carb- 
oxylate, is hydrolysed with alcoholic potassium hydroxide. The 
aqueous alkaline solution of the free acid is saturated with carbon 
dioxide, decolorised by treatment with animal charcoal, and 
filtered. On adding hydrochloric acid to the cooled filtrate, a 
colourless precipitate of the free acid is obtained, m. p. 84—87° 
with decomposition; yield about 25 grams. Its alcoholic solution, 
when warmed on the water-bath, gradually evolves carbon dioxide, 
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forming the substance XI, which is, however, best obtained by 
heating the free acid in a paraffin-bath at 150—160°. When no 
more carbon dioxide is given off, the residual mass is dissolved jn 
hot alcohol, decolorised, and allowed to crystallise. It form; 
elongated plates or needles which are colourless with a silvery 
lustre, and melts at 171—172° (Found: C=716; H=640: 
N = 22-6. C,;H,,N, requires C=72:0; H=56; N= 224 
per cent.). 2: 5-p-T'olylimino-1-phenyldihydro-1 : 2 : 3-triazole is a 
neutral substance, insoluble in hydrochloric acid or sodium hydroxide 
solution. It is soluble in glacial acetic acid, from which it crystal. 
lises well, and does not react with acetic anhydride even on 
prolonged boiling. 

Action of Nitrous Acid on XI,—1-3 Grams of the substance, 
dissolved in 25 c.c. of glacial acetic acid, are mixed with 10 c.c. of 
dilute hydrochloric acid (10 per cent.), and treated with 2 c.c. of 
25 per cent. solution of sodium nitrite. The nitrous acid acts very 
sluggishly and the mixture gradually turns yellow. After eight 
hours, the clear solution is poured into 400 c.c. of cold water. The 
yellowish-orange gummy mass that separates is filtered, washed 
with water (yield 1-2 grams), dissolved in spirit, and water added 
in smal] quantities, when an emulsion is formed from which orange 
prisms are obtained. These melt indefinitely at 135—140°. The 
percentage of nitrogen in various crops of crystals varies from 23:2 
to 23-5. The nitrogen content for a mononitroso-compound should 
be 25-09 per cent. As the substance does not give Liebermann’s 
nitroso-reaction, it cannot be the N-nitroso-derivative. The nitrous 
acid must have reacted in a way which is at present inexplicable. 

Action of Aniline on Ethyl 5-Chloro-1-p-tolyltriazole-4-carboxylate. 
—Forty grams of aniline and 26-6 grams of the ester are heated 
together on a water-bath for five to six hours and the resulting 
mass is treated as described above (p. 273). The crude free acid 
usually amounts to about 25 grams and melts with decomposition 
at 76—81°. When heated in a paraffin-bath as before, it loses 
carbon dioxide, and the product on recrystallisation from alcohol 
melts at 171—172°, alone or mixed with the substance XI. Both 
have the same crystalline form and behave exactly alike with 
various reagents. 


In conclusion, the author wishes to thank Professor J. B. Cohen, 
F.R.S., for criticism and encouragement, and the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 
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XXXV.—The Absorption of Moisture by Coal (and other 
Fuels). Part I. A Relation between Degree of 
Humidity in the Atr and Moisture Content of Coal. 


By Burrows Moore and FRANK SturRDY SINNATT. 


Ir has been known for many years that samples of coal, on exposure 
to air, after the initial rapid evolution of occluded gases has sub- 
sided, gain or lose weight according as the condition of the coal 
is dry or wet relative to the surrounding air (see N. W. Lord, 
“Experimental Work of U.S.A. Fuel-testing Plant,’ 1907; W. A. 
Bone, ‘‘ Coal and its Scientific Uses,’ 1918; V. B. Lewis, “‘ Carboni- 
sation of Coal,” 1918; J. 8.8. Brame, “ Fuel,’’ 1914). 

A review of recent investigations shows that comparatively 
little information has been published as to (1) what extent the 
variation in weight is associated with the variation in degree of 
humidity of the surrounding air, (2) the relation of the variation 
of the moisture content in the air to the variation of “loosely 
combined moisture”’ in the coal, (3) what extent, if any, the 
absorption of moisture and of oxygen influence one another. 

Published literature indicates that most investigators, in 
attempting to obtain a proportionate estimate of the various effects 
and reactions associated with the “‘ weathering”’ of coals, have 
concentrated their attention, in particular, on the capacity of 
coals to absorb oxygen. Most of the experiments of other investi- 
gators with coals in a fine state of division appear to have been 
made on samples of considerable weight and at temperatures 
higher than normal atmospheric temperature. In the present 
investigations it was decided to conduct all experiments at the 
temperature of the air in the laboratory and to use samples of 
fuel in the form of thin layers in order to minimise the effect of 
incomplete or uneven absorption and to emphasise the influence 
of size of the particles. 


EXPERIMENTAL. 


The experiments were made on samples of Wigan Arley, Wigan 
Yard, anthracite, Indian coal, gas coke, and Irish peat, which 
had been stored for some months after being mined. About 3 
grams—sufficient to cover the bottom of shallow glass dishes 
(2) inches in diameter) as a thin layer—of the samples, ground 
to pass a 200 x 200 mesh sieve, were heated for one hour in an 
oven at 105°, cooled over concentrated sulphuric acid in desiccators, 
and weighed. They were then exposed to the air of the laboratory. 


276 MOORE AND SINNATT: THE ABSORPTION OF 


Each dish was placed on a central support of height 1 inch, this 
support being surrounded by four others of height ? inch. A glass 
dish 4 inches in diameter was inverted over the sample so as to rest 
on the small supports. This arrangement was adopted in order 
to protect the sample from dirt, etc., during exposure to the air 
of the laboratory. 

The variation of humidity in the air was recorded by a wet and 
dry bulb hygrometer, suspended in the air immediately surrounding 
the samples. The temperature of the air was recorded. Readings 
of the hygrometer and the thermometer were noted immediately 
before the samples were weighed, this being done at definite 
intervals of time during a period of about one thousand hours. 
Curves were constructed by plotting values of degree of humidity 
and of percentage increase of weight at the same intervals of time. 
The curves were so drawn that the slope at any point would represent 
the rate of change of the degree of humidity or the rate of change 
of the percentage increase of weight. In the case of the samples of 
Wigan Yard, anthracite, Indian coal, gas coke, and Irish peat, 
the results are represented graphically for two separate periods, 
(1) from the moment of exposure to the four hundredth hour, 
(2) from the five hundred and eightieth hour to the nine hundred 
and eightieth hour. It was considered of interest to ascertain the 
difference, if any, between the curves during the first and the 
second periods. 


Discussion. 


The steepness of the slopes of the curves of percentage increase 
of weight for the first 24 hours, as compared with that of the 
humidity curve, suggested that during this period either (1) the 
absorptive capacity of the coal for moisture is so great that a 
considerable variation in the humidity of the air appreciably affects 
neither the rate of absorption of moisture nor the quantity absorbed, 
or (2) the rapid increase of weight is mainly due to absorption and 
dissolution of oxygen. After the first twenty-four hours’ exposure, 
the samples seem to become more or less saturated with physically 
and chemically absorbed moisture, oxygen, and other gases from 
the air, and so soon as the initial “fresh ” reactive condition is 
passed the variation in weight seems proportional to that of the 
degree of humidity, suggesting that the gain or loss of weight is 
now due chiefly to gain or loss of moisture, some of which at least 
seems to be loosely attached to the still permeable or porous 
sample of fuel. 

A further analysis of the curves in the case of the Arley and 
anthracite samples—by plotting values of percentage increase 
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of weight against corresponding values of degree of humidity 
(Figs. 3 and 4)—shows that during the particular periods of exposure 


the points plotted lie very nearly 


on a smoothed curve. 
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between degree of humidity and percentage increase of weight, 
although the rate of the average increase of weight is not constant 
throughout the whole period of exposure. 

The curves (Fig. 2) of the other fuel samples examined indicate 
that in these cases a similar relation exists. 

It is concluded that from about the twenty-fourth hour of exposure 
the relation between degree of humidity and percentage increase of 
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weight is capable of being represented approximately by a simple 
formula, and would indicate the existence of certain constants— 
specific of the various fuels—by means of which the moisture 
content of a fuel could be approximately calculated from the 
degree of humidity of the air surrounding it. 

The relation between increase of weight of a fuel and degree of 
humidity of the air disclosed by the curves precludes the probability 
that absorption of oxygen increases with decreasing absorption 
of moisture and suggests that the effect of oxidation is practically 
negligible, 
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The results described in the present paper, and others to be 
published later, appear to furnish evidence of the colloidal nature 
of coal; and it would seem that the method described here might 
be applied to the differentiation of the colloidal nature of coals 
and their constituents as well as to the characterisation of the 
different types. 

It is suggested that the transitional changes which occur in the 
formation of coal seams may be accompanied by an alteration in 
the colloidal nature of the changing material. 


Summary. 


(1) The rate of absorption of oxygen by a fuel decreases until after 
the first twenty-four hours’ exposure it is so slow that variations 
in humidity produce proportionate variations in the increase of 
weight of the fuel. 

(2) After about the twenty-fourth hour of exposure, a close 
relation exists between increase of weight and degree of humidity ; 
such relation being representable by a simple formula and 
suggesting the existence of constants—specific to the type of fuel 
examined—by which the approximate moisture content might be 
determined by simple calculation. 

(3) No relationship appears to exist between variation in the 
absorption of moisture and absorption of oxygen. 

(4) The fact that the moisture content of coal undergoes rapid 
variations is of importance in the preservation of samples for 
analysis. 

(5) The variation in moisture content may have an unsuspected 
influence on the degree of inflammability of coal dust. 


The authors wish to express their thanks to the Department 
of Scientific and Industrial Research for a grant to one of 
them which partly defrayed the cost of the investigation; 
acknowledgment is also due to the Lancashire and Cheshire 
Coal Research Association for supplying the samples of fuel 
used. 
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The Metallurgical Applications of Physical Chemistry, 


A Lecture DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
DECEMBER 14TH, 1922. 


By Cecrm. Henry Descu. 


Historians of science have recognised the debt that chemistry 
owes to the practical metal smelter and refiner. Centuries of 
experience in the extraction of metals from their ores and in the 
removal of impurities by refining led to the accumulation of a vast 
store of facts, on which the scientific chemist could draw at need, 
and studies of the behaviour of metals are prominent in the work 
of most of the founders of chemistry, Boyle, Mayow, Priestley, and 
Lavoisier. In more recent times the debt is being repaid, the 
practical metallurgist making use of the knowledge gained by the 
scientific chemist to improve his processes or to devise new ones, 
to remove harmful impurities, or to modify the properties of metals 
by the formation of new alloys. Metallurgical science is an applic- 
ation of physics and chemistry to the special case of the metals, and 
the corresponding art is founded, more and more deliberately as 
industry advances, on the science. 

It is in the domain of physical chemistry that applications of 
known scientific principles to metallurgy have been most fruitfully 
made. On the other hand, the physical chemist has a rich field 
for study in the ascertained facts of metallurgical experience, a 
field in which ample opportunity may be found for verifying 
theoretical conclusions by the observation of technical processes. 
This is nowhere more conspicuous than in the study of chemical 
equilibria, since most processes in the smelting of metals depend 
on balanced reactions. The application is not always easy, for 
the number of components of a system may be large, whilst hetero- 
geneous systems are commonly involved, solids, liquids, and gases 
being concerned at once in the reaction. In such cases, as is well 
known, it is difficult to ensure equilibrium, especially when some of 
the reacting substances are solid. This is true even in laboratory 
experiments, but on the large scale, when the gases pass through 
the reaction vessel with a certain velocity, the difficulty becomes 
more acute. At the high temperatures usually involved, however, 
the departure from equilibrium is sometimes quite small. 

As an example of such reactions, the roasting of a sulphide ore 
by heating in air may be taken. The sulphide is heated to a tem- 
perature well below its melting point, and the products are the 
oxide and the sulphate together with sulphur dioxide, the reactions 
being reversible. The conditions under which the one or the other 
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solid product may be formed have been determined, and on the 
proper control of the roasting conditions depends the success of 
the process. Thus, in preparing a zinc ore for the distillation 
process, the removal of sulphur must be as complete as possible, 
and the formation of sulphates is, therefore, to be avoided, whilst 
in an old process for separating silver from copper the former is 
converted into sulphate at a temperature at which copper sulphate 
is completely decomposed, forming the oxide. In such cases, no 
doubt, the practical discovery of the approximately correct con- 
ditions has preceded the theoretical study, but where economical 
working depends on obtaining the maximum yield of a given 
product, the careful study of diagrams showing the relations between 
pressure, temperature, and composition often makes it possible to 
obtain a higher efficiency. 

The best known example of a process of this kind, which has 
found its way into the ordinary class books, is the reduction of 
iron ore in the blast furnace. This was probably also the first 
case to be studied scientifically. The famous memoir of Bunsen 
and Playfair in 1845, extended by the important treatise of Lowthian 
Bell in 1872, laid the foundations of our knowledge of the reactions 
occurring in the blast furnace, whilst later workers, mostly in 
Germany, have made laboratory experiments for the purpose of 
determining the conditions of equilibrium. At first sight, the 
problem is a relatively simple one, since the only elements involved 
are iron, oxygen, and carbon. The two fundamental reactions are : 


FeO + CO = Fe + CO, 
and 
C + CO, = 2CO 


iron behaving as a catalyst towards the second reaction, but Fe,O, 
can also be in equilibrium with FeO and with iron, and there is the 
further complication that solid solutions can be formed to a limited 
extent between the oxides, and that iron can dissolve both oxygen 
and carbon. It is probably unnecessary to assume, as Schenck 
has done, reactions leading to the formation of the carbide Fe,C, 
which is not stable within the range of temperature considered, 
but the iron undoubtedly takes up carbon in the solid state, and 
more rapidly when the melting point of the eutectic is reached. 
The experimental work on this subject, on which many diagrams 
have been based, is all open to objection on one ground or another, 
and the established facts, as far as the solid phases are concerned, 
are best represented by a diagram due to Eastman,* in which the 
logarithm of the ratio K = [CO,]/[CO] is plotted against the 


* E. D. Eastman, J. Amer. Chem. Soc., 1922, 44, 975. 
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reciprocal of the absolute temperature, giving linear relations 
(Fig. 1). The observed points lie very closely to the three lines 
shown. The iron ore may enter the furnace as ferric oxide, but 
reduction to a lower oxide occurs relatively high up in the shaft 


and need not be considered in the equilibrium. Failure to under. 
stand the reversibility of these reactions has led to expensive 
failures on the large scale. In the hope of converting the whole of 
the carbon to the dioxide, some ironmasters at one time increased 
the height of their furnaces, without obtaining the desired result, 
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The ratio of carbon monoxide to dioxide in the escaping gases is 
determined by the reversibility of the two reactions mentioned 
above. In spite of its apparent crudeness, the blast furnace has a 
remarkably high efficiency, both thermal and chemical, provided 
that the works are so designed as to utilise fully the heating value 
of the gas which is produced in such enormous volume. 

There is another product of the blast furnace of great practical 
importance and scientific interest, namely, the slag. The solid 
impurities of the ore and coke must be removed in a liquid form, 
in order that the iron may be separated from them. It is the 
temperature at which the slag becomes sufficiently fluid to run 
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freely that determines the working temperature of the furnace, 
since the slag is less fusible than the pig iron. Essentially blast 
furnace slags are composed of silica, lime, and alumina, all the 
other constituents being of secondary importance as regards fus- 
ibility. Any change in the character of the ore means a change in 
the composition of the slag, and it is evidently impossible to predict, 
without definite knowledge, whether the change will increase or 
diminish the fusibility. Actually the melting-point diagram of 
this ternary system has been most completely worked out by the 
staff of the Geophysical Laboratory at Washington.* There is, 
however, a striking peculiarity of molten silicates that affects the 
practical use of such a diagram. All such mixtures, especially 
when rich in silica, are extremely viscous immediately above their 
melting points, so that they are unable to flow freely. The vis- 
cosity of slags at various temperatures has been determined in the 
laboratory of the U.S. Bureau of Mines,t by measuring the torque 
produced in a graphite cylinder immersed in the molten slag, when 
the cylindrical containing vessel is rotated. The viscosity falls off 
rapidly at first with increasing temperature, then more slowly. 
The reciprocal of the viscosity, or the fluidity, is almost exactly 
proportional to the temperature. In this way the fluidity of the 
ternary mixtures has been determined over the required range. 
The practical value of such knowledge is very great. A furnace 
using hematite may make only 10 cwt. of slag for every ton of 
iron, whilst with the poor ores of the Midlands as much as 30 ewt. 
may be produced. During the war many ironmasters accustomed 
to rich hematite ores found their supplies cut off, and were com- 
pelled to use the relatively poor Northamptonshire or Lincolnshire 
ores, with consequent difficulty in determining the conditions of 
the slag. The use of ternary diagrams was found by the more 
scientifically minded furnace managers to enable them to control 
their slags quite satisfactorily. 

The importance of slags in the steel industry is at least as great 
as in iron-smelting. In the open-hearth process the liquid metal 
is completely covered with a layer of molten slag. Through this 
layer all the heat for the chemical reactions, radiated from the 
flames and from the roof, has to pass, and through it the oxygen 
needed to oxidise the impurities of the pig iron also passes. ‘This 
oxygen comes in part from the oxidising gases in the furnace and 
in part from iron oxide added during the working of the charge. 
It is only in the form of oxides dissolved in the slag that oxygen 


* G. A, Rankin and F. E. Wright, Amer. J. Sci., 1915, [iv], 39, 1. 
+ A. L. Feild and P. H. Royster, U.S. Bureau Mines Tech. Paper 187, 
1918; also A, L. Feild, Trans. Faraday Soc., 1917, 18, 3. 
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can reach the metal. There is contact between slag and metal, 
increased as the action becomes violent, when particles of metal 
are projected into the slag, and particles of slag are entangled and 
carried down into the steel, but the evidence goes to show that 
the action is by no means confined to the surface of contact, and 
that solution and diffusion play their part. The active substance 
is ferrous oxide, which has a very high solubility in slag and a 
small, but definite, solubility in molten steel. At a given tem. 
perature, therefore, there is a definite ratio between the concen- 
trations of ferrous oxide in the slag and the metal. It is the oxide 
dissolved in the metal that brings about the oxidation of the silicon, 
manganese, and carbon in the iron, and as ferrous oxide disappears 
in these reactions, a further quantity is supplied from the slag. 
When ore is added, it dissolves, mainly as the magnetic oxide, and 
the ferrous oxide then distributes itself between slag and metal 
until equilibrium is reached. The oxidation of the carbon is 
represented by the reaction FeOQ+C=—Fe+CO. The mass 
of the iron, being very large, may be regarded as constant. The 
carbon monoxide is evolved as gas, causing the “ boiling ”’ of the 
bath. As at this stage the metal is saturated with gas, the con- 
centration of the carbon monoxide may also be regarded as constant. 
McCance has shown * by analyses of two open-hearth charges during 
the boiling stage that, provided that no ore is added, the carbon 
content of the steel decreases at such a rate that the logarithm of 
the carbon percentage, plotted against the time, gives a straight 
line (Fig. 2). The initial straight portion of the graph, meeting 
the principal line at an angle, corresponds with a stage during 
which silicon and manganese are still being oxidised as well as 
carbon, so that the rate of disappearance of carbon is less than it 
becomes later. Equilibrium is reached, or nearly so, in the later 
stage, when the steel contains both carbon and oxide in solution. 
Heat is absorbed in the reaction FeO + C = Fe + CO, and therefore 
an increase of temperature means a reduction in the quantity of 
ferrous oxide under conditions of equilibrium. McCance has 
calculated, by applying Nernst’s theorem and using constants 
which are known with fair accuracy, that an increase of temperature 
from 1550° to 1600° lessens the quantity of ferrous oxide in solution 
when equilibrium is reached by one-third. 

The slag floats on the steel as oil floats on water, and there neces- 
sarily exists an interfacial tension at the bounding surface. As 
the composition of the liquids changes in consequence of chemical 
reactions, the value of the interfacial tension also changes, and 
these alterations, which have not yet been quantitatively studied, 


* A, McCance, Trans. Faraday Soc., 1918, 14, 213. 
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are well appreciated by workmen who know nothing of capillary 
forces, but who can recognise a given surface with accuracy. Cosmo 
Johns has shown how the workmen’s observations may be inter- 
preted in terms of surface tension.* Samples of metal and slag 
are removed from time to time in a spoon, and are allowed to 
solidify. On separating the two substances, a clean upper surface 
of the steel sample may be seen if care has been taken. While 
the carbon is high, this surface shows dendritic crystals in relief. 
As the carbon content falls, these crystals are smoothed out more 
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and more completely by the surface forces, and a smooth, bright 
surface may be obtained. At a later stage, the surface becomes 
finely wrinkled. The changes in the surface tension of the steel 
follow closely the changes in its composition, so that an experienced 
man can infer the one from the other. 

Another application of the principle of distribution of a substance 
between two solvents to the metallurgy of steel has been made 


recently by J. H. Whiteley.t In the basic open-hearth process, 
the removal of phosphorus from steel is known to depend on the 


* J. West Scot. Iron Steel Inst., 1919, 26, 36. 
t Proc. Cleveland Inst. Hng., 1923. 
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ratio of bases to silica in the slag. When, in any slag, sufficient 
lime has been deducted from the analysis to convert all the phos. 
phorus into a stable phosphate, the molecular ratio of the remaining 
bases to the silica may be calculated and called the index of basicity 
of that slag. In any charge, the phosphorus is distributed between 


slag and steel, when equilibrium has been reached, in a definite 
ratio, so that we may speak of a factor of distribution for phos. 
phorus. Whiteley finds that, when the index of basicity of a number 
of slags is plotted against this factor of distribution, a straight line 
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is obtained (Fig. 3), so that the percentage of phosphorus in a steel 
may be determined, with considerable accuracy, from an analysis 
of the final or “ finishing’ slag. The factor is practically indepen- 
dent of the volume of slag, and the proportion of phosphorus in a 
basic steel may therefore be diminished without any change in the 
chemical conditions by increasing the volume of slag. 

Molten steel, when tapped from the furnace, whatever process 
has been used in its manufacture, contains a comparatively large 
volume of dissolved gases, mainly hydrogen and the two oxides of 
carbon. The solubility of gases in metals has been studied by 
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Sieverts and his fellow-workers, and has been found to increase as 
the temperature rises and to be much greater in the liquid than in 
the solid state. The solubility curve of carbon monoxide in iron 
has not been determined, but in all probability it is similar in 
character to the solubility of hydrogen in the same metal, which is 
known.* As the solubility is found in all cases to be proportional 
to the square root of the pressure instead of to the pressure itself, 
it would seem that the gases undergo dissociation in dissolving. 

On account of the greatly diminished solubility of gases in solid 
metals, most of the gas dissolved in molten steel must be released 
during freezing. A part escapes freely, rising through the liquid, 
but another part may be entangled between the growing crystals. 
In this way the cavities known as blowholes are formed, but even 
when the formation of visible blowholes has been avoided, micro- 
scopical observation of sections through ingots shows films of gas 
separating the individual crystals. The separated surfaces usually 
unite by welding when the ingot is forged. 

The most interesting fact in this connexion is the dependence 
of the quantity of gas liberated during the freezing of steel on the 
quantity of oxide dissolved in that steel at the time of tapping. 
The reaction 

FeO + CO = Fe + CO, 

is reversible, so that when equilibrium is reached K = [CO,]/ 
[FeO}[CO]. When the steel contains much ferrous oxide, the ratio 
CO,/CO will be large. McCance has shown7y that the known 
facts may be accounted for by the assumption, highly probable in 
itself, that solid steel has a much greater solubility for carbon 
monoxide than for the dioxide, so that when the gases dissolved 
in the liquid contain much carbon dioxide, blowholes will be formed. 
A steel containing oxide is, therefore, likely to give unsound ingots 
or castings. The total quantity of gas in a solid steel is much the 
same, whether oxide was present or not, but unsound steel, in 
accordance with the theory, always shows a high ratio of carbon 
dioxide to monoxide. The importance of deoxidising steel as 
completely as possible is recognised, but the persistence with which 
steel can retain oxide is very remarkable. There is evidence to 
show that the reactions of ferrous oxide, not only with carbon, 
but also with the other oxidisable elements silicon and manganese, 
demand an appreciable time for completion, so that reactions may 
continue in the liquid steel for some time after casting. 

In the final casting of the steel into ingot form it is usually 
necessary to add a small quantity of aluminium, that metal having 
a remarkable power of preventing the formation of blowholes, a 


* A. Sieverts, Z. physikal. Chem., 1911, 77, 591. t Loc. cit. 


288 DESCH ; 


power undoubtedly depending on the rapidity and completeness of 
the removal of the oxide. Of two ingots cast from the same mass 
of liquid steel, one with and the other without the addition of 
aluminium, the latter may occupy a very much greater volume than 
the former, although containing the same weight of steel, the 
reason being seen when the ingots are sawn through, the one proving 
to be sound and the other honeycombed with blowholes. 

The smelting and refining of metals form only one branch of the 
art of metallurgy. Another branch is concerned with the prepar- 
ation of alloys and with the production of a given set of physical 
and mechanical properties either by alloying with other metals, or 
by producing changes of structure by thermal treatment or by 
deformation. In this field the influence of physical chemistry has 
been more conspicuous, most important industrial advances having 
been made consciously under scientific guidance. It is here that 
such striking practical use has been made of new scientific ideas, 
the application often following rapidly on the heels of the discovery, 
whether in pure physics or in physical chemistry. The theory of 
electrolytes, which occupies such a conspicuous place in modern 
physical chemistry, has few metallurgical applications, since molten 
metals and alloys do not conduct electrolytically, and it is only in 
the still obscure field of study of corrosion that electro-chemical 
theories are invoked. Electro-metallurgy may be regarded as an 
entirely distinct study. 

Both modes of approach to the solution of problems in physical 
chemistry, the atomic and the thermodynamical, find their uses in 
metallurgy, but it is the atomic conception that has proved the 
more useful up to the present, although the more abstract method 
is now being applied, and may soon prove its value. One of the 
most notable directions of advance has been in the study of crystal- 
line structure. Metals and alloys are crystalline substances, and 
their properties depend, therefore, on the arrangement of their 
component atoms in a space-lattice as well as on their chemical 
character. The analysis of crystal structure by means of X-rays 
has been applied to metals by W. H. and W. L. Bragg, Hull, Debye, 
and others with striking and gratifying results. The form and 
dimensions of the space-lattice are known accurately for most of 
the ordinary metals, and the method is now being applied to alloys. 
We may confidently hope that such researches will give us the 
knowledge, so earnestly desired by metallurgists, of the nature of 
the physical and mechanical processes in metallic crystals, especially 
when combined with modern knowledge of the structure of the atom. 
One difficulty, however, presents itself at the outset. Ordinary 
masses of metal as we know them are not single crystals, but 


THE METALLURGICAL APPLICATIONS OF PHYSICAL CHEMISTRY. 289 


aggregates of variously orientated small crystals, and this fact 
prevents us from predicting their properties from a knowledge of 
the space-lattice alone. Until recently we knew practically nothing 
of the mechanical properties of single crystals of metals, but Pro- 
fessor Carpenter and Miss Elam, by an ingenious device, have now 
been able to prepare test-pieces of aluminium consisting of a single 
crystal.* Such masses prove, as might be expected, to be highly 
plastic, and the study of their properties after extensive deformation 
is giving interesting results, particularly from the application of 
X-ray analysis. The variation of properties with orientation leads 
to most striking peculiarities in the behaviour of these novel 
test-pieces. 

In normal masses of metal, the existence of intercrystalline 
boundaries introduces a new factor. Such boundaries are most 
often a source of strength, not of weakness, and there has been 
much speculation as to the nature of the conditions where one crystal 
is in contact with another in an aggregate. A suggestion made by 
several older authors has been adopted and greatly developed by 
Rosenhain, to the effect that a small residue of liquid between the 
grains fails to crystallise when passing through the freezing point, 
owing to the atoms of metal in the liquid state being attracted to 
two neighbouring space-lattices of different orientation, ultimately 
attaching themsclves to neither, so that a layer without any definite 
orientation separates the grains in the solidified mass of metal. 
In spite of inherent theoretical difficulties in the way of its accep- 
tance, this hypothesis of an ‘‘ amorphous intercrystalline cement ” 
has become popular on account of its remarkably successful applica- 
tion to such problems as the change of mechanical properties of 
metals with temperature, and the failure of metals under long- 
continued stress.f It should be said that for such purposes a layer 
at least several hundred atoms in thickness is required. Even 
although so thick a layer may be theoretically unacceptable, some 
difference of properties at the bounding surfaces must be assumed. 
In 1902, Quincke { suggested that the liquid, immediately before 
solidification, separates into two immiscible liquid phases, one of 
which forms an oily film, dividing the mass into foam cells, of 
which the second liquid forms the contents. On this view, the 
crystal grains should be geometrically similar to foam cells. In a 
few cases, it has been possible to test this similarity. Certain 
8-brasses containing aluminium disintegrate rapidly on immersion 
in mercury, the grains separating from one another in the course 


* Proc. Roy. Soc., 1921, [A], 100, 329. 
+ W. Rosenhain and 8. L. Archbutt, Proc. Roy Soc., 1919, [A], 96, 55. 


t Ann. Physik, 1902, [iv], 9, 1. 
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of a few seconds, so that they may beexamined singly. Occasionally, 
too, a forging proves to be highly brittle, so that the crystal grains 
separate spontaneously. The fracture of such a forging of chromium 
steel is shown in Fig. 4. Such isolated grains have been compared 
with the cells in a foam of soap solution, resin, or gelatin, and a 
close similarity is found. The theoretical form of a foam cell was 
calculated by Lord Kelvin to be a tetrakaidecahedron having curved 
edges, but when any actual foam is examined, instead of four- and 
six-sided faces being found with frequencies in the ratio 6: 8, as 
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required by that figure, five-sided faces are the most frequent.* 
In fact the individual cells tend to approximate to the pentagonal 
dodecahedron, slightly distorted in order that all faces may meet 
at an angle of 120°, as required for equilibrium between films. 
Space is not completely filled by such dodecahedra, and the cells 
are found to vary about that figure as a mean, gaps being filled by 
small tetrahedra and hexahedra. Observations of a large number 
of foam cells are collected in Fig. 5, which shows the frequency of 
occurrence of 3, 4, 5, 6, 7, and 8-sided faces. On the same diagram 
are shown corresponding observations of crystal grains from several 
* J. Inst. Metals, 1919, 22, 241. 
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specimens of $-brass and from one of the chromium steel. It is 
evident that there is a very close similarity of shape between the 
grains and foam cells, but it does not follow that Quincke’s hypo- 
thesis, which is open to objection on other grounds, is true. The 
evidence does, however, go far to show that the forms of the grains 
are determined by surface tension. During solidification, two 
forces are opposing one another, the directed cohesion, which causes 
the atoms to build themselves into a definite geometrical form, 
and surface tension, which tends to diminish the surface area of 
each growing crystal. The balance between these forces is different 
in different metals. Antimony, for example, readily forms sharp- 
edged crystals in alloys, whilst the branching growths of copper 
are usually rounded. In eutectic alloys, in which two metallic 
phases crystallise simultaneously, the effect of surface tension is 
often such that all angles disappear, as in the eutectic of copper 
and copper phosphide (Fig. 6). The crystals of zinc on the surface 
of a galvanised sheet are commonly sharp (Fig. 7), but a bead of 
gold, allowed to cool slowly from the liquid state without disturbance, 
has surface markings which rather suggest a purely amorphous 
substance, such as gelatin, than a crystalline solid (Fig. 8). When 
the surface layer is dissolved away by aqua regia, sharp, crystalline 
etch-figures appear. At a temperature far below the melting point 
of gold, these angular figures are again rounded under the influence 
of surface tension. 

The study of equilibrium between metals in alloys has advanced 
rapidly under the guidance of the doctrine of phases, due in the 
first instance to Gibbs and developed by Roozeboom and others. 
The highly abstract conception of the thermo-dynamical potential 
is, however, rarely applied, and the simple temperature—concen- 
tration diagram is universally used. For its construction, two 
methods are principally employed in conjunction, thermal analysis 
and microscopical observation. The latter method, applied to 
metals by Sorby as far back as 1864, has reached a remarkable state 
of perfection, and has become a routine method of examination in 
industrial works. Some of the metallic systems prove to be of 
great complexity. The copper-tin alloys, which were investigated 
with great care by Heycock and Neville,* whose conclusions have 
been in the main confirmed by later workers, are conspicuous by 
their complexity. Another system of great practical importance is 
found in the alloys of iron with carbon, a non-metallic element, 
forming a carbide of metallic character, Fe,C (Fig. 9). Here the 
system is complicated by the allotropy of iron. The X-ray method 
has shown that the «-, 6-, and y- modifications of iron have identical 


* Phil. Trans., 1902, [A], 202, 1. 
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cube-centred space-lattices, varying only in dimensions with tem. | 


perature, 6 differing only from a in being non-magnetic, whilst 
y has an entirely different, face-centred cubic lattice.* The 
y-modification has the property of dissolving carbon in the solid 
state, and on this fact depends the great variation in properties 
that is possible in this single system, which includes the steels, 
The range would be much more limited if we were restricted to 
stable conditions. Actually, by hastening the cooling of the 
alloys, they may be preserved in a metastable or labile condition, 
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and the industrial hardening of steel depends on this fact. More- 
over, by adding other metals, such as nickel, chromium, or tungsten, 
it is possible to alter the position of the transformation points in 
the system, and very greatly to diminish the velocity of change; 
hence the wonderful variety of heat-treated steels at the disposal 
of the modern engineer. In the study of these unstable conditions, 
one of the most difficult branches of metallurgy, the X-ray method 
has again rendered valuable service. It has shown that the iron 
in martensite, the principal constituent of hardened steel, is in the 
« condition, although the method has so far failed to determine 
exactly the arrangement of the carbon atoms in the same steel. 


* A. Westgren and G. Phragmen, J. Iron Steel Inst., 1922, i, 241. 
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An important branch of metallurgical study is concerned with 
the behaviour of metals when cold-worked, that is, when deformed 
at temperatures removed from the melting point. Whilst great 


an hydrostatic pressure has no permanent effect on the properties of 
rties metal, pressure unsymmetrically applied, so as to cause plastic 
eels, y fow, produces changes of a far-reaching character. The hardness 
d tp of the metal is increased, its density is diminished, and its store of 
the internal energy, as shown by the heat developed when it is dissolved 
ion, in a suitable reagent, is increased. Whilst Tammann and others 


have considered that the only change is a reduction in the size of 
the crystal grains, most metallurgists in this country have adopted 
the hypothesis of Beilby,* according to which the space-lattice of 
the metal is locally broken down, with the production of a vitreous 
or amorphous material. This assumption has been used with great 
success to explain the facts of cold-working. The objection has 
been brought against it, that it involves the production of a new 
phase in a region within which it is unstable, but in the light of 
modern views as to the nature of the space-lattice it is quite com- 
prehensible. It has been further suggested that the amorphous 
material is the undercooled liquid phase, resulting from a true 
fusion, the melting point of the solid being lowered by non-uniform 
pressure, as predicted by Poynting. In confirmation of this rather 
startling view, it has been shown that when the pressure necessary 
to lower the melting point of various metals to atmospheric tem- 
perature is calculated, although the values found are very high, 
yet when the metals are arranged in ascending order of the pressures 
required, the order is that of diminishing plasticity, as measured 
by the flow of the metal through an orifice. 


Lowering of melting point of metals effected by one atmosphere unequal 
pressure ; together with the computed melting pressures (in 
atm.) at the ordinary temperature (Johnston & Adams), 


Melting point. Heat of Melting 
a, fusion. Density. pressure. 

o Metal. t. 2’, Q. ‘ AT;. Atm. 
1, K 62° 335° 15-7 0-87 0-59° 64 
a Na 97 370 31-7 0-98 0-29 266 
Pb 327 600 5-4 11-37 0-24 1,760 
; Sn 232 505 14-1 7-29 0-12 2,200 
] Bi 270 543 12-5 9-80 0-11 3,000 
Cd 321 594 13-7 8-64 0-12 3,300 
P Al 658 931 42-0 2-60 0-21 5,100 
1 Zn 419 692 28-0 7-1 0-084 6,900 
Ag 960 1,233 23-0 10-50 0-12 14,000 
} Cu 1,083 1,356 43-0 8-93 0-086 24,000 
) Pd 1,550 1,823 36°3 11-4 0-11 31,000 
: Pt 1,75é 2,028 27-2 21-5 0-084 46,000 


5 
* Phil. Mag., 1904, [vi], 8, 258. 
t J. Johnston, J. Amer. Chem. Soc., 1912, 34, 788. 
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Examination by the X-ray method is naturally unable to detec 
whether small quantities of amorphous material are formed, but 
it has shown that, at least in certain metals, especially tungsten, 
extensive cold-drawing leads to a rearrangement of the elongated 
crystal grains, the orientation of the majority of the grains becoming 
similar, so that the wire has a fibrous structure.* Much is to be 
expected from this line of research, which supplements the older 
and still indispensable method of microscopical examination. 

Only a few topics have been selected from the very numerous 
metallurgical applications of physical chemistry, but they will 
serve to indicate the large field for co-operation between the physical 
chemist and the metallurgist. The subjects that have been men. 
tioned are by no means of academic interest only. The successful 
conduct of the metallurgical industries depends on their scientific 
handling. A modern steel works, concerned with the manufacture 
of the higher classes of engineering steels, must be equipped for the 
making of thermal, microscopical, magnetic, and dilatometric 
determinations, and that not only for research purposes, but in 
the regular control of works processes. New discoveries in this 
branch of science have not to wait long for their practical 
application. 


XXXVI.—The Constitution of the Disaccharides. 
Part VII. Sucrose. 


By WALTER NorMAN HAawortH and WILFRED HERBERT LINNELL. 


THE constitutional formula for sucrose which was proposed in 
Parts I and IV of this series of communications (T., 1916, 109, 
1314; 1920, 117, 199) represented the y-fructose residue in the 
biose as containing an ethylene-oxidic structure. This view was . 
expressed at an early stage of our work, and after an endeavour 
to solve this problem by oxidising the tetramethy] fructose obtained 
on hydrolysing octamethyl or heptamethyl sucrose. The conditions 
under which this oxidation was conducted were similar to those 
usually followed by Fischer and Kiliani in the sugar series. Tetra- 
methyl y-fructose yielded, on digestion with dilute nitric acid at 
60°, a viscid liquid which distilled with difficulty and corresponded 
with an anhydro-acid or semi-lactide, C,gH,,0;(OMe),. 

In offering an interpretation of this result it was stated that 
“although the additional evidence here contributed appears 
capable of no simple explanation other than that now offered, 


* M. Ettisch, M, Polanyi, and K, Weissenburg, Z. physikal. Chem., 1921, 
90, 332. 
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the constitution of the new form of tetramethyl fructose is being 
further investigated in view of the importance of the issues.”” The 
present work is therefore an extension of the earlier inquiry and, 
as before, attention is focussed on the nature of the internal linking 
of the oxide ring in the fructose fragment. The cyclic structure 
in the latter differs from that of ordinary butylene-oxidic fructose, 
and the choice of a constitution for the tetramethyl y-fructose 
derived from methylated sucrose appears to be limited to one of 
the following : 


CH,"OMe CH,-OMe 
(C-OH (C-OH 
' OCH-OMe —_| CH-OMe 
CH-OMe . “CH OCH-OMe 
UH-OMe CH-OMe CH-OMe | CH-OMe 
CH,-OMe — CH,-OMe CH,-OMe ‘CH, 

(I.) (II.) (III.) (IV.) 
—_—_o (propylene- (amylene- 
(ethylene-oxidic.) oxidic.) oxidic.) 

Reviewing the evidence of oxidation, it appeared that a tetra- 
methyl y-fructose represented by formula IV should give rise to a 
dibasic acid (trimethoxyglutaric acid) on oxidation with nitric acid, 
the reducing group associated with the second carbon atom yielding 
one carboxyl group, and the potential primary alcohol residue in 
the terminal position yielding a second carboxyl group corresponding 
with the sixth carbon atom of the hexose chain. The expected 
product may be formulated as below (VIII): 


CO,H ¢O,H ¢O,H CO,H 
JH-OMe CH-OH CH-OMe CH-OMe 
‘H:OMe CH-OMe CH-OH CH-OMe 

nips CH-OMe CH-OMe CH-OMe 

CH,°OMe CH,°OMe CH,*OMe CO,H 

(V.) (VI.) (VILI.) (VIII.) 


On the other hand, a fructose derivative formulated as in II or 
III should give rise to an «- or B-hydroxy-acid (VI or VII) which 
has its terminal primary alcoholic group, at the sixth carbon 
position, protected by methoxyl; whilst the product (V) expected 
from a sugar of the constitution shown in formula I differs from the 
other three inasmuch as four methoxyl residues are retained. 

In the earlier research the product of oxidation did not correspond 
with any of these simple formule. The compound isolated, 
Ci9H,20;(OMe),, had a molecular complexity almost twice as 
great as was anticipated, and this agreed with the theoretical 
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values for a semi-lactide. Although three possible structura] 
formulz for such a compound are shown below, yet the simple 
explanation was that this behaviour closely resembled that of an 
a-hydroxy-acid, such as lactic acid. On the whole, the evidence 
favoured the view that an acid of the formula VI could most 
reasonably give rise to a semi-lactide such as is shown in formula IX, 


C0,H 
¢O0,H CH:OMe 
CO—-0--CH cO——0—CH CO—0--CH, 


CH-OH CH-OMe (H-OMe CH-OMe CH-OMe CH-OMe 
CH-OMe CH-OMe CH-OH  CH,-OMe CH-OMe CH-OMe 


H-OMe CH,-OMe CH-OMe CH-OMe (H-OMe 
CH,-OMe (H,-OMe CH,-OH CO,H 
(IX.) (X.) (XI) 


The second of these formule was rejected on the ground that the 
simple §-hydroxy-acid (VII) from which the semi-lactide (X) 
might be derived would preferably form a 8-lactone, whilst formula 
XI was similarly deemed improbable, since a 6-hydroxy-acid 
would be expected to form a 8-lactone, and moreover the appearance 
of a 8-hydroxy-acid, which contained a free primary alcohol residue, 
as an oxidation product was regarded as anomalous under the 
experimental conditions employed. It seemed more probable 
that such a hydroxy-acid would pass at once into the dibasic acid 
(VIII). 

Extension of this research during the past two years has led to 
a revision of these views and appears to us to have established 
beyond reasonable doubt that the structure of tetramethyl y-fructose 
is no longer to be regarded as ethylene-oxidic but amylene-oxidic 
in character. Consequently the constitution ascribed earlier to 
sucrose must be modified and replaced by the new formula XII: 


CH,-OH 
"CH -O C 
((H-OH H-OH | 

(XIL) | CH-OH CH-OH 0 
‘CH CH-OH | 
H-OH CH,-— 

H,-OH 


This conclusion has been reached by again submitting tetra- 
methyl y-fructose to oxidation with dilute nitric acid under modified 
conditions, the chief variation from the earlier experiments being 
a more prolonged digestion with this reagent. 

The chief product was a lactone of a monobasic acid distilling 
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readily at 129°/0-1 mm., showing my 1-4565 and [a], + 18-5°, which 
value changed in sixteen hours to + 36-0°. ‘This agreed in properties 
and analytical data with the requirements of a trimethoxyvalero- 


CO-[CH-OMe],CHp. 
6) J 


lactone, | 


Accompanying this product was a small quantity of a substance 
distilling with decomposition at 190°/0-:08 mm. The latter 
appeared to be identical with the semi-lactide obtained in the 
earlier experiments, but the following argument demonstrates that 
this must now be formulated as shown in XI. 

Investigation of the trimethoxyvalerolactone showed that, after 
exposure to moist air, a portion underwent transformation into a 
crystalline substance, for which the provisional melting point is 
given as 83°, and this may be either the polymeride of the lactone 
or the free hydroxy-acid. The behaviour of the lactone differed 
from that expected of a £- or y-lactone, although the evidence 
available at this stage left the decision indefinite whether the 
lactone had been formed from a £-, y-, or 5-hydroxy-acid. If it 
could be shown that the trimethoxyvalerolactone was capable of 
transformation into trimethoxyglutaric acid by oxidation, a solution 
of the outstanding difficulty was clear, since this would afford 
conclusive evidence that the lactone contained a potential primary 
alcohol group as a terminal group in the chain of five carbon atoms. 
Accordingly, the lactone was dissolved in aqueous potassium 
hydroxide in order to open the lactone ring, and the corresponding 
salt of trimethyl tetrahydroxyvaleric acid was oxidised with alkaline 
permanganate. In the first instance the utilisation of the per- 
manganate was measured by titration, and it was observed that 
each molecular proportion of trimethoxyvalerolactone required one 
molecular proportion of oxygen. The reaction proceeded instan- 
taneously at 70°, but at the ordinary temperature the period 
required was about eight hours. 

The main or only product of this oxidation was a colourless 
liquid, distilling at 100°/0-05 mm. with separation of some moisture 
in the first stage of the distillation. It had all the characteristics 
of an anhydride of a dibasic acid, C,H,,0,, and analytical data 
showed that the substance was trimethoxyglutaric anhydride, from 
which a specimen of the dimethyl ester of trimethoxyglutaric acid 
(XIV) was prepared. The only formula available for the primary 
oxidation product from which these latter compounds were derived 
is that of the 8-lactone (XIII). On this evidence it is permissible 
to ascribe a definite formula, IV,-to tetramethyl y-fructose, pro- 
vided that one excludes such an exceptional possibility as the 
elimination of a terminal methyl group from an acid of the formula 
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V in the course of the oxidation of a substance of the constitution 
represented by I. The latter consideration will be dealt with in 
the succeeding communication. 

It may be stated, however, that in the exceptional case quoted 
by Irvine and Hirst (T., 1922, 124, 1312) the removal of a methoxy! 
residue during oxidation with nitric acid was the accompaniment 
of oxidation of the exposed group to carboxyl. The circumstances 
in the present case differ in that no oxidation of the terminal 
alcohol group occurs. Indeed it would appear that under the 
influence of nitric acid the amylene-oxide ring in the original sugar 
remains undisturbed, passing to the analogous 38-lactone structure, 
which is then resistant towards oxidation at the point where a 
potential primary alcohol group exists. 


CH,-OMe 
(-OH -CO CO,K 00,H = cO— 
JH-OMe oid. | CH-OMe yom QH-OMe &2-CH-OMe — CH-OMe | 


OCH: OMe —> O CH: “OMe —> CH: OMe —> CH-OMe —>CH:OMe 0 


by nts Se - OMe  (H-OMe meas, ‘CH-OMe  GH-OMe | 


\CH CH,OH CO,H Cco—— 
(IV.) cx.) (XIV.) (XV.) 
Tetramethyl Trimethoxy- Trimethoxy- Trimethoxy- 
y-fructose. valerolactone. glutaric glutaric 
acid. anhydride. 


Unexpected as this result may seem, and far-reaching as are its 
implications, it is to be welcomed for the reason that it serves to 
clarify many existing anomalies in the literature of the y-sugars. 
Possibly it is premature to ascribe the amylene-oxide structure to 
the y-sugars in general, but it is permissible to review certain data 
which are not opposed to this view. Tetramethyl y-glucose gave 
on oxidation with permanganate a tetramethyl gluconolactone 
(Irvine, Fyfe, and Hogg, T., 1915, 107, 509) which differed from 
the ordinary tetramethyl gluconolactone first obtained by Purdie 
and Irvine (T., 1903, 83, 1033). Cunningham observed that maltose 
gave rise to a y-methyl maltoside in presence of hydrogen chloride 
dissolved in methyl alcohol, but failed to form the analogous com- 
pound from lactose (T., 1918, 113, 605). The explanation of this 
non-success may lie in the fact that the structure of lactose, as has 
been shown by Haworth and Leitch, precludes the formation of 
an amylene-oxide ring inasmuch as the group attached to the fifth 
carbon atom of the glucose chain is involved already in the linking 
of the two hexoses. 

Furthermore, there appears on record no example of internal 
oxide ring formation in the case of glycollic or glyceric aldehydes, 
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whilst Helferich and Malkomes (Ber., 1922, 55, [8], 702) have 
shown that 8-hydroxyhexaldehyde exists as the cyclic or amylene- 


oxidic form : _— 
. os e 
CH, <CHcHOH)> 0. 


This compound displays very tardily in solution certain aldehydic 
properties, due to the opening of the ring. 

The ease of hydrolysis of sucrose or y-glucosides is explicable on 
the assumption that the amylene-oxide ring opens by the agency 
of acids of extreme dilution, thus disturbing the disaccharide or 
gucosidic linking, which then undergoes hydrolytic cleavage. In 
the case of sucrose, the fructose fragment then passes, by structural 
changes, to the butylene-oxide form, which is more stable in 
aqueous solution. 


EXPERIMENTAL. 
(xidation of Tetramethyl y-Fructose with Nitric Acid: Isolation 
of a Lactone, C;H,,0;. 

Tetramethyl y-fructose was prepared by the hydrolysis of hepta- 
methyl sucrose, following the conditions previously determined 
(Haworth, T., 1915, 107, 9; 1920, 117, 119). In the latter com- 
munication, the oxidation of this product was described, tetra- 
nethyl y-fructose being subjected to treatment with dilute nitric 
acid (d 1-2) at 60° for six hours, which is the usual period allotted 
o similar reactions in the sugar group. In the present instance, 
the oxidation was conducted for a prolonged period at 60°, and in 
ill cases the reaction terminated after twenty hours. Extraction 
ad isolation of the product were effected by the usual methods. 

This oxidation, which has been carried out with many specimens 


iof tetramethyl y-fructose, was found to give rise in every case, 


under the prescribed conditions, to a pale yellow liquid (fraction 


4) which distilled at 129°/0-1 mm. and showed ny 1-4565 and 
1: + 18-5° in water, changing in sixteen hours to + 36-0°. The 
}sidue was dark in colour and this distilled with decomposition at 
4 190°/0-08 mm. (fraction B) as a viscid syrup. 


Fraction A on analysis gave the following data : 

Found: C = 50-5; H = 7:26; OMe = 47-3. C,H,,0; requires 
(= 50-53; H = 7-37; OMe = 48-9 per cent. On titration with 
lilute alkali the liquid showed the usual behaviour of a lactone, 
ombination with alkali being extremely slow in the cold. 

0:1857 Gram required 9-85 c.c. of N/10-NaOH for complete 
leutralisation after digestion under reflux for twenty minutes, 
vhereas a lactone, C,H,,0;, should require 9-77 c.c. All the 
inalytical data have been several times confirmed. A molecular 
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weight determination by the cryoscopic method, using a benzene 
solution, gave the value 211; the theoretical value being 190. 

On keeping the liquid, representing fraction A, in a loosely 
corked tube, a portion crystallised. The crystals were washed with 
light petroleum and then melted at 83° with previous softening 
at 79°; the quantity collected, however, was small and the com. 
pound was not recrystallised, so that the melting point of the 
substance is given with reservation. When dissolved in water, 
the crystals showed an acid reaction, decolorised permanganate, 
and did not reduce Fehling’s solution. On titration, the substance 
behaved throughout as an acid and not as a lactone, neutralisation 
being complete without the application of heat. 

0-0818 Gram required 38-3 c.c. of V/100-NaOH, whilst an acid, 
C,H,,0,, requires 38-53 c.c. 

Found: OMe = 41-5. C,H,,0, requires OMe = 44-7 per cent. 


Oxidation of the Lactone C,H,,0,; with Alkaline Permanganaie, 
Formation of Trimethoxyglutaric Acid. 


Preliminary experiments were instituted with the view of devising 
conditions for the oxidation of the lactone, representing fraction A, 
by the agency of alkaline permanganate. An aqueous solution 
containing 1 per cent. of the lactone was used; to 10 c.c. of this 
solution, N-sodium hydroxide solution (2 c.c.) was added and this 
mixture titrated with N/10-potassium permanganate, the whole 
being maintained at 70° during the operation. After each addition 
of the permanganate an interval was allowed for the manganese 
oxides to separate and the solution to clear, and this was continued 
until a permanent pink coloration appeared, a trace of hydrogen 
peroxide serving to destroy the slight excess of permanganate. 
The following were the results of two experiments : 

1. 10 c.c. of lactone solution required 35-0 c.c. of N/10-KMn0Q,. 

2. 10 c.c. of lactone solution required 35-5 c.c. of N/10-KMnQ,. 

From the calculation it appeared that four molecular proportions 
of alkaline permanganate were required for the oxidation of three 
molecular proportions of the lactone C,H,,0,;, and the reaction 
may be expressed by the equation : 


90 00,H 
O [CH:OMe}]; + O, —mpp [CH- OMe], 
L_cH, CO,H 


Having established these conditions, several experiments were 
conducted with larger quantities in order to isolate the product. 
Since the organic dibasic acid which might be anticipated was, 
however, in the form of a salt, the isolation was facilitated by using 
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tassium hydroxide as the alkali, in order that the free organic 
acid could be liberated by the addition of the exact proportion of 
perchloric acid. Removal of the potassium perchlorate by means 
of alcohol and ether was then a simple procedure. 

Consequently 2-5 grams of the lactone C,H,,0; were dissolved 
in 500 c.c. of water, to which were added 25 c.c. of 2N-potassium 
hydroxide and then, gradually, the calculated quantity of per- 
manganate at 70°. After passing carbon dioxide through the cold 
solution and separating the manganese oxides, much of the water 
was removed by distillation under diminished pressure. Adding 
to the residual solution the calculated amount of perchloric acid 
along with alcohol for the precipitation of the potassium, the 
filtrate now consisted of an aqueous alcoholic solution of the organic 
dibasic acid. This product was then isolated and distilled, when 
a straw-yellow, slightly viscid liquid was collected at 100°/0-05 mm. 
(Found: C= 47:0; H=6-18; OMe = 44:3. C©,H,,0, requires 
(= 436; H=64; OMe = 45-4 per cent. C,H,,.0, requires 
C= 47-1; H=5-9; OMe = 45-1 per cent.). On titration with 
N/10-NaOH, 0-047 gram combined with 4 c.c. of the alkali without 
heating. In all, 10-1 c.c. of the alkali were added and the solution 
was heated at 90° for twenty minutes. Thereafter, 5-55 c.c. of 
N/10-HCl were required for neutralisation. The compound had 
therefore combined with 4:55 c.c. of N/10-NaOH, whereas a 
substance C,H,,0, should require 4-60 c.c. Several specimens 
from different preparations gave identical analytical results. 

The compound isolated appeared therefore to have the con- 
stitution of a trimethoxyglutaric anhydride, C,H,,.Ox. 

Digestion with 2 per cent. methyl alcoholic hydrogen chloride 
for six hours gave rise to the corresponding dimethyl ester. This 
distilled at 89—92°/0-07 mm. and showed n, 1-4419 and [a], + 48-7° 
in water (c = 0-72) (Found: C = 48-38; H = 7-23; OMe = 59-7. 
Ci9H,,0, requires C = 48-0; H = 7-2; OMe = 62-0 per cent.). 
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XXX VII.—The Constitution of the Disaccharides. Part 
VIII. Sucrose. 


By WaLTER NorMAN HaworTH and JAMES GIBB MITCHELL. 


THE preceding paper on the constitution of sucrose contributes 
evidence derived from the oxidation of tetramethyl y-fructose with 
nitric acid. The interpretation therein outlined receives support 
VOL. CXXIITT. M 
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and confirmation from the series of experiments which are now to 
be described. Tetramethyl y-fructose, obtained as a cleavage 
product of octamethyl or heptamethyl sucrose, has been oxidised 
with alkaline permanganate, and the chief product isolated is 
shown to be dimethoxybutyrolactone (V). 

The circumstance that degradation of the methylated fructose 
residue leads to the isolation of a product containing a chain of 
four carbon atoms illustrates very strikingly that with an alkaline 
oxidising agent the hexose is attacked in a totally different manner 
from what has been shown to be the case with an acid oxidising 
agent. Whereas with nitric acid degradation occurs by fission of 
the hexose chain between the first and second carbon atoms, giving 
rise to a derivative of 5-valerolactone, on the other hand alkaline 
permanganate would appear to promote ketonisation and enolisation 
with the introduction of a double linking between the second and 
third carbon atoms, following which rupture occurs at the ethylenic 
bond 


CH,"OMe CH,OMe (H,-OMe 
“OH 0 C.0H CO-OH “CO 
|(H-OMe —> CH-OMe —> C-OMe 2, CH-OMe —> | UH-OMe 
(H-OMe  GH-OMe — ¢H-OMe " 7H-OMe —_"/YH-OMe 


|CH-OMe  CH-OMe H-OMe  CH,-OH CH, 
LOH, CH,-OH  (H,-OH 
(L.) (II.) (III.) (IV.) (v.) 


Attention has been focussed on the quantitative aspect of this 
oxidation. It was shown that during the transformations expressed 
in the preceding formule four atomic proportions of oxygen were 
utilised for each molecular proportion of sugar. 

Dimethoxybutyrolactone was isolated both in this form and as 
the potassium salt of the open-chain acid, dimethyl trihydroxy- 
butyric acid (IV). In the latter form it must originally have 
appeared during the course of the oxidation with alkaline per- 
manganate. Significance is attached to the fact that before 
acidifying the product consisting of the above potassium salt a 
methyl group was absent from the terminal position in the chain. 
Evidence is not lacking for the supposition that lactonisation 
of an acid of this character may occur by elimination of a methyl 
group from one of the positions occupied by methoxyl where 
lactone formation may be expected (Denham and Woodhouse, 
T., 1917, 111, 244). This contingency did not appear to arise in 
the present case, since it was clearly shown that the salt of the 
substituted butyric acid which was isolated contained, in common 
with the lactone, two methoxyl residues only. 
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Certain observations indicated that the oxidation of tetramethyl 
y-fructose with alkaline permanganate proceeded in two stages. 
When the quantity of permanganate corresponded with the intro- 
duction of two atomic proportions of oxygen, this seemed to satisfy 
for some time the full requirements; but on keeping this alkaline 
solution for several hours it developed the capacity to absorb 
more oxygen, equal in amount to the first. This circumstance is 
explicable on the assumption that the methyl ester of dimethyl 
trihydroxybutyric acid is the first product of oxidation, the alkali 
present afterwards liberating methyl alcohol by hydrolysis, which 
then undergoes oxidation to formic acid. Regulated oxidation 
of this kind may prove to be the key to many of the difficult problems 
involved in sugar degradations. 

The bearing of these results on the constitution of sucrose is 
made clear by the following considerations. As reference to the 
earlier papers in this series will show, the glucose residue in sucrose 
is definitely of the butylene-oxidic type. The fructose residue, 
however, is present as a y-sugar, and it was formerly suggested as 
the result of a study of tetramethyl y-fructose that the structure 
of this compound was best represented by the formula VI, although 
other possible formule were kept in view. 


PT H,*OMe CH, 

 eewnoabedaa an o<}0H SoH 

i ithiinithenaadiinenns ‘Ho CH-OMe 

Se CH-OMe CH-OMe 

bcicisieussaeteexen CH:-OMe CH:-OMe 

i csliicwapaaiiadisile’ CH,"OMe CH,"OMe 
(VI.) (VIT.) 


There can no longer remain any doubt that this formula must be 
revised, since it is now established that the carbon atom 3, indicated 
above, cannot be concerned in the internal oxide linking, inasmuch 
as this carbon atom must be associated with a methoxyl group in 
order that the sugar may give rise to trimethoxyglutaric acid, one 
of the products of degradation described in the preceding paper 
(Haworth and Linnell). 

An alternative ethylene-oxide structure (VII) might meet the 
case provided it were allowable, during the course of the oxidation 
with the selected reagents, for the methoxyl group attached to 
the sixth carbon atom to suffer expulsion, with the consequent 
introduction of carboxyl at both the second and sixth positions in 
the chain. But trimethoxyglutaric acid was only formed as the 
result of further oxidation of the primary oxidation product which 
was isolated, namely, the d-valerolactone, and it appears unreasonable 

M 2 
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to suppose that, if lactone formation occurred by elimination of 
a methoxyl residue from a position in the hexose chain, the residue 
expelled should be that attached to carbon atom 6 rather than 5, 
since the latter choice would lead to the more usual y-lactone. 

Severance of the hexose chain between the second and third 
carbon atoms by the agency of alkaline permanganate gave rise, 
however, to dimethoxy-y-butyrolactone, whereas if the fructose 
fragment were to be formulated as in VI, then the product normally 
to be expected would be trimethoxybutyric acid. That the terminal 
methoxyl group in a compound such as the latter is not prone to 
removal by lactone formation was shown by Irvine and Hynd 
(T., 1909, 95, 1226), who obtained «8-dihydroxy-y-methoxybutyric 
acid by oxidation of 6-methy] fructose (butylene-oxidic). Moreover, 
it would indeed be remarkable to encounter the loss of a methoxyl 
group in alkaline solution without the concomitant of oxidation 
of the terminal —CH,*OMe group to —CO-OMe, and it is clearly 
shown that before isolation of the dimethoxy-y-butyrolactone by 
means of mineral acid, the primary oxidation product was potassium 
y-hydroxy-«$-dimethoxybutyrate. 

Acceptance of both formule VI and VII seems therefore to be 
precluded by the evidence of oxidation, and these ethylene-oxidic | 
formulz must therefore be abandoned. A propylene oxide structure 
is also inconsistent with the facts, and the only constitution which 
fully meets the case for tetramethyl y-fructose is that which 
represents this compound as containing an amylene-oxide ring as 
shown in formula I. It follows that the allocation of a structural 
formula to sucrose is simplified, and this now consists in butylene- 
oxidic glucose linked with amylene-oxidic fructose by union of 
these hexoses through their reducing groups. 

Other data bearing on the constitution of heptamethyl sucrose 
may now be furnished. It was previously demonstrated that in 
this compound the glucose residue was partly substituted by methyl 
groups and a liquid trimethyl glucose was isolated (Haworth, 
loc. cit.). It is shown that this sugar, which has now been obtained 
in the crystalline form, must be represented by formula VIII. 

Octamethyl sucrose has been prepared by a new method which 
dispenses with the use of methyl iodide. Also it was found in the 
course of this work that a y-sugar may be easily separated from a 
sugar of the butylene-oxidic type by taking advantage of the ease 
with which glucoside formation may be promoted in the cold with 
sugars of the former class. This is paralleled in other groups of 
compounds by several examples of unsaturated acids in which 
separation may be effected by preferential esterification or hydrolysis 
(compare Haworth and Perkin, T., 1908, 93, 585). 
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The reduction of tetramethyl y-fructose with sodium amalgam 
and moist ether gave rise to a compound having all the properties 
of a tetramethyl hexitol, and consisting probably of both the 
mannitol and sorbitol derivatives. These showed a specific 
rotation of + 10-8° in water, and this value was not influenced by 
the introduction of boric acid. Bdéeseken’s results tend to show 
that where no exaltation of specific rotation occurs by the addition 
of boric acid, the compound ordinarily does not contain two 
hydroxyl groups attached to contiguous carbon atoms. It will 
be seen that the structure (IX), allocated to the tetramethyl 
hexitols on the basis of the previous discussion, fulfils this condition. 

-CH-OH CH,OMe 
| CH-OMe CH-OH 
(VIII.) GE-OMe CH-OMe 
\CH CH-OMe 
CH-OH CH-OMe 
CH,°OMe CH,°OH 


EXPERIMENTAL. 
Oxidation of Tetramethyl y-Fructose with Permanganate. 


Preliminary experiments were instituted in order to determine 
the volume of a standard permanganate solution necessary for the 
oxidation of tetramethyl y-fructose. Using neutral permanganate 
in the cold, the whole of the sugar did not undergo oxidation. 
The instantaneous decoloration of permanganate by the y-sugar, 
which has been regarded as a characteristic reaction of sugars of 
this class, ceased after the addition of a few drops of very dilute 
permanganate, and thereafter the decoloration was extremely slow. 
The reaction appeared to be complete, however, long before one 
atomic proportion of oxygen had been supplied. On the other 
hand, when alkali was added, the instantaneous oxidation of the 
sugar proceeded provided the alkalinity was maintained. 

An explanation of this behaviour is that a small proportion of 
the y-sugar is originally present in an enolic form, and that it is 
this form which normally is responsible for the characteristic 
permanganste test for these compounds. Enolisation may, how- 
ever, be induced by the addition of alkali, and so long as alkali is 
present the whole of the sugar can combine with oxygen and 
undergo scission at the double linking which is introduced as the 
result of enolisation. The sensitiveness of tetramethyl y-fructose 
towards alkali is illustrated by the fact that the specific rotation 
is diminished in presence of very dilute sodium hydroxide from 
+ 31° to — 19° in the course of a few hours. 


306 HAWORTH AND MITCHELL : 


Acid oxidising agents, on the other hand, attack this y-sugar 
less speedily than alkaline permanganate, and it is remarkable 
that oxidation proceeds scarcely at all with bromine water. It 
may be remarked that some discrepancy appears to have entered 
into the literature of the y-sugars concerning the use of the per. 
manganate test. Almost all sugars, whether butylene-oxidic or 
those of the y-type, respond quickly towards alkaline permanganate, 
but the butylene-oxidic forms decolorise neutral permanganate 
only tardily, and it is this latter reagent which is normally applied 
for the detection of a y-sugar. 


Isolation of Dimethoxybutyrolactone. 


Trial oxidation experiments were conducted with the aid of a 
solution containing 1°78 grams of tetramethyl y-fructose in 200 c.c. 
of water. Five c.c. of this solution, to which 1 c.c. of N-sodium 
hydroxide was added, required 28°4 c.c. of 0°092N-permanganate. 
The results pointed to the utilisation of four atomic proportions 
of oxygen for each gram-molecule of the sugar. From the initial 
titration experiments there remained over exactly 185 c.c. of the 
sugar solution, containing 1:167 grams of tetramethyl y-fructose. 
To this was added 12 c.c. of 2N-sodium hydroxide and such a 
volume of the permanganate solution as corresponded with four 
atomic proportions of oxygen. On keeping for several days at 
room temperature, the solution showed a faint green colour and 
this was discharged by the addition of a trace of hydrogen peroxide 
or alcohol, After passing through the solution a stream of carbon 
dioxide to eliminate the free alkali and finally filtering from the 
precipitate of manganese oxides, the clear solution was evaporated 
in a vacuum and yielded a yellow solid. 

Extraction of this solid, first with ether and then with chloroform, 
removed a small quantity of syrup. The residue was dissolved in 
acidified water and extracted with ether in the Hageman apparatus. 
On drying the extract and evaporation of the solvent, a syrupy 
residue was obtained which showed a faintly acid reaction. Dis- 
tillation of a trial portion of this product yielded a colourless liquid 
boiling at 130—135°/0°14 mm. with considerable darkening of the 
residue. This gave OMe = 41:4 per cent., showed np 1°4419, and 
the product was titrated with alkali: 

0°1165 Gram required 8°16 c.c. of N/10-NaOH for complete 
neutralisation after heating, and behaved throughout as a lactone. 
A lactone, C,H,0,(OMe),, of a monobasic acid should require 
8:0 c.c. A determination of molecular weight in benzene solution 
by the cryoscopic method gave the values 159 and 165, whereas 
the above formula requires 146, Since a very small proportion 
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of this distilled product had crystallised on keeping, it is possible 
that the compound shows a tendency to polymerise. 

The major portion of the compound was prepared for analysis 
without submitting it to distillation, and this was dried at 80° in 
a high vacuum : 

0:1730 Gram required 11°64 c.c. of N/10-barium hydroxide for 
neutralisation after heating at 90°, whilst a compound of the above 
formula requires 11°84 c.c. 

Found: C= 48:96; H=638; OMe = 40°5. C,H,0,(OMe), 
requires C= 493; H = 6:84; OMe = 42°4 per cent. For the 
purpose of purification, the barium salt was prepared (Found : 
(= 30°96; H=492; Ba= 29°74. Cale, C=3107; H= 
475; Ba = 29°65 per cent.). 

An attempt was made to conduct the oxidation with barium 
permanganate in presence of barium hydroxide, but the former 
reagent which was supplied to us was found to be chiefly the 
potassium salt. Ultimately 4:07 grams of tetramethyl y-fructose 
were submitted to oxidation in alkaline solution, the permanganate 
being added gradually in the cold until the colour was no longer 
discharged by more of the reagent. Thereafter the isolation of the 
product followed the usual procedure and, on evaporation of the 
neutralised and filtered solution, a syrup was recovered containing 
the potassium salt of an organic acid along with traces of mineral 
salts. ‘Treatment with alcohol removed the latter, and this was 
followed by extraction with ether, in which the main product was 
insoluble. The ether contained a substance which reduced Fehling’s 
solution readily, whilst the insoluble residue was devoid of this 
property, and weighed 4 grams, This latter compound was dried 
and submitted to analysis; it appeared to be the potassium salt 
of dimethyl trihydroxybutyric acid, OH-*CH,[CH-OMe}],°CO,K 
(Found: K = 19°30; OMe = 29°5. C,H;0(OMe),°CO,K requires 
K = 19°31: OMe = 30°7 per cent.]. 


Attempted Oxidation of Tetramethyl y-Fructose with Bromine. 


Bromine (10:4 grams) in 40 c.c. of water was gradually added 
to an aqueous solution of 4°8 grams of tetramethyl y-fructose, the 
mixture being surrounded with cooled water and agitated for 
twelve hours. Thereafter the unchanged bromine was removed 
under diminished pressure at 40°, more water being added from 
time to time as the bulk diminished. Finally, the solution was 
concentrated in a vacuum, neutralised with silver carbonate, 
filtered, and the dissolved silver eliminated as sulphide. Evapor- 
ation, followed by drying in a vacuum, led to a mobile liquid 
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distilling at 95—97°/0°01 mm. The analysis and physical properties 
indicated that this compound was unchanged tetramethy] y-fructose, 


Condensation of Tetramethyl y-Fructose with Methyl Alcohol. 


A specimen of tetramethyl y-fructose was dissolved in methy] 
alcohol containing 0°25 per cent. of hydrogen chloride, the con. 
centration of the sugar present being 2°4 per cent. This was 
maintained at room temperature and polarimetric readings were 
taken. 

Time in Time in 
minutes. [a] minutes. [a]. 
+-19-9° 184 +36-4° 
22-0 236 38-3 
23-0 271 40-3 
25-9 1,400 49-8 
28-8 7,200 57-7 
33:0 

When the solution was heated to 35°, a temporary fall in rotation 
was observed, but the original value was restored on cooling to 
room temperature. After 1700 minutes, the solution was devoid 
of action towards Fehling’s solution. At this period, therefore, 
the condensation was complete, and the subsequent increase in 
rotation up to -+ 57°7° could only have been due to a change in 
the proportions of «- and $-forms present on keeping in the solvent. 
As will be shown later, the specific rotation of the distilled fructoside 
was -++ 48°8° in water, and it is probable that the stereochemical 
forms are interconvertible by heating or cooling. 

When the above solution was heated to 35°, a temporary fall in 
rotation was observed, but the former value was restored as soon 
as the solution cooled to room temperature. It is interesting to 
correlate this phenomenon with the similar observation of Purdie 
and Paul (T., 1907, 91, 296), whose records show a diminution of 
levorotation when fructose undergoes condensation with methyl 
alcohol. In this case, the optical value tends to approach towards 
dextrorotation if the solution is heated above room temperature 
during the condensation, but here again the variation is only 
temporary. 

The above methyl alcoholic solution was neutralised with barium — 
carbonate, the mineral salts were removed, and the product was 
isolated by the recognised procedure, when an amber-coloured 
syrup was obtained which had no action on Fehling’s solution and 
distilled as a colourless liquid at 137—139°/13 mm. and showed 
Ny 1°4461. It decolorised neutral permanganate instantly (Found : 
C = 52°8; H = 8°82; OMe = 59°9 per cent.). 

Irvine and Steele and, later, Menzies (T., 1920, 117, 1487; 1922, 
121, 2246), describe the preparation of this compound, namely 


THE CONSTITUTION OF THE DISACCHARIDES. PART VIII. 309 


tetramethyl y-methylfructoside, by a different method and from 
material derived from another source. It is interesting to compare 
the polarimetric data of this substance with those previously 
recorded : 


erties 
tose, 


a. Solvent. 
ethyl TEI soasiseovteeesssncereotsstencvvnmneres 
con. HY] AlCGHO! .......ccrcccccceccccccsoeccees f 
Methyl alcohol _ ........csscccccosscceseees 2-32 40:0 
was 
were Isolation of Tetramethyl y-Fructose from Octamethyl Sucrose. 
Two advances have been made on the methods described in the 
earlier work. It is now shown to be possible to methylate sucrose 
completely with methyl sulphate, and also to separate by an’ 
entirely new procedure the y-fructose from the glucose fragment. 
Whilst under the usual conditions of experiment heptamethyl 
sucrose was the ultimate product obtained by methylating sucrose 
; with methyl sulphate (Haworth, loc. cit.), yet by varying these 
‘ion Bf conditions, namely, by conducting the second and third methyl- 
to ations in much more dilute solutions and using a larger excess of 
‘oid Ff methyl sulphate and sodium hydroxide, it was found that almost 
ore; Bf the whole of the product was octamethyl sucrose, distilling con- 
-™ § stantly at 176°/0°3 mm. and having np 1°4582. The use of methyl 
| § iodide for the introduction of the eighth methyl group was therefore 
nt. no longer necessary. 
ide Hydrolysis with 0°4 per cent. hydrochloric acid led to a mixture 
cal of tetramethyl glucose (butylene-oxidic) and tetramethyl y-fructose. 
} These two products cannot be separated by fractional distillation 
™ owing to the similarity of their boiling points. Taking advantage 
On §j of the fact that the fructose fragment condenses with methyl 
to alcohol at room temperature, whilst the glucose residue requires 
lie prolonged digestion at a higher temperature to effect condensation 
of with this reagent, a process of separation was readily devised. 
yl The mixture of compounds obtained on hydrolysis of octamethyl 
ds sucrose was dissolved in methyl alcohol containing 0°12 per cent. 
” of hydrogen chloride, and the solution was kept at room temperature 
ly for four days. The specific rotation increased gradually to a 
" constant value, and finally the products were worked up in the 


usual way and distilled, when tetramethyl y-methylfructoside 
boiling at 137—139°/13 mm. was collected, whilst the tetramethyl 
glucose, having now a considerably higher boiling point, was left 
in the distilling flask, and crystallised. 


Reduction of Tetramethyl y-Fructose. 


Tetramethyl y-fructose (4°5 grams), dissolved in 50 c.c. of moist 


ether, was stirred under reflux in a well-cooled vessel, and carbon 
M* 
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dioxide was passed through the solution. During twenty-three 
hours, 293 grams of 2°5 per cent. sodium amalgam were added, and 
the volume of liquid was kept constant by adding more ether from 
time to time. Following the filtration of the sodium bicarbonate, 
the ethereal solution and washings were dried and the solvent 
distilled, when a colourless syrup remained. A portion of this 
distilled at 171°/17 mm. and showed mp 1°4572; the remainder was 
prepared for analysis by careful drying in a°* vacuum (Found: 
C= 50°79; H=906; OMe= 51:2. C,9H,.0, requires C= 
50°42; H=9°25; OMe = 521 per cent.). This result corre- 
sponded with a tetramethyl hexitol, and the product evidently 
was a mixture of both tetramethyl mannitol and sorbitol. It 
showed [«]i7 + 10°8° in aqueous solution (c = 2°5). The addition 
of 0°1 gram of boric acid to 10 c.c. of the solution produced no 
change in the specific rotation. 


Isolation of Crystalline Trimethyl Glucose from Heptamethyl Sucrose. 


In the hydrolytic cleavage of heptamethyl sucrose by dilute 
acid, the glucose fragment was represented by a trimethyl glucose 
(Haworth, loc. cit.). This was readily separated from the accom- 
panying tetramethyl y-fructose, since its boiling point was con- 
siderably higher than that of the latter compound. On repeating 
this work with the view of allocating a structural formula to this 
trimethyl glucose, the compound distilled at 165—170°/0°4 mm. 
and showed mp 1°4795 (Found: OMe = 41°4 per cent.). 

The substance partly crystallised on keeping, and the semi- 
crystalline syrup was dissolved in dry ether, treated with charcoal, 
and the solution concentrated. Large, acicular crystals were soon 
deposited, which melted at 124°. Polarimetric records showed 
mutarotation during one day from [a] + 118°4° to + 69°3°. When 
this substance was mixed with a purified specimen of the crystalline 
trimethyl glucose obtained by Haworth and Leitch in the course 
of their work on lactose, the melting point showed no depression, 
thus confirming the identity of the two specimens. The structure 
is therefore to be represented by the formula VIII. 
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XXXVIITI.—Isolation of the Oxide of a New Klement. 
By ALEXANDER Scott. 


Iv 1913 I had the opportunity of examining a black titaniferous iron 
sand from Maketu, New Zealand. This was found to consist almost 
exactly of 75 per cent. of magnetic iron oxide, Fe,0,, and 25 per 
cent. of titanium dioxide, TiO,. The titanium dioxide on further 
examination was found to contain a minute amount of some similar 
substance which was not attacked or rendered soluble by the reagents 
which should dissolve both titanium and zirconium oxides. The 
original sand seemed to be entirely free from any of the “ rare earths ”’ 
and this residue possessed none of their characteristic properties. 

Needless to say, work on this interesting substance was practically 
stopped during the war, but the accumulation of small quantities 
was carried on intermittently until a quantity of about 1°4 grams 
of a pale buff-coloured powder was collected in a fair state of purity. 

Briefly, the method of isolating it from the original material was 
to boil the sand with concentrated sulphuric acid until all the black 
particles had disappeared, and pour the product into water, then 
dissolve the precipitated titanium dioxide in hot sulphuric acid ; 
any undissolved residue was dried and fused with sodium bi- 
sulphate, the melt dissolved in water, and the new residue fused 
with pure caustic soda; the insoluble residue from this was again 
subjected to fusion with these reagents when, as above mentioned, 
‘4 grams were separated and labelled “‘ New oxide”’ in 1918. 
It had ail the characteristics which one would expect in an oxide 
of the titanium-zirconium group and its double fluoride with 
potassium crystallised in a way very similar to the corresponding 
fluorides of titanium and zirconium. 

All attempts to prepare soluble salts such as the sulphate, chloride, 
and nitrate, as might be anticipated, proved fruitless, so that no 
obvious method of determining the atomic weight of the element 
except by means of the double fluoride seemed feasible. 

Two experiments with an impure sample of the double fluoride 
(which almost certainly contained excess of potassium fluoride 
and perhaps also some sodium fluoride) gave 144 for the atomic 
weight of the element. 

I give the actual weighings in the first experiment : 

Platinum crucible + K,XF, dried at 135° 13°4438 

after ignition with strong H,SO, giving XO,+K,SO, 13°3893 

Crucible + oxide after re-ignition with (NH,),CO, 13-2288 

Crucible 12-9992 
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In a second experiment with another lot of the same sample 
0°3306 of salt gave 0°1761 of oxide; 
hence 0°7752 of salt gave 0°4057 of oxide, that is, 52°3 per cent. 
of its weight of the oxide. 
The zirconium double fluoride only gives 43°35 per cent. 


The result above given is undoubtedly much too low because of 
the impurities indicated. 

The oxide obtained from the double fluoride was of a cinnamon- 
brown colour; it is possible that the colour may be due to a trace 
of iron which still seems to be present in spite of the drastic treatment 
which the material has received. 

I have offered to send my preparations for examination to Drs. 
Coster and Hevesy at Copenhagen, who are the discoverers by means 
of X-ray spectral analysis of lines corresponding to an element the 
atomic number of which is 72, and await their report with breathless 
interest. The examination with the appliances at their command, 
far more powerful and discriminating than any private investigator 
can possess, must be regarded as settling the question whether my 
“New Oxide ” is, or contains, the oxide of Element number 72. 

Should it prove to be so, as the new element belongs to the same 
family as titanium and is found along with it in the black sand, I 
propose to give it a name derived from Oceanus, one of the Titans. 
The name which I suggest is Oceanium, which has the further 
recommendation of recalling that the element comes from the sea- 
shore of New Zealand, one of the components of Oceania. 


34, Upper HAMILTON TERRACE, 
Lonpon. [ Received, February 1st, 1923.] 


XXXIX.—The Configuration of the Doubly-linked Ter- 
valent Nitrogen Atom. The Resolution of the 
Pyridylhydrazone of cycloHexylene Dithiocarbonate. 


By Wit11am Hosson Mints and Hans ScHInpDLer. 


SOME years ago one of us, with Miss A. M. Bain (T., 1910, 97, 
1866), examined the stereochemical relationships of the oxime of 
cyclohexanone-4-carboxylic acid (Perkin, T., 1904, 85, 416), with 
the object of obtaining information respecting the disposition in 
space of the valencies of the doubly-linked nitrogen atom, and 
showed that this compound could be obtained in two enantio- 
morphously related optically active forms. 

Since it is impossible to account for the molecular asymmetry 
thus demonstrated if the valencies of the nitrogen atom in the 
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oximino-group in this compound have a planar distribution, direct 
evidence was provided that these valencies do not lie in one 
plane, but are directed along the three edges of a trihedral 
angle. 

It was also shown (T., 1914, 105, 64) that the benzoylphenyl- 
hydrazone and the semicarbazone of cyclohexanone-4-carboxylic 
acid could be obtained in optically active forms and thus that, in 
these compounds also, the three valencies of the doubly-linked 
nitrogen atom are similarly asymmetrically disposed. 

In view of the interest attaching to the stereochemistry of the 
doubly-linked nitrogen atom it has seemed to us desirable to investi- 
gate in a similar manner some other compound of as different a 
chemical type as possible from 4-oximinocyclohexanecarboxylic 
acid but possessing the same stereochemical characteristic that 
its molecule is asymmetric or not according as the three valencies 
of the doubly-linked nitrogen atom have a trihedral or a planar 
distribution. In the present communication, an account is given 
of the synthesis and resolution into optically active components 
of the pyridylhydrazone of cyclohexylene dithiocarbonate (I). 


1 
@: SSO:N-NH-C,;H,N (1) 


Yi, 

In discussing the optically active forms of the oxime of cyelo- 

hexanonecarboxylic acid, the question was considered whether 

their optical activity was possibly to be accounted for by the 

hypothesis that the optically active compounds obtained did not 

really contain the oximino-group, but were the d- and l-forms of a 
desmotrope of the oxime, the hydroxylamine derivative (ITI). 

—CH,°CH 


HON: CoH CH CH: CO; HONHC<G pf? oy! >CHCO,H 


(II. ) (III.) 

It was pointed out, however, that the behaviour of the substance 
towards Fehling’s solution showed clearly that it was a true oxime 
(II), and this was confirmed by the fact that the optical activity 
was more persistent in presence of caustic alkalis which, if tauto- 
merism of the kind suggested were possible, would favour the 
acidic oximino-form, whilst acidification, which should increase 
the stability of the more basic hydroxylamino-form, caused an 
immediate disappearance of the activity. 

Nevertheless, in seeking another compound which could be 
employed for investigating the stereochemistry of nitrogen by 


314 MILLS AND SCHINDLER: THE CONFIGURATION OF 


this method it seemed to us important to find one in which al] 
possibility of passage by migration of a mobile hydrogen atom 
into a compound with an ordinary asymmetric carbon atom should 
be excluded. The most obvious modification of oximinocyelo. 
hexanecarboxylic acid by which this immobility could be secured 
would consist in the replacement of the four hydrogen atoms in 
the two methylene groups adjacent to the oximino-radicle by 
methyl groups, but there seemed little prospect that the problem 
could be solved in this way. For the carbonyl group in tetra- 
methylcyclohexanonecarboxylic acid (IV) would be so surrounded 


(Iv.) CO< Get oH > CH-CO,H CO,HCH< GHG >CS v, 


with methyl groups that it would probably prove indifferent, on 
account of steric hindrance, to hydroxylamine or to substituted 
hydrazines (Petrenko-Kritschenko, Ber., 1896, 29, 996; Bouveault 
and Loquin, Bull. Soc. chim., 1906, [iii], 35, 655). It appeared, 
however, that our object might be achieved by employing a com- 
pound containing, in place of the system ~CMe,°CO-CMe,-, the 
radicle of the thiocarbonates -S:CS‘S-. Mobile hydrogen is absent 
from this grouping and there was reason to believe that the thio- 
carbonyl radicle which it contains would show a capacity for 
condensing with phenylhydrazine similar to that of the carbonyl 
group in the ketones. 

It is noteworthy that Busch and Lingenbrink (Ber., 1889, 32, 
2620) were able, by alkylating phenyldithiocarbazinic acid, to 
prepare compounds which they regarded as phenylhydrazones of 
dithiocarbonic esters. 


NHPh-NH-CS:‘SH —> NHPh:N:C(SR),. 


Moreover, Busch found (Ber., 1901, 34, 1119) that, in certain cases, 
when a compound of this type contained two different radicles, 
R and R’, it could be obtained in two isomeric forms and he was 
further able to obtain evidence (Ber., 1912, 45, 75) in support of 
the view that the isomerism in question was stereoisomerism of 
the type suggested by Hantzsch and Werner. 

The trithiocarbonate corresponding, from this point of view, with 
cyclohexanonecarboxylic acid would be a compound of the formula 
V. It appeared preferable, however, in order to secure as great a 
difference as possible from the compounds previously investigated, 
as well as for practical reasons, to make the thiocarbonate radicle 
part, not of a six-membered, but of a five-membered ring, and to 
obtain the necessary stereochemical relationships by fusing this 
five-membered ring symmetrically with the cyclohexane ring. 


little 
hexa 
these 
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We therefore undertook the preparation of cyclohexylene trithio- 
CH,°CH,CH'S 
te, ite CS, 
carbonate, (ey CH,-CH-S* 
According to well-recognised stereochemical principles the 
planes * containing the two rings must intersect at an angle as 
shownin Fig. 1 (p. 318) (the third plane represented being that which 


contains the two tertiary hydrogen atoms) and the molecule must 


* In these diagrams the six carbon atoms of the cyclohexane ring are 
represented for simplicity as lying in one plane. Since, however, the angle 
between the carbon-to-carbon valencies of a methylene group in an unstrained 
polymethylene chain is less than the angle of a regular hexagon, it is probable 
that this ring is actually somewhat distorted. 

The configuration of cyclohexane was considered by Sachse (Ber., 1890, 
98,1363; Z. physikal. Chem., 1892, 10, 203), who pointed out that there are 
two arrangements of the carbon atoms in the cyclohexane ring in which it 
would be free from strain and which are therefore to be regarded as its normal 
configurations. 

CH, 
(I) CH, cx 
CH, . 2'CH, 


JNek 


cide yos 
\y \Wi 
CH, 

In both these arrangements four carbon atoms, in the relative positions 
1, 2, 4, and 5, lie in one plane and the distortion of the ring by which the 
strain is relieved consists in the displacement of the other two carbon atoms, 
3 and 6, to an equal distance to one.side or the other of this plane. The 
first arrangement is that in which the carbon atoms are on opposite sides 
and the second that in which they are on the same side of the plane. A 
little consideration will show that when a second ring is fused with the cyclo- 
hexane ring, as is the case in cyclohexylene dithiocarbonate, the second of 
these arrangements alone is possible. The effect of this distortion on the cyclo- 
hexylene dithiocarbonate molecule (II) will therefore be that the carbon atoms 
4and 5 will not lie in the plane which contains the carbon atoms 1, 2, 3, and 
6, but they will each be situated an equal distance behind it. Thus, in spite 
of this distortion of the cyclohexane ring, the plane through the lines ao, 
bo, co is still a plane of symmetry of the cyclohexylene dithiocarbonate 
molecule. 

Sachse assumed that the natural angle between the carbon-to-carbon 
valencies in a chain of methylene groups was 109°28’. The angle between 
carbon valencies can, however, only have this value in compounds in which 
the carbon atom is attached to four like atoms or groups. The angle in 
question is evidently greater than that in such fully symmetrical compounds 
(Ingold, T., 1921, 119, 305, estimates it from considerations based on atomic 
volumes as 115-3°), and thus it must approximate more closely to the angle 
of the regular hexagon than Sachse supposed. The degree of distortion of 
the cyclohexane ring from the plane configuration is therefore presumably 
comparatively slight. 

Since the isomerism which distortions of this type, if sufficiently per- 
manent, would condition among alicyclic compounds has never been observed, 
itis probably to be concluded that in liquid or dissolved substances they are 
in continuous flux and therefore cannot be the cause of optical activity. 
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possess a plane of symmetry, namely, the plane cutting the three 
planes shown in the figure at the dotted lines ao, bo, and co. 

Unfortunately, it was found that the preparation of this com. 
pound presented very considerable difficulties. Whilst monocyclic 
esters of trithiocarbonic acid, such as ethylene trithiocarbonate 
(Husemann, Annalen, 1862, 123, 83), or trimethylene trithio. 
carbonate, are easily obtained by the interaction of ethylene bromide 
or trimethylene bromide with sodium or potassium thiocarbonate, 
we were quite unable to obtain the dicyclic cyclohexylene ester 
from cyclohexene dibromide in this way. At length, however, 
after having tried several other methods, we found that the ester 
could be prepared, though not very readily, by the action of 
potassium thiocarbonate on 2-iodocyclohexanol, a compound dis. 
covered by Brunel (Compt. rend., 1902, 135, 1057). 


CH, CH, 


CH,/ \CHI _. CH, \CHS , 
Hj )cH-OH T Koos > CHa, Jas OS + KI + KOH 


Cit, CH, 
As we had expected, it reacts readily with phenylhydrazine to 
give the phenylhydrazone, CpHip<g>C:N *NHPh. 


If the valencies of the doubly-linked nitrogen atom in this 
compound are trihedrally disposed, it must consist of a mixture 
(or a racemic compound) of two enantiomorphous forms, but 
whether this was the case or not could not be determined on 
account of its chemical indifference. 

To obtain a compound suitable for resolution, it Was necessary 
to prepare a hydrazone with either acidic or basic properties. The 
optically active oxime of Mills and Bain was acidic. It was 
therefore preferable for the present purpose to employ a basic 
compound, the more so since the presence of an acidic group, such 
as a carboxyl or sulphonic group, in a hydrazine considerably 
diminishes its reactivity towards ketones. It seemed that basicity 
might be most easily conferred on this compound by replacing the 
phenyl group in the hydrazone residue by pyridyl; we therefore 
prepared 2-hydrazinopyridine described by Fargher and Furness 
(T., 1915, 107, 688) and found that this reacted with cyclohexylene 
trithiocarbonate, although considerably less readily than pheny]- 
hydrazine, giving the pyridylhydrazone of cyclohexylene dithio- 
carbonate. This had marked basic properties and thus a compound 
presenting the necessary chemical and stereochemical characteristics 
was finally obtained. 

In studying the salts which this pyridylhydrazone formed with 
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dilute acids, we examined first the d-bromocamphorsulphonate and 
found at once that by means of this salt a resolution could be 
effected. After crystallising the d-bromocamphorsulphonate from 
alcohol and ether and decomposing it with ammonia, a specimen 
of the hydrazone was obtained which showed marked levorotation, 
[aJs — 53° in carbon disulphide solution. However, in the next 
resolution which was carried out the first crop of salt gave a dextro- 
rotatory specimen of the hydrazone on decomposition, and sub- 
sequent experiments showed that the behaviour of the salt on 
fractional crystallisation was exceedingly erratic. 

As initially prepared, by combining the hydrazone with the acid 
in alcoholic solution and precipitating the greater part of the 
product with ether, the salt showed a specific rotation [«]p in 
alcoholic solutions of from + 55° to + 58°. On dissolving this 
salt in alcohol and causing it to crystallise in fractions by the 
addition of successive quantities of ether, the first fraction some- 
times showed an increased specific rotation, for example, in one 
case [x], -+ 80°, but on the other hand the first fraction would 
very frequently show a diminished specific rotation, often of only 
+ 45° or less, and the second fraction would then generally show 
a specific rotation higher than that of the initial product. 

A similar behaviour was shown by the fractions when recrystal- 
lised. Whether the fraction was one of lower or of higher specific 
rotation than the initial product, the first crop obtained in the 
recrystallisation might show either an increased or a diminished 
specific rotation, and inoculation seemed without effect. The salt 


three 
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on 
recovered from the final mother-liquors in the recrystallisation 
ary was, however, in most cases of low specific rotation, [«], + 10° 
“he to — 14°. 
vas Since the process was thus so little subject to control, we frac- 
sic tionated the salt by precipitation by ether from alcoholic solution 
ich and kept all fractions of which the specific rotation was either 
aly higher than [«], + 67° or lower than [«],-+ 36°. The strongly 
ty rotatory fractions were united, as were also the feebly rotatory 
he fractions, and in this manner two quantities of the salt were 
re accumulated of mean specific rotation [«], + 82° and [a], + 8°6°, 


respectively. 

Each of these quantities was decomposed with ammonia and 
the optically active hydrazone liberated was recrystallised. Each 
of the two specimens thus obtained had a melting point about 
half a degree higher than that of the inactive compound and was 
shown by combustion to be the analytically pure pyridylhydrazone. 
The pure hydrazone isolated in this way from the salt of higher 
specific rotation was strongly dextrorotatory, showing a specific 
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rotation [«], + 46°, whilst that from the salt of lower specific 
rotation was considerably more strongly levorotatory ([«]p — 83°).* 

Thus although the peculiar behaviour of the salt on recrystallis. 
ation prevented us from obtaining, with the quantity of material 
at our disposal, the enantiomerides in optical purity, these observ. 
ations prove conclusively that the hydrazone exists in two 
enantiomorphous forms. Its molecule therefore possesses no 


plane of symmetry. 
Now it will be clear that when the residue of cyclohexylene 


dithiocarbonate, OH ip<g>C<, is united with the pyridylhydrazine 


residue, > N-NHPy, to form the pyridylhydrazone, if the disposition 
of the three valencies of the doubly-linked nitrogen atom in the 
latter compound is such that they lie in one plane, this plane must 


Fria. 1. 


coincide with the plane of symmetry of the cyclohexylene dithio- 
carbonate residue. The doubly-linked nitrogen atom as well as 
the nitrogen atom of the pyridylamino-radicle will then lie in this 
plane, and therefore it will be a plane of symmetry of the whole 
molecule, and the molecule must be superposable upon its mirror 
image. But, as has been shown, the hydrazone exists in two 
enantiomorphously related modifications. The pyridylamino- 
radicle therefore cannot lie in the plane of symmetry of the cyclo- 
hexylene dithiocarbonate residue, but must be permanently 
displaced either to one side of it or the other, somewhat as repre- 
sented in Figs. 2a and 2b. The resolution of the hydrazone into 


* The optically pure enantiomerides probably possess considerably larger 
specific rotations. A specimen of salt of specific rotation [a], -+- 136° gave 
a specimen of hydrazone of specific rotation [a], + 131° and another specimen 
of salt of specific rotation [a], — 3° gave a specimen of hydrazone of specific 
rotation [a], — 100°. 

The amounts of these products obtained were insufficient for analysis, 
but in view of the results described above there is no reason to doubt that 
the active material in each case consisted of analytically pure hydrazone 
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optically active enantiomerides thus constitutes a direct proof 
that the three valencies of the doubly-linked nitrogen atom, which 
the molecule of this compound contains, do not lie in one plane 
but are directed along the three edges of a trihedral angle. 

These observations, taken together with those of Mills and Bain 
on the oxime, the benzoylphenylhydrazone, and the semicarbazone 
of cyclohexanecarboxylic acid, thus show that in several different 
types of compounds the valencies of a doubly-linked nitrogen atom 
have a trihedral disposition. They accordingly provide a direct 
proof of the fundamental hypothesis on which Hantzsch and 
Werner based their explanation of the isomerism of the oximes 
and other compounds containing a similarly bound nitrogen atom. 

In one respect, the pyridylhydrazone of cyclohexylene dithio- 
carbonate shows a marked difference from the oxime and the 
hydrazones of cyclohexanecarboxylic acid. The latter substances 
are exceedingly sensitive to acids, losing their activity immediately 
on acidification. This hydrazone was found, however, to retain 
its activity even after keeping for hours in solution in dilute hydro- 
chloric acid. At the same time, it possesses no great stability, for 
in working up the mother-liquors of the bromocamphorsulphonate 
a peculiar odour, evidently proceeding from small quantities of a 
decomposition product, was frequently noticed. 

The trithiocarbonate is also easily decomposed. When it was 
heated in alcoholic solution with pyridylhydrazine in order to 
prepare the pyridylhydrazone, a by-product of markedly acidic 
character was alwaysformed. This had a composition corresponding 
with the formula C,H;N,S and it was easily obtained by heating 
pyridylhydrazine with potassium trithiocarbonate and acetic acid. 
It was thus evidently a mercaptan (VI) derived from benzoiso- 
triazole, a condensed ring system formed by fusion of a dihydro- 
pyridine nucleus with a triazole nucleus, discovered by Marckwald 
and Rudzik (Ber., 1903, 36, 1111). 


() vity'f >) 
a yigtee ‘ye 2 LANG 


A similar compound was obtained by Marckwald and Meyer 
from 2-quinolylhydrazine (Ber., 1900, 33, 1888). Moreover this 
substance shows the behaviour characteristic of compounds con- 


taining the group HS-0<) first observed by Wohl and Marck- 


wald (Ber., 1889, 22, 576), in that the sulphydryl] radicle is very 
readily eliminated by warming with dilute nitric acid, benzoiso- 
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triazole being formed. This mercaptan probably owes its formation 
to the intermediate production of the tautomeric modification 
(VIII) of a pyridylhydrazone (VII). 


EXPERIMENTAL. 


cycloHexylene T rithiocarbonate.—2-Iodocyclohexanol was prepared 
by treating cyclohexene in ethereal solution with iodine in presence of 
yellow mercuric oxide and water (Brunel, Compt. rend., 1902, 135, 
1055). The crystalline product of the reaction was drained from 
adherent oil on unglazed tiles and recrystallised from light petroleum. 
This compound was converted into trithiocarbonate by heating the 
pure substance, melting at 41—42° (4°4 grams) for one and a half 
hours on the boiling water-bath with potassium trithiocarbonate 
(3°6 grams; 1 mol.) and aqueous methyl alcohol (32 c.c. of methyl 
alcohol and 12 c.c. of water). 

The liquid, which at first was turbid, soon cleared, and cyclo- 
hexylene trithiocarbonate separated in yellow prisms. After cooling, 
the ester was collected and purified by recrystallisation from 
alcohol. It melts at 165—166° and is easily soluble in hot alcohol 
or carbon disulphide, but dissolves less readily in ether (Found: 
C= 440; H=53; S=50°6. C,H,S, requires C = 44:2; H = 
5°3; S = 50°5 per cent.). The yield of the recrystallised product 
is usually only about 11 per cent. of that theoretically obtainable, 
the main product of the reaction being a viscous oil. 

Phenylhydrazone of cycloHexylene Dithiocarbonate (cycloHexylene 
Phenyldithiocarbazinate)—This compound is easily prepared by 
heating the trithiocarbonic ester on the boiling water-bath with an 
excess of phenyihydrazine (3°5 mols.) in alcoholic solution, hydrogen 
sulphide being eliminated. Better yields (about 87 per cent. of 
the theoretical) were obtained by heating the trithiocarbonic ester 
with phenylhydrazine hydrochloride (10 mols.) and sodium acetate 
(16 mols.) in aqueous alcoholic solution on the water-bath. On 
cooling, the phenylhydrazone crystallised in colourless leaflets, 
which, after recrystallisation from alcohol, melted at 181°5—182° 
(Found: C= 592; H=60; N=108; S= 24:1. C,,H,,N,S, 
requires C = 59:0; H= 61; N=10°7; S = 24:2 per ceni.). 

2-Pyridylhydrazone of cycloHexylene Dithiocarbonate (cycloHerylene 
2-Pyridyldithiocarbazinate).—The trithiocarbonic ester (1 gram) and 
an equal weight of 2-pyridylhydrazine (Fargher and Furness, loc. 
cit.) were dissolved in alcohol and boiled for seven hours on the 
water-bath. The greater part of the solvent was then evaporated 
and the crystals which separated on cooling were recrystallised twice 
from carbon disulphide and then once from alcohol. The pyridyl- 
hydrazone was thus obtained as a yellow, crystalline powder 


1ation 
sation 
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melting at 167—168°5° and easily soluble in carbon disulphide or 
in hot alcohol (Found: C = 54:3; H = 5°8; N = 15°8; S = 24°4. 
CigH,5NsS. requires C= 544; H= 57; N=159; S = 242 
per cent.). 

Benzoisotriazolyl Mercaptan.—This compound can be isolated 
from the alcoholic mother-liquor from which the crude pyridyl- 
hydrazone has crystallised by evaporating the alcohol and treating 
the residue with excess of aqueous ammonia. This dissolves the 
mercaptan (which contains the acidic grouping ‘N:G-SH), but leaves 
the other substances present undissolved. The ammoniacal 
solution is filtered from these and acidified with acetic acid, when 
the mercaptan is slowly deposited. It is collected after two days, 
decolorised with animal charcoal, and recrystallised several times 
fom hot water. It crystallises in fine, colourless needles and 
melts at 205—206°. It is very easily soluble in alcohol or in hot 
water, and is moderately soluble in ether or carbon disulphide. 
It is sufficiently strongly acidic to decompose sodium bicarbonate 
(Found: C=477; H=36; N=270; S= 213. C,H;N,S 
requires C = 47°7; H=33; N= 278; S = 212 per cent.). 

This mercaptan is easily prepared by the action of trithiocarbonic 
acid on pyridylhydrazine. 


( Newaiit8 : a 
*N:‘N'H S:C-SH NENT. 
ee ee 


Equimolecular quantities of pyridylhydrazine and potassium 
trithiocarbonate were boiled for two hours in alcohol to which a 
little glacial acetic acid had been added. The alcohol was then 
evaporated and the residue was dissolved in hot water. The 
mercaptan crystallised on cooling and was found to be identical 
with that obtained as a by-product in the preparation of the 
pyridylhydrazone. 

The mercaptan was oxidised to benzoisotriazole by heating with 
excess of 20 per cent. nitric acid on the water-bath. A somewhat 
vigorous reaction took place with the evolution of nitrous fumes. 
On evaporating the nitric acid, the benzoisotriazole was left as a 
hygroscopic residue as described by Fargher and Furness (loc. cit., 
p. 695). The chloroplatinate was precipitated at once on the 
addition of chloroplatinic acid to the aqueous solution of the base. 
It did not melt at 300° [Found: Pt = 29°7. (C,H;N3)2,H,PtCl, 
requires Pt = 30°1 per cent. ]. 
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Resolution of cycloHexylene Dithiocarbonate Pyridylhydrazone, 


The d-bromocamphorsulphonate, with the aid of which the 
resolution was effected, was prepared by adding a solution of 
d-bromocamphorsulphonic acid (0°64 gram) in absolute alcohol 
(2 c.c.) at the ordinary temperature to the hydrazone (0°5 gram; 
1 mol.) in suspension in absolute alcohol (6 ¢.c.). After the hydr. 
azone had passed into solution, which quickly took place, anhydrous 
ether (30—50 c.c.) was gradually added. Small crystals of the 
salt soon appeared and in a short time the greater part of the 
product separated as a voluminous, crystalline precipitate. When 
left in contact with the solution, the fine needles generally under. 
went a gradual transformation into larger crystals. 

In this manner 4 grams of the hydrazone gave 8 grams of salt, 
the theoretical quantity being 8°7 grams. The specific rotation, 
[«]p, of different preparations varied from + 55° to + 58° in 
alcoholic solution. 

To recrystallise the bromocamphorsulphonate, it was dissolved 
in the minimum quantity of absolute alcohol and anhydrous ether 
was added, when the salt was gradually precipitated in very fine 
needles. The second and subsequent crops were obtained by 
evaporating the mother-liquors to small volume in a vacuum at 
the ordinary temperature and then adding more ether. 

The following examples, in which, however, less irregularity is 
apparent in the changes of specific rotation than was frequently 
observed, illustrate the behaviour of the salt on recrystallisation. 

(1) 2°14 Grams of the salt as initially obtained gave, on being 
fractionated in the way described, a first fraction, weighing 0°41 gram, 
of specific rotation [«], + 48°, a second fraction, weighing 1°18 
grams, of specific rotation [«],+ 59°, and a third, weighing 
0°32 gram, also of specific rotation [«]p + 59°. The first and third 
fractions were worked up with others of similar specific rotation. 
The second was recrystallised separately and gave 0°94 gram of 
specific rotation [«],-+ 70°, which, again recrystallised, gave 
0°73 gram of specific rotation [«]p-+ 92°. All specific rotations 
were taken in alcoholic solution. Here a progressive elimination 
of the l-hydrazone d-bromocamphorsulphonate and a corresponding 
concentration of the d-hydrazone d-bromocamphorsulphonate was 
clearly taking place. 

(2) A fraction, weighing 1°39 grams, of specific rotation [«]p + 51° 
was recrystallised and gave a first crop, weighing 0°88 gram, of 
specific rotation [«], + 32° and a small second crop (0°05 gram) of 
specific rotation [«],-+- 71°. The first crop, thrice recrystallised, 
gave first 0°75 gram of specific rotation [«]) + 26°, then 0°49 gram 
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of specific rotation [«],-+ 19°, and then 0°27 gram of specific 
rotation [«], — 3°. Thus in this example a concentration of the 
|hydrazone d-bromocamphorsulphonate was being effected. 

The way in which two fractions of salt of specific rotation 
[t]p + 82° and [a], + 8°6°, respectively, were obtained has already 
heen indicated. These were investigated in the following manner. 

A quantity of 2°07 grams of the salt of higher specific rotation 
was suspended in water and was decomposed by the addition of 
an excess of dilute ammonia. The hydrazone thus set free, being 
insoluble, was collected and, after having been dried, was recrystal- 
lised, first from carbon disulphide, and then from alcohol. This 
purification was accompanied by considerable loss, as the hydrazone 
is rather easily soluble in carbon disulphide, 0°44 gram only of 
hydrazone being obtained out of the theoretical quantity of 
0:95 gram. 

The specimen of hydrazone thus isolated melted sharply at 
168—169° (the inactive hydrazone melts at 167—168°5°) and was 
analytically pure (Found: C = 54:5; H=5°7. Cale., C = 54°4; 
H = 5°7 per cent.). It was markedly dextrorotatory. 

0:2064 Gram of hydrazone, in carbon disulphide solution (20 c.c.), 
gave ap + 105° (1 = 2°2); whence [«]) + 46°3°. 

00617 Gram of hydrazone, in alcoholic solution (20 c.c.), gave 
al’ +- 0°31° (J = 2:2); whence [a]jf + 46°. 

The hydrazone similarly isolated from the salt of specific rotation 
[«]) + 8°6° was strongly levorotatory. The quantity of this salt 
taken was 0°761 gram. The hydrazone obtained by decomposing 
it with ammonia after recrystallisation first from carbon disulphide 
and then from alcohol weighed 0°16 gram. It melted at 168—169° 
and was analytically pure (Found: C = 546; H=5°7. Calc., 
C= 54:4; H = 5°7 per cent.). It was examined polarimetrically 
with the following result. 

00338 Gram, in alcoholic solution (10 c.c.), gave aj — 0°28° 
(= 1); whence [«]i* — 83°. 

University CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, January lith, 1923.] 


XL.—The Sorption of Iodine by Carbons Prepared 
from Carbohydrates. 
By JAMES BRIERLEY FIRTH. 


Taz work of investigators on sorption by carbon has hitherto 
been mainly confined to carbons of either animal or vegetable 
origin, such as bone charcoal, blood charcoal, or the different 
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varieties of wood and nut charcoal. The exception seems to 
have been sugar carbon, and to a lesser degree lampblack. It 
would appear that if carbons of different molecular complexity 
could be prepared, they would have a corresponding variation 
in activity and sorptive capacity. 

The object of this series of investigations is to determine, if 
possible, whether the complexity and nature of the original com. 
pound influence the activity of the carbon produced from it, 
and also to determine the influence (if any) of such elements as 
nitrogen, sulphur, and the halogens in the parent substance. It 
is therefore proposed to prepare carbons from pure substances 
belonging to the various classes of organic compounds. 

The present investigation is confined to carbons prepared from 
carbohydrates. 


EXPERIMENTAL. 


The chloroform was dried for several days over calcium chloride 
and fractionated, the middle portion only being taken. 

Resublimed iodine was employed as solute. 

The carbohydrates used were the purest obtainable, and those 
marked K were Kahlbaum’s preparations. The carbohydrates 
were carbonised at as low a temperature as possible and the con- 
ditions were as nearly as possible the same in all cases. The re- 
sulting carbon was finely powdered, digested with concentrated 
hydrochloric acid, washed with water, and finally boiled with 
water until free from chloride, and the purity of the carbon then 
determined. Cellulose carbon was prepared from the best surgical 
cotton wool. It was digested successively with dilute potash, 
dilute hydrochloric acid, water, alcohol, and ether to remove 
admixtures and finishing materials. It was then carbonised as 
in other cases. A specimen of sugar carbon was prepared by 
adding concentrated sulphuric acid to a concentrated sugar solu- 
tion, the resulting carbon was repeatedly digested and washed with 
boiling water until free from sulphate, and then treated as in other 
cases. The approximate density of each carbon was determined 
by the water displacement method. Although the values for 
density are not to be regarded as absolute, the figures indicate 
satisfactorily the relative densities of the various carbons. 

N/10-Solutions of iodine in chloroform were used throughout. 
The carbon was heated to a dull red heat, out of contact with the 
air, immediately before being used. One gram of the finely divided 
carbon was used in each case and treated with 25 c.c. of the N/10- 
iodine solution. The experimental details were very similar to 
those already stated (Firth, Trans. Faraday Soc., 1921, 16, 434). 


De 
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BY CARBONS PREPARED FROM CARBOHYDRATES. 


TABLE I. 


Carbon Percentage Percentage 
prepared ash as ash after 
from prepared. purification. Density. Remarks. 
Bright ; 
og oe 0-245 0-086 sort easily 
"vy J | powdered 
by ELSO } 0-773 0-189 1-700 " 
2 4 
Glucose 1-784 0-512 1-502 ““ 
Maltose (K) 0-111 0-098 1-509 zn 
Lactose (K) 0-637 0-372 1-619 
Levulose (K) 0-323 0-129 0-410 
Dull; 
pier \ 0-504 0-461 1-434 E easily 
7 powdered 
Tome 2-810 1-326 1515 
starch 
: Fine black 
Rca \ 2-770 1-036 1-436 peony 
pyrophoric 
( Bright ; 
Dextrin (K) 0-661 0-432 1-497 + easily 
| powdered 
{ Very hard; 
Tnulin (K) 2-071 1-117 1-506 difficult 
| to powder 
{ Very fine 
d 
Cellulose 0-486 0-301 1-480 — 
pyrophoric 


The temperature of experiment was 18°. The results are expressed 
in terms of 100 c.c. of solution; the mass of carbon, m, = 4 grams; 
z/m = grams of iodine sorbed by 1 gram of carbon; a — x = the 
final concentration of the solution in grams per 100 c.c. The time 
of exposure of the carbon to the solution was varied from five 
minutes to seven days. The results are given in Table II. 

From Table I, the purest carbon of the series is seen to be that 
prepared from maltose, whilst potato starch carbon finally con- 
tained the highest percentage of ash. With three exceptions, 
the ash was considerably less than 1 per cent., whilst in two cases . 
it was less than 0°1 per cent. During carbonisation, most carbo- 
hydrates passed through a very viscous phase and gave rise to a 
friable, metallic-looking carbon mass. In the cases of rice starch 
and cellulose, no such phase occurred, and the ultimate product 
was a very fine, easily pyrophoric powder, whilst inulin gave rise 
to a dull and exceedingly hard carbon. 

From Table II it will be observed that the various carbons differ 
very much in activity. The values of x/m for an interval of five 
minutes vary from 0:06672 in the case of levulose carbon to 0°2917 
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TABLE II. 

Source of Source of 
carbon. Time. <2/m. a—z, carbon. e «im a—zx, 
5 mins. 0-2439 0-2941 i. mins. 0-1562 0-6450 
° 30 ,, 02540 0-2537 »» 01647 0-6110 
Sucrose : hours 0-2622 0-2209 4. .453 2 hours 0-1803 0-5486 
(by heat) » 02847 01309 »  0-1981 0-4774 
Sat 0-2958  0-0865 3 _— 0-2149 0-4102 
»  0°:3085 0-0357 0-2363 0-3246 


mins. 00-2911 0-1050 
>»  0°2942 0-0930 
hours 0:2963 0-0846 
d 


ts 


5 mins. 0-1859 0-5261 
{3° »  0O-1961 0-4853 


bo 


“AWRPD OG EEE 


4 ,, 02289 0-3541 »  0-3006 0-0674 
3 days 0-2631 0-2173 
7 


» 0-2762 0-1649 


ays 0:3073 0-0406 
0-3106  0-0274 


5 mins. 0-2917 0-1019 mins. 0:2858  0-1265 

[30 »  0-2954 0-0881 (2 » 02892 0:1129 

Glucose / .2 hours 0:2979 0-0781 Potato _ hours 0-2931 0-0973 
24 ,, 03012 0-0649 starch 2 » - 0:2969 0-0821 

3 days 0-3092 0-0329 days 0-3047 0:-0509 

7 5 03104 0-0281 » 09-3098 0-0305 

5 mins. 0-1951 0-4893 5 mins, 0-2346 0-3313 

[2 »  0-2025 00-4597 30 ,, 0-2483 0-2765 

ae 2 hours 0-2142 0-4129 Rice 2 hours 0-2587 0-2349 
24 ,, 0-2429 02981 starch |24 ,, 00-2692 0-1929 

| 3 days 00-2868 0-1225 3 days 0-2878 0:1185 

7 4 03012 0-0649 7 4 02998 0-0705 


30 ,, 0-1841 0-5334 30 ,, 02456 0-2874 
2 hours 0:1952 0-4890 Wheat | 2 hours 0-2532 0-2570 
4 ,, 02270 0-3618 starch 24 ,, 0-2699 0-1902 
3days 0-2680 0-1978 3 days 0-2868 0-1226 
7 » 02996 0-0714 7 4 02987 0-0750 


5 mins. 0-06672 1-0029 5 mins. 0-1698  0-5906 

30 ,, 0-07854 0-9556 30 ,, 0-1827 05390 

2 hours 0-09364 0-8952 . 2 hours 0-2001 0-4694 

Levulose } 94 9.1328 «0-7386 «= Ulin 404 | 0.2192 0-3930 
3days 0:1545 0-6518 3 days 0-2352 0-3290 

7 4  O-1741 0-5784 7 ,, 02581 0-2374 


5 mins. 0-1734 0-5762 5 mins. 0-2301 0-3494 
Lactose | 


in the case of glucose carbon, and for twenty-four hours the values 
are 0°1328 and 0°3012, respectively. It will be observed from 
Table I that levulose has the lowest density of the series, but the 
results in general do not indicate that density is a primary factor 
in determining the activity of the carbon. Glucose, cellulose, 
and potato starch carbons show very high activity, and with the 
exception of levulose the remainder of the carbons are of medium 
activity. 

After a period of seven days, the total iodine sorbed by the 
respective carbons appears to be approaching an identical value; 
that is, ultimately the sorptive capacity in all cases will be the 
same. In order to test this view, the three carbons from glucose, 
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jevulose, and dextrin, under the same conditions as before, were 
exposed to the iodine solution for six months; the x/m values 
then were: glucose 0°3128, leevulose 0°2893, dextrin 0°2962. These 
results would indicate, therefore, that under the conditions of the 
present experiments the ultimate sorptive capacities of the carbons 
of this series are the same. 


Summary. 

For the conditions of the experiments as herein described : 

1. The activity of the carbons prepared from carbohydrates may 
vary over quite a large range. 

2. The greatest activity is displayed by the carbon prepared from 
glucose, and the least by the carbon prepared from levulose. 

3. The ultimate sorptive capacity of all the carbons prepared is 
the same. 

Tue CHEMICAL DEPARTMENT, 


UNIVERSITY COLLEGE, NOTTINGHAM. 
[Received, December 16th, 1922.] 


XLI.—The Chemistry of the Glutaconic Acids. Part 
XIV. Three-carbon Tautomerism in the cyclo- 
Propane Series. 


By Frank Rosert Goss, CHRISTOPHER KELK INGOLD, and 
JOCELYN FIELD THORPE. 


THE outcome of work, which has been carried out on glutaconic acid 
and its derivatives during the past seventeen years, has been to 
show that the ordinary geometrical conceptions regarding the 
influence of the double bond fail to account for the peculiar reactions 
of these substances, excepting in the case of acids in which the last 
remaining mobile hydrogen atom has been replaced by an alkyl 
group, for instance, ««-dimethylglutaconic acid and ««-trimethyl- 
glutaconic acid, which cease to be of interest from the point of view 
of three-carbon tautomerism, and are found to occur in ordinary 
cis- and trans-modifications, the former alone being capable of 
yielding an anhydride. Glutaconic acid, on the other hand, in 
spite of frequent attempts, has been isolated in only one form; and 
this form, instead of being of the usual stable trans-configuration, 
possesses a cis-structure, since it yields an anhydride very readily. 
It is true that many of the alkyl-substituted glutaconic acids which 
still contain a mobile hydrogen atom exist in two modifications, but 
the isomerism here is certainly not of the ordinary geometrical 
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type, since, unlike ««-dimethylglutaconic acid and other acids of 
the non-mobile series, the isomerides give anhydrides with equal 
ease. Only when the mobile hydrogen atom is replaced, or when 
the mobility is reduced by the presence of bulky substituents, as 
in the case of $-phenyl-«-methylglutaconic acid, does ordinary 
geometrical isomerism occur. 

In the mobile series, therefore, the static geometrical conception 
must be replaced by a broader view, and one of the principal results 
of recent work has been to confirm the view, advanced by Thole 
and Thorpe (T., 1911, 99, 2187), that these acids are mobile tauto- 
meric substances, and that the «- and y-carbon atoms of the three- 
carbon system function equally. A striking and most welcome 
additional confirmation is provided by the recent experiments of 
Feist (Annalen, 1922, 428, 25 et seq.), who found that asymmetrically 
substituted glutaconic esters, on fission by the ozone method, gave, 
not the two products expected from a static substance having the 
double bond in a definitely fixed position, but four products, two 
of which corresponded with each of the two possible positions for 
the double bond. This kind of behaviour appears to be peculiar to 
all symmetrical mobile systems, since not only glutaconic esters, 
but also diazoamino-compounds and amidines, yield four products 
instead of two when subjected to fission by suitable reagents 
(Ingold and Piggott, T., 1922, 121, 2381). 

The idea of symmetry is not conveyed by the ordinary double- 
bonded formula of the glutaconic acids, and it has been customary 
to employ the “semi-aromatic ”’ mode of formulation, which is 
intended to express, not only the symmetry of the mobile system, 
but also its stability and the strong tendency to its formation. 
Thus it has repeatedly been shown that acids, to which semi- 
aromatic formule have been given, are only with the greatest 
difficulty reduced to the corresponding glutaric acids, whilst the 
esters show little or no tendency to form additive products with 
ethyl cyanoacetate in the normal manner characteristic of «$-un- 
saturated esters. In other words, the appearance of mobility in the 
glutaconic acids is associated with a definite loss of additive 
power, to which further reference will be made below. 

The other point, which has frequently been emphasised, is the 
remarkable tendency to the formation of the mobile glutaconic 
acids, which is such that groups, for instance the carbethoxyl group, 
are removed with quite extraordinary ease, and in the presence of 
reagents which do not usually effect their elimination, when the 
mobile hydrogen atom necessary for glutaconic tautomerism can 
thereby be acquired. Thus although ethyl «-carboxyglutaconate 
and ethyl «y-dicarboxyglutaconate are both quite stable towards 
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sodium ethoxide, ethyl «y-dimethyl-«-carboxyglutaconate and 
ethyl «-methyl-«y-dicarboxyglutaconate, on treatment with cold 
sodium ethoxide, readily split off a carbethoxyl group as ethyl 
carbonate, and thus acquire the hydrogen atom necessary for 
tautomerism (Bland and Thorpe, T., 1912, 101, 871): 


(CO,Et),CMe-CH:CMe-CO,Et —> 
CO,Et-C[H]Me-CH:CMe-CO, Et ++ CO(OEt),. 
(CO,Et),CMe-CH:C(CO,Et), — 
CO,Et-C[H]Me-CH:C(CO,Et), -+ CO(OEt).. 


Similar examples have been described in the case of certain 
indene derivatives (Ingold and Thorpe, T., 1919, 115, 143) which 
are analogous to glutaconic acid, and there is every reason to 
suppose that the phenomenon is fundamentally identical with the 
formation of mobile keto-enol systems, by the elimination of a 
bromine atom as hypobromous acid in the presence of dilute alkalis 
(Norris and Thorpe, T., 1921, 119, 1202). Such abnormal reactions 
appear to be peculiar to the formation of mobile tautomeric systems, 
and represent a feature of which count must be taken in arriving at 
a just appreciation of the molecular condition of these substances. 

For these reasons, it seemed desirable to investigate the behaviour 
of certain cyclic substances possessing a structure similar to that of 
glutaconic acid, in order to ascertain whether the phenomena 
associated with this particular group are of widespread occurrence. 
The substance which first suggested itself was the cyclopropene 
acid (I), which, if formulated as a glutaconic acid, would have the 
structure (II) possessing an axis of trigonal symmetry, the mobile 


n, hydrogen atom belonging equally to each of the three carbon atoms 

‘i composing the ring : 

‘ C-CO,H 

i (I) CO,H: cH<fj 7 COLH CO,H-C4t} ay 
C-CO,H \G-CO,H 


Such a substance would doubtless possess quite extraordinary 
stability and exhibit to a marked degree the loss of additive 
power which appears in every case to accompany the production 
of a symmetrical glutaconic structure. 

Pending, however, a study of the conditions under which this 
acid could be prepared in quantity from tricarballylic acid, it was 
decided to carry out investigations on the chemistry of acids of 
the type III and VI, in order to ascertain whether they fall within 
the glutaconic conception and possess in — formula IV. 


C-CO,H Cl vont 


(I.) CH, (IV.) 
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Now it is a curious fact that cyclopropene acids: of type III o 
VI are easily prepared, so long as there is a hydrogen atom available 
to enable them to assume the structure of formula IV. Thus 
Farmer and Ingold (T., 1921, 119, 2003) were able to prepare the 
acid (VI) from the bromoglutaconic ester (V) 


CHBr:CO,Et CH-CO,H 
V. 2 H<) 2 (VI.) 
jibe CHS on. ‘CO, Et in NSO: CO,H 


whilst, by a similar process, Feist (Ber., 1893, 26, 750) obtained 
the acid (VIII) from bromoisodehydracetic ester (VII). 


CBr-co—O C-CO,H 
(VIL) OM HM 2 (vi. 
) CMe<,, (CO, Et):CMe vs ey C-CO,H ; 


But in every case in which attempts have been made to prepare 
acids of this constitution without the hydrogen atom, for example, 
the acid (IX), other products have been formed. 


Me ‘CO,H Me CHBr-CO,Et 
(IX. 2 (X.) 
Weed C-CO,H Me? ¢SCHBr- CO,Et 


The first attempts of this kind were made by Perkin and Thorpe 
(T., 1901, 79, 732), who treated the dibromo-ester (X) with alcoholic 
potassium hydroxide and obtained the ethoxy-derivative (X1), 


whilst from the corresponding dibromo-acid they obtained the keto- 
acid (XII). It was suggested at the time, that in all probability 
the unsaturated ring acid was first formed, but that, being unstable, 
it added on either the elements of alcohol to form the ethoxy- 
derivative, or of water to form the keto-acid. 


Ry ,—C(OEt)CO.H  =R CO-CO.H =R (OH)-CO,H 
RO o% H-CO,H RO Con, -CO,H oe. ‘CO,H 
(XI.) (XII.) (XIII.) 


Since that time the behaviour of other dibromo-{8-substituted- 
glutaric acids has been studied, with results which are summarised 
briefly in the following table. 


aa’-Dibromoglutaric Products of action 
ester with B8-group. of alcoholic KOH. ype. Observers. 
Dimethyl Ethoxy-ring acid Perkin and Thorpe 
Keto-acid (loc. cit.). 
Methyl ethyl Ethoxy-ring acid Singh and Thorpe, this 
Keto-acid vol., p. 113. 

Diethyl Hydroxy-ring acid Deshapanda and Thorpe 
and keto-acid in (T., 1922, 121, 1439). 
equilibrium 

cycloHexane Hydroxy-ring acid Beesley, old, and 
only Thorpe mes 1915, 

107, 1080). 
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It will be noticed that the order of stability of the cyclopropane 
ring is in accordance with our general view of the influence of groups 
and ring-systems on the deflection of the tetrahedral angle, and 
that, for example, the cyclohexane complex, which produces the 
greatest effect, renders the hydroxy-ring stable; whereas in the case 
of the diethyl group the slight alteration of the angle leads to 
tautomerism between the open-chain keto-acid and the hydroxy- 
ring acid; in the other two instances, the angular deflection is not 
sufficient to render the ring structure stable, unless an ethoxy-group 
is attached to one of the carbon atoms. 

From this evidence it seems fairly certain that in every case the 
products are due to the initial formation of the unsaturated ring 
structure (type IX), and that in no single instance does this structure 
possess sufficient stability to enable it to survive, in spite of the 
fact that gem-groupings should favour its stability. Moreover, the 
replacement of one of the alkyl groups of the gem-complex by 
hydrogen should, owing to the consequent increase of the tetrahedral 
angle (Ingold, T., 1921, 119, 305; 1922, 121, 2676) decrease the 
stability of the unsaturated ring, whereas, actually, the contrary 
is the case to such a degree, that the unsaturated systems (VI) and 
(VIII) are not only capable of existence, but are comparatively 
stable substances. 

It is evideat, therefore, that in the systems conventionally 
represented ky formule (VI) and (VIII), conditions are present 
which are not accounted for by the ordinary conceptions applicable 
to these structures, and that these conditions are determined by 
the presence of a mobile hydrogen atom, the acids being in every 
way comparable with glutaconic acid in the possession of what we 
have named elsewhere ‘‘ semi-aromatic ” character. 

Strong confirmation of this is obtained on considering the properties 
of the substances themselves. Thus the acid previously represented 
by formula (VIII) occurs, like glutaconic acid, in one form only 
(m. p. 200°), which must therefore have the “ normal ” structure 
(XIV), although in solution there must be a definite phase consisting 
of the “labile”? form (XV), since many of the reactions of the 
substance are obviously reactions of this form. 


0-CO,H he 
‘ ; CMe< (H°CO,H (XV.) 
'CO,H C-CO,H 


Moreover, although only one acid is isolable, it forms both normal 
and labile esters. Further details of the relationship between these 
two esters will be given below, but it may be added here that 
additional evidence of the labile phase of the acid is shown by its 


(XIV.) Mec 
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conversion (in poor yield) into its hydroxy-anhydride (XVI), which 
must take place through the intermediate formation of the labile 
modification, and by the formation of 2 : 3-dibromo-3-methylcych. 
propane-1 : 2-dicarboxylic acid (XVII) on addition of bromine. 


2 C:C(OH) Br-CO,H 
(XVI.) M B 2 (XVII, 
CMe< é on? CMe rep CO,H ) 


Nevertheless the only acid which can be isolated is an ex. 
tremely stable substance, which sublimes without decomposition 
at temperatures approaching 200°, and, like all true glutaconic 
acids, is very stable towards reducing agents, since it remains quite 
unattacked on prolonged treatment with sodium amalgam, even in 
boiling solution. It can, however, be reduced by heating with 
hydriodic acid under energetic conditions, but the remarkable point 
is that the glutaconic system is not reduced to a glutaric acid 
system by this means, since no trace of the saturated cyclopropane 
acid (XVIII) is found in the product, which consists entirely of a 
mixture of the normal and labile forms (XIX and XX) of 8-methyl- 
glutaconic acid; showing that, whilst in the presence of this power- 
ful reducing agent the three-carbon ring undergoes fission, never- 
theless, the glutaconic system survives. 


CH-CO,H 
CH-CO,H 
(XVIII) 


CHMe<t 


It has been noted on p. 328 that one of the most characteristic 
phenomena associated with mobile systems, such as the glutaconic 
acids, consists in their production by the easy elimination of groups 
from systems which thereby acquire the hydrogen atom necessary 
for tautomerism. The acid (XIV) offers a remarkable instance of 
the occurrence of this rather unusual type of reaction, since the 
bromo-substitution product (XXI), in which the bromine atom 
replaces the mobile hydrogen atom of the parent substance, is 
unstable in the presence of cold dilute alkalis, which reduce it 
quantitatively to the mobile acid (XIV) with the simultaneous 
production of alkaline hypobromite. From any point of view, 
other than that put forward in this paper, this reaction would be 
the more extraordinary by reason of the fact that the analogous 
saturated ring acids (X XIT) and (XXIII) exhibit more than ordinary 
stability towards hydrolysing agents; for it has been shown (Ingold, 
T., 1921, 119, 314; 1922, 121, 2693) that these substances are only 
partly decomposed even after several weeks’ continuous boiling 
with dilute alkalis. For example, we do not believe that any 
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jlocation of plus and minus signs to the various atoms in the cyclo- 
propane complex can be made the basis of a convincing explanation 
of such an extreme difference in the reactivity of similarly situated 
romine atoms; on the other hand, the difference is entirely in 
cord with the general principles which have arisen during the 


I, 
' study of the glutaconic acids and other mobile systems. 

“x. _—CBr-CO,H . CBrCO,H sw ¢ BreCO.H 
tin FO” SC-CO.H CH<tycon CAMS Ga.co,Ht 
oils (XXI.) (XXIL.) (XXJIL.) 
juite # Although the cyclopropene acid (X1V) can be isolated in one form 
n in @ «uly, its ethyl ester exists in three well-defined modifications. Now 
vith itis evident that ordinary stereochemical theory cannot account for 
ont # the existence of three forms of the unsaturated ester (X XV), because 
acid Hi the methyl group and one carboxy] group lie in the plane of the ring ; 
ane # reometrical isomerism is therefore impossible, and the only reasonable 
of a B alternative is to suppose that the difference between the esters is 
1yl- B due to difference in the position of the mobile hydrogen atom, and 


that the esters are structural isomerides like the ketonic and enolic 
forms of ethyl acetoacetate. Actually a close examination of the 
esters proves this to be the case. 

In the first place, it is to be noted that the general theory of 
glutaconic acid tautomerism indicates the existence of three isomeric 
esters of each acid, which may be respectively termed the normal 
ester, the labile ester, and the enol-ester. The normal, labile, and 
enol-esters of the cyclic glutaconic acid under consideration have 
respectively the formule : 


Lic 
~C-CO,Et 7 ” 

iS 2 ’ o( Wau &. OR 
ny CMe<a OMe<GIHICOsEt = oye<G-C(OLH])-OEt 
yf C00, Et C-CO,Et C-CO,Et 
: (Normal) r (Labile) (Enol) 
wy xxrvy (XXV.) (XXVI) 
m 


(Mobile hydrogen atom represented [H ]}) 


In the “‘ normal ”’ formula (XXIV), as in all formulz of the normal 
glutaconic type, the mobile hydrogen atom is placed at the centre 
of the three-carbon (glutaconic) system, in order to indicate that this 
three-carbon system represents the extent of what may loosely be 
described as the orbit of the hydrogen atom. Thus the “ normal” 
formula is essentially a dynamic formula, whilst the “labile” 
formula, which obviously corresponds more closely with static 
structural ideas, contains the hydrogen atom on the «-carbon atom 
of the system, and therefore at the point of junction of the three- 
carbon system and the keto-enol system formed by the «-carbon 
atom and the adjacent carbethoxyl group. The hydrogen atom, 
VOL. CXXIII. N 
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which is now only potentially mobile, has therefore two possible 
orbits : it may pass either into the three-carbon system to give the 
normal modification, or into the carbonyl system and thus give the 
enol-ester. Thus the normal ester can be converted into the enol. 
ester, and vice versa, only by way of the labile ester, which forms a §] 
halting-place in the two-stage migration of hydrogen from one triad 
system to the other. 

Now in ordinary glutaconic esters, the normal, labile, and enol. 
esters appear to be progressively unstable in the order named, 
Thus glutaconic ester can be isolated in the normal form only, 
although the labile form has somewhat more than a momentary 
existence, as can be proved by generating it in the presence of a 
substance with which it can condense (Ingold and Thorpe, T., 192], 
119, 492). In the case of 6-methylglutaconic ester, both the normal 
and labile varieties can be isolated, although the labile form passes 
back into the normal on keeping for a few years at the ordinary 
temperature (Thorpe, T., 1919, 115, 682). 

In no case, however, has an enol-ester been isolated ; for although 
the yellow sodio-derivatives of the glutaconic esters are undoubtedly 
derived from these enolic forms, the free enol-esters, when liberated, 
even by weak acids such as carbon dioxide, pass into the labile 
esters (or into the normal esters if the labile esters are unstable) 
before isolation can be effected (Bland and Thorpe, T., 1912, 104, 
871, 1571). 

In the case of the cyclopropene acid, however, the enol-ester can 
be isolated and preserved for several hours, or days, according to 
the temperature; the labile ester can be preserved for several 
months, and the normal ester apparently indefinitely. Moreover, 
the properties of the three esters are completely in accord with the 
constitutions assigned to them. 

In the first place, it is necessary to be sure that the isomerism 
is not physical. That it is not is shown, for example, by the fact 
that the esters differ from one another both physically and chemically 
in the liquid state and in solution; that they can be separated from 
one another by physical or chemical means such as crystallisation, 
fractional distillation, or extraction with alkalis; that intercon- 
version in the dissolved state in the presence of a catalyst leads, not 
to a pure individual, but to an equilibrium mixture, which, after 
destruction of the catalyst, can be separated by the methods named. 

The normal ethyl ester, m. p. 38-39°, b. p. 135°/20 mm., to 
which formula (XXIV) is assigned, undoubtedly has a structure 
closely analogous to that of the free acid, because although a 
mixture of both this and the labile and enol-esters is produced on 
esterifying the acid with alcohol and sulphuric acid in the ordinary 
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yay, the ester, m. p. 38—39°, alone is formed when the silver salt 
of the acid is treated with ethyl iodide. Consequently this must 
ie the normal ester, and its properties, for instance, its inability to 
yield a sodio-derivative without previous conversion into the labile 
rm, its inability to give a coloured iron salt, and its stability 
towards additive reagents such as ethyl sodiocyanoacetate, are all 
wmpletely analogous to the properties of all the normal esters of 
the glutaconic series. 

The labile ester, b. p. 155°/20 mm., to which formula (XXYV) is 
sven, is easily distinguished from the normal ester by the fact that 
itquickly gives the yellow sodium salt of the enol ester on treatment 
vith cold, dilute, alcoholic sodium ethoxide. The normal ester is 
maffected by this treatment, and only on digestion with hot con- 
entrated sodium ethoxide is converted into an equilibrated mixture, 
the composition of which is discussed in connexion with the general 
question of the interconversion of the three isomerides (p. 338). 
Again, in the course of time, cold concentrated aqueous alkalis 
convert the labile ester into alkali salts of the enol ester, but they 
have no action on the normal ester. On the other hand, the labile 
ester is sharply distinguished from the enol-ester, because the former 
is quite incapable of dissolving in dilute, cold alkalis and gives no 
immediate coloration with ferric chloride, although on keeping in 
ontact with this reagent a colour slowly develops. The formation 
df iron salts from enol esters should be (and is) practically instan- 
taneous (Knorr and Schubert, Ber., 1911, 44, 2772; Wisliscenus, 
dnnalen, 1896, 291, 178), and the slow development of colour 
in the present instance affords a measure of the velocity of 
enolisation in the presence of a reagent for the enolic form. 

Finally, the enol-ester (X XVI) is easily distinguished from both 
its isomerides by the fact that it is immediately soluble in cold, 
dilute sodium hydroxide, giving a yellow solution of its sodium 


ct 
ly derivative, and also by the immediate and intense coloration which 
m § ‘gives with ferric chloride. Moreover it is coloured, whilst both 


its isomerides are colourless (vide infra). 

The conversion of the enol-ester (X XVI) into the labile ester 
(XXV) takes place with moderate rapidity, both in the liquid state 
and in solution, and in the latter case is catalytically accelerated by 
tydrogen ions. Thus the pure liquid enol-ester is almost completely 
converted into the labile isomeride on keeping at the ordinary 
temperature for twenty-four hours, or on distillation under reduced 
pressure. Again, if the deep orange solution of the sodium com- 
pound, prepared either from the labile ester and dilute sodium 
thoxide, or from the enol-ester and dilute aqueous-alcoholic 


dium hydroxide, is acidified with a weak acid, such as acetic acid, 
N2 
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it turns to an orange-brown shade of medium intensity, which then 
slowly fades, the solution becoming practically colourless in the 
course of half an hour; the solution now contains the labile este; 
(XXV). That the instantaneous colour change corresponds to the 
liberation of the coloured enol-ester (X XVI) from its salt is shown 
by the fact that the solution gives an immediate intense colour with 
ferric chloride, and that as the orange-brown colour fades (corre. 
sponding with the reconversion of the enol-ester into the labile 
ester), so the intensity of the colour obtained with ferric chloride 
diminishes until, ultimately, the solution contains only the labile 
ester, which gives no immediate coloration. As in the case of many 
other keto-enol changes, the reaction is very sensitive to hydrogen. 
ion catalysis (Lapworth, T., 1904, 85, 30; Knorr, Ber., 1911, 44, 
1150), and if, for example, a drop of hydrochloric acid is added to the 
orange-brown solution of the enol-ester immediately after its 
liberation from the salt, the discharge of colour, indicating con- 
version into the labile ester, occupies only one or two minutes. 

On general grounds, there can be no doubt that the retrograde 
change, that is, the conversion of the labile ester into the enol-ester, 
also takes place at the ordinary temperature and is catalysed by 
acids in the same way, and that the purest specimens of what we 
have hitherto termed the labile ester contain in reality a minute 
amount of the enol-ester in equilibrium with a large excess of the 
labile ester. However, the quantity of enol-ester must be very 
small, because it cannot definitely be detected by the ferric chloride 
test in specimens of the labile ester which have been kept long enough 
to ensure complete equilibration, although freshly prepared speci- 
mens show a weak, immediate reaction. Another point of interest 
is that the freshly distilled labile ester shows a weak, immediate 
reaction. It will be recalled that Knorr, Rothe, and Averbeck 
(Ber., 1911, 44, 1152) have recorded temporary increases in the enol 
content of freshly distilled ethyl acetoacetate. It has already been 
noted that the enol-ester itself cannot be distilled without reversion 
to the labile form, but if on general grounds we may assume that 
the enol-ester has the smaller vapour pressure, the temporary 
production of this substance by distillation of the labile ester falls 
well into line with the conversion of the normal ester into the labile 
ester described below.* 

The interchanges between the normal and labile esters are con- 
siderably slower than those between the labile and enol esters. 
Thus the labile ester can be preserved at the ordinary temperature 


* No doubt the same principle governs the conversion of normal glutaconic 
anhydrides into the (presumably) less volatile hydroxy-anhydrides by 


distillation. 
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for days and even weeks, although an easily appreciable amount of 
conversion to the normal form takes place in the course of six months. 


n the ff Again, scarcely any interconversion takes place when either the 
ester f normal or the labile ester is distilled in a water-pump vacuum, and, 
(0 the in fact, the two esters can be separated by fractional distillation, 


owing to the rather large difference in their boiling points. If, 
however, the normal ester is distilled at atmospheric pressure, the 
distillate consists of the pure labile ester. This result is easily 


orre- 
labile @ interpreted, if it be recalled that the labile ester is considerably less 
oride @ volatile than the normal isomeride, and that at the higher tempera- 


ture of a distillation under atmospheric pressure, equilibration will 
probably be extremely rapid. It follows that whatever may be 
the initial disturbance in the equilibrium due to vaporisation, the 


gen- 
, 44, @ vapour will rapidly become equilibrated, and, on condensation, will 
» the § deposit the least volatile constituent, so that, owing to the restoration 


inthe vapour of the equilibrium thus disturbed, the condensate will 
consist solely of the labile isomeride, which, if the conditions are 
suitable, will fall into the cooled receiver too quickly for any appre- 


rade # ciable reconversion to occur. This method of interconversion of 
ster, J tautomeric individuals has previously been employed in several 
_ by § well-known instances (for example, Meyer and Hopff, Ber., 1921, 
we § 54, [B], 579). ‘Doubtless conversion into the enol-ester, which is 
ute § probably even Jess volatile, also takes place in the present case, 

under the conditions used, but since the labile-enol interchange is 


ery # many hundred times faster than the normal-labile interchange, and 
ide § in addition, overwhelmingly favours the labile ester, the cooling of 
igh § the condensate is never rapid enough to lead to more than a slight 


(and temporary) enolisation of the labile ester obtained by dis- 
tillation. 

Owing to the slowness with which the normal-labile intercon- 
version takes place at the ordinary temperature, our experiments 
on the reversibility of this reaction and on the nature of the equili- 
brium are still incomplete; but such evidence as exists at present 
appears to point to an equilibrium which favours the normal ester 
overwhelmingly. Sodium ethoxide, however, is a powerful catalyst, 
and leads rapidly to an equilibrium of the following type, in which 
the first two constituent equilibria represent the tautomerism of the 
glutaconic and keto-enol systems, respectively, and the third the 
reversible alcoholysis of the sodio-compound of the enol-ester : 


§ (NaOEt) 
Normal ester == Labile ester == Enol-ester == Sodium compound 
(HORt) 


The formation of this sodium compound leads, of course, to the 
destruction of a considerable proportion of the normal ester which 
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would ordinarily be present in an equilibrium mixture of the normal, 
labile, and enol-esters. Actually, however, the equilibrium obtained 
by the use of one equivalent of sodium ethoxide still contains about 
40 per cent. of the unchanged normal ester, traces only of the labile 
and enol esters, and about 60 per cent. of the sodium compound, 
The same equilibrium is obtained, no matter whether the norma] 
or labile ester is employed originally, provided sufficient time jg 
allowed (see table on p. 355). This reaction therefore forms 
another method by which the normal ester can be converted into 
the enol or the labile ester; for the sodium compound obtained from 
the equilibrium mixture can be converted at will either into the 
enol-ester by decomposing it with a deficit of hydrochloric acid, or 
into the labile ester by using a sufficient excess of hydrochloric acid 
to catalyse the isomeric change of the enol-ester first produced. 

It may be added here, that in view of the catalytic activity of 
sodium ethoxide in promoting these tautomeric interchanges, the 
fact that the labile ester gives an almost immediate yellow colouw 
with dilute alcoholic sodium ethoxide, whilst the coloured iron salt 
of the enol-ester is only slowly formed in the presence of ferric 
chloride, is quite easily understood. 

An indication, of the equilibrium ratios between the three esters 
in the absence of alkalis may be derived from the fact, that on 
esterification of the acid with alcohol and sulphuric acid the neutral 
product consists of 95 per cent. of the normal ester, 5 per cent. of 
the labile ester, and a qualitative trace of the enol-ester. That 
these figures substantially represent the true ratios for the system 


Normal ester === Labile ester == Enol ester 


for the solvent ethyl alcohol and the temperature 100°, is proved by 
the fact that any one of the pure esters, when heated in ethyl alcohol 
containing a mineral acid such as sulphuric acid, is converted 
ultimately into a mixture of all three esters in the proportions 
named. 

All three esters are converted into the same acid on hydrolysis 
with mineral acids, dilute alkalis, concentrated alkalis, and alkaline 
solutions containing casein. 

Corresponding with the three ethyl esters there are three methy! 
esters (normal, labile, and enol), which are prepared and converted 
one into the other exactly like the ethyl esters. The extreme 
similarity of corresponding methyl and ethyl esters, which relates 
not only to preparation, interconversion, and stability, but also to 
such details as fusibility, volatility, and velocity of interchange, will 
immediately be realised on referring to the descriptions given in 
the experimental portion of this paper, and it serves to confirm the 
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enclusions at which we have arrived in elucidating this somewhat 
complex doubly-tautomeric system. 

It is a remarkable fact that the cyclopropene ester appears to be 
quite incapable of being alkylated. ‘The sodium compound (XXVIT) 
of the enol-ester is stable in the presence of ethyl alcohol and even 
yater, aS shown by the fact that the free enol-ester is immediately 
sluble in dilute sodium hydroxide; nevertheless, all attempts to 


into replace the sodium by a non-ionisable group, such as an alkyl group, 
hin have proved unsuccessful. The probable reason for this is that 


a methyl derivative such as the ester (XXVIII) would contain 
no mobile hydrogen atom, and therefore would be incapable of 
assuming the glutaconic structure upon which, as it has already 
been shown, the stability of these cyclopropene compounds 
depends. 


y of 
the . ; 
lour @ SXVIL-) CMe< (ON Ot CMe< trent (XX VIII.) 
salt 3 2 
Tric | The methyl compound (XXVIII), like the bromo-compound (XX1), 
y p 


is therefore incapable of existence, at any rate in the presence of 
the reagents which might be expected to lead to its formation. 
In this respect, the cyclopropene ester is analogous to «y-dimethy]- 
glutaconic ester (X XIX) and «y-trimethylglutaconic ester (XXX), 
neither of which can be further alkylated (Thorpe and Wood, T., 
1913, 103, 1756), since neither ester contains an «- or y-hydrogen 
atom which could become mobile, if the existing mobile hydrogen 
atom were replaced by an alkyl group. 


CO, Et-CMe[H]-CH:CMe-CO, Et CO,Et:CMe[H]-CMe:CMe-CO,Et 
(XXIX.) (XXX.) 


This behaviour appears to be peculiar to glutaconic esters which 
contain but one potentially mobile hydrogen atom, and its occur- 
rence in the case under consideration affords further evidence that 
this case falls strictly within the glutaconic conception. 

It was stated on p. 331 that there is only one isolable form of the 
cyclopropene acid (m. p. 200°), that this has the “ normal ”’ structure 
(XIV), and that it adds on bromine by way of the labile form (XV), 
giving a dibromo-acid having formula (XVII). It is necessary now 
to examine more closely the evidence for these assertions because, 
owing to his incomplete appreciation of the glutaconic acid problem, 
Feist (loc. cit.) has been led to an erroneous conception of these 
substances. ‘Thus he states that there are not one, but two isomeric 
cyclopropene acids (m. p.’s 200° and 189°), that the acid, m. p. 200°, 
has the symmetrical formula (VIII), and that this therefore gives a 
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dibromide of formula (XX XI) which on reduction gives the isomeric 
cyclopropene acid, m. p. 189°, formula (XV) : * 
C-CO,H CBr-CO,H CH:CO,H 
CHM te Coa 2 —> CM : 
<1.C0.H ey © Me< 3 -CO.H ay Sh.c0,H 
(VITI.) (XXXT.) (XV.) 


We have carefully repeated the preparation of Feist’s acids, 
m. p.’s 200° and 189°, and can definitely state that they are one and 
the same, that is, that the acid, m. p. 189°, is an impure form 
of the acid, m. p. 200°, which is the true melting point of the pure 
compound. 

Feist mentions the following points of difference in the acids, 
m. p.’s 189° and 200°: (a) the solubilities of the two acids both in 
ether and chloroform are very different, (b) the crystalline forms of 
the calcium salts of the two acids are totally different, (c) one acid 
sublimes without decomposition, whilst the other does not, (d) the 
two acids differ by 11° in their melting points, which are not changed 
by recrystallisation. 

As regards the first point, (a), a comparative examination of the 
solubilities of the two acids in different solvents has not revealed 
any essential difference between them. With regard to (bd), Feist’s 
own experiments show that in all respects, other than crystalline 
form, the two calcium salts are identical; thus both salts contain 
three molecules of water of crystallisation, two of which are lost 
at 120° and the third at about 200°. Since an examination of both 
calcium salts has shown that the crystals, which appear to conform 
to the trigonal system, are absolutely identical, the difference 
observed by Feist was probably due to a difference in size, or some 
other accidental circumstance. Regarding (c), the statement that 


(VIII, 


the acid of higher m. p. sublimes, whilst the other does not, is readily § ; 


explained by the fact that the latter is an impure form of the 
former, as it has been found that quite a small amount of impurity 
causes the acid to decompose rather than sublime. Finally with 
respect to the melting point, (d), it is clear that the reason why 
Feist was unable to remove the impurity from the lower-melting 
acid was because he employed water as solvent, from which it 
erystallises without loss of impurity. Crystallisation from xylene 
at once raises the m. p. to 200°, and the product then sublimes 
readily and does not depress the m. p. of the original acid (200°). 


* A substance having formula (XXXI) has been synthesised, and it has 
been found to yield the saturated cyclopropane acid (XVIII), and not the 
cyclopropene acid, on reduction. The details of this experiment will shortly 
be published in another connexion, 
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It need scarcely be added that all mixtures of the specimens having 
m. p.’s 189° and 200° melt between these limits, and that both the 
pure and impure acids give the same ethyl ester, m. p. 38—39°, on 
esterification, and the same dibromide, m. p. 244°, on addition of 
bromine. It is plain, therefore, that Feist obtained only one cyclo- 
propene acid, namely, the stable semi-aromatic substance of m. p. 
200°. 

It is, moreover, an easy matter to prove that this acid can- 
not have the structure assigned to it by Feist, because, as it can 
immediately be shown by simple qualitative tests, none of the 
derivatives which were prepared by Feist has properties corre- 


meric 


cids, f sponding with the formula assigned to it. Thus, by the action of 
‘hin | bromine water, Feist obtained a bromo-acid, m. p. 138—139°, 
which on heating lost water, giving a bromo-lactone, m. p. 171° 


acid § (Feist gives 168°); this on reduction gave a bromine-free lactone, 
the fm. p. 144° (Feist gives 141°), which on treatment with hydroxyl- 
ged J amine passed back into the original cyclopropene acid, m. p. 200°. 


These reactions were interpreted as follows : 


the - 

sel r. (NH.20OH) 

¥ 

st’s § C-CO,H @») ay CO-CO,.H _ C(CO,H)-~\,, 
‘ ——> CHM 2 > CM 2 O 
line (Met COLH is) © SCHBrCO,H cheat) © <CHBACO”™ 

ain ff (VIII, m, p. 200°) (XXXII, m. p. 138—139°) (XX XIII, m. p. 171°) 


____-s cyeeC(COH) 
> CM : 
= a a *<cH-cO™ " 


(XXXIV, m. p. 144°) 


nee 
me Now neither the bromo-lactone, m. p. 171,° nor the bromine-free 
hat # lactone, m. p. 144°, both of which are formulated as unsaturated 


substances (X X XTIT and XXXIV), decolorise cold alkaline perman- 
ganate, and indeed, they behave in every way as saturated sub- 
stances. Again, the bromo-acid, m. p. 138—139°, which is repre- 
sented as a keto-glutaric acid (XXXII), does not react with the 
usual reagents for ketones or «-ketonic acids (for example, semi- 
carbazide and o-phenylenediamine). Moreover, it gives no color- 
ation with ferric chloride, as «-ketoglutaric acid does (Ingold, 
T., 1921, 419, 328). Finally the conversion of a lactone of formula 
(XXXIV) into the cyclopropene acid (VIII) by the action of 
hydroxylamine seems too fantastic to be credible. 

Further, it is shown in the present paper that the dibromo-acid, 
mn. p. 244°, to which Feist assigns formula (XX XI), on mere heating 
in the dry state, in the absence of any reagent, gives the bromo- 


lactone, m. p. 171°, which would be impossible if this lactone had 
n* 
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Feist’s formula (XX XIII). Even more difficult of interpretation 
would be the reconversion, also described in this paper, of the same 
lactone into the original dibromo-acid by the action of phosphorus 
pentachloride and bromine. 

Thus there can be no doubt that the dibromo-additive product, 
m. p. 244°, has the unsymmetrical formula (XVII) and is formed by 
the addition of bromine to the labile form of the acid (XV). A 
second additive reaction of the labile modification is that which 
results in the formation of the bromo-hydroxy-acid (XXXYV), 
m. p. 139°, by the addition of hypobromous acid. This formula 
(XXXV) is completely in agreement with the composition and 
properties of the substance, and therefore must replace the keto. 
glutaric formula (XX XII) assigned to it by Feist. 

An examination of formula (XX XW) shows that the substance 
represented is both a £- and a y-hydroxy-acid and might con- 
sequently lose water in either of two ways, giving an «$-unsaturated 
acid in one case and a -lactone in the other. If both types of 
dehydration occur, it is to be expected that dehydration resulting 
in the unsaturated acid would take place when lactone formation is 
prevented by the presence of alkalis. The «$-unsaturated acid to 
be expected is the bromo-unsaturated acid (X XI), which for reasons 
given on p. 332 would undergo spontaneous reduction to the original 
cyclopropene acid (m. p. 200°). The cyclopropene acid should 
therefore be the isolable product of the action of dilute alkalis, and 
this is actually the case, the change being complete after a few 
hours at the ordinary temperature or after a few minutes on boiling, 
The y-lactone to be expected (it is also a @-lactone) has formula 
(XXXVI), which accounts for the fact that the lactone actually 
obtained, m. p. 171°, is saturated, and not unsaturated, as Feist 
represented it (formula XXXIII). The formation of the same 
bromo-lactone from the dibromo-acid (XVII) by the thermal 
elimination of hydrogen bromide, and its reconversion into the 
dibromo-acid by treatment with phosphorus pentachloride, bromine, 
and iron, are also reactions which are very simply accounted for by 
means of the formulz now assigned to these substances. 


O 


phate CBr-CO,H 

\}<¢BrCO,H OMe <OBrlO CMe<Oer.60 
CH-CO,H CH-CO,H o——_ 

(XXXYV.) (XXXVI) (XX XVII.) 


CMe(OH 


It will be noted that a second formula (XX XVII) expresses the 
formation and properties of the lactone, m. p. 171°, almost as well 
as the formula (XXXVI). Several circumstances, however, 


tation 
> Sale 
horus 


duct, 
ed by 
). A 
Which 
XV), 
mula 

and 
keto. 


ance 
con- 
ated 
s of 
ting 
n is 
1 to 
ons 
inal 
uld 


few 
ula 
ly 


‘ist 


2al 


le 


ry 


THE CHEMISTRY OF THE GLUTACONIC ACIDS. PART xIv. 343 


indicate formula (XXXVI) as the more likely to be correct. For 
instance, it is well known that the trans-addition of bromine to 
unsaturated acids takes place as a rule much more easily than 
cis-addition. Assuming, therefore, that the bromine atoms in the 
dibromo-acid (XVII) are in the trans-position with respect to one 
another, and assuming also, on the grounds of the small tendency 
towards anhydride formation shown by the acid, that the carboxyl 
groups are also in the trans-position to one another, it follows 
that the lactone (XXXVI) is the only one which can be formed 
without change of configuration. This point will be rendered 
clearer by reference to the space formule (XL) and (XLI) given 
below. 

A number of other circumstances unite in indicating the correct- 
ness of the configurations assigned to these compounds. Thus the 
dibromo-ester (XXXVIII), which is readily prepared either by 
addition of bromine to the cyclopropene ester, or by esterification 
of the dibromo-acid, and which can be hydrolysed to the dibromo- 
acid, is smoothly converted by ‘‘ molecular” potassium to the 
labile cyclopropene ester (XXV). This reaction certainly points to 
the bromine atoms being on opposite sides of the plane of the ring, 
since reactions of this type are usually very difficult to effect. 
Moreover, the space formula shows that although trans-elimination 
of bromine can take place, hydrogen bromide can be eliminated only 
from the cis-position; consequently it is not surprising to find that 
the dibromo-acid is stable towards cold dilute alkalis, and that the 
dibromo-ester is stable towards diethylaniline (Jones, T., 1905, 87, 
1064), although the bromo-hydroxy-acid (XX XV) loses the elements 
of water in contact with dilute alkalis, giving the bromo-unsaturated 
acid (X XI), which becomes spontaneously reduced to the original 
cyclopropene acid, m. p. 200°. This reaction corresponds with the 
cis-elimination of water (formula XLII). On the other hand, if 
the dibromo-acid is treated with sodium amalgam, the «-bromine 
atom becomes replaced by hydrogen, giving the monobromo-acid 
(XXXJX), which is now spontaneously converted by cold alkali 
into the cyclopropene acid, since trans-elimination of hydrogen 
bromide can now take place (formula XLII). 


CBr-CO, Et CH-CO,H x 
(XXXVIIL) CMeB 2 CMeBr< ¢- oft (XX XIX. 
Br b-0, Kt eB bH-CO,H 


Thus the relative stabilities of the dibromo-acid and its more 
immediate derivatives are fully accounted for by the three- 
dimensional models of the formulz which have been assigned to 


them. 
n¥ 2 
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CO,H CO 
Br / N H oy N H 
(XL.) iz Be\ Z BY (XLL) 
Me CO,H Me CO,H 
CO,H CO,H 
(XLIL) ss 86 an Br /)\ H (XLIIL.) 
Me GO,H Me CO,H 


Only one formula is possible for the reduced lactone, m. p. 144° 
(to which Feist assigned formula XXXIV), namely formula (X LIV), 
which also expresses its fully saturated character. As in the case 
of the bromo-lactone, the free hydroxy-acid (XLV) corresponding 
with the reduced lactone is both a 8-hydroxy-acid and a y-hydroxy- 
acid, and therefore might be expected to undergo dehydration in 
alkaline solution to give an «f-unsaturated acid, and in the absence 
of alkalis to give a y-lactone, namely, the reduced lactone (XLIV). 
Actually, both these reactions occur. The free hydroxy-acid cannot 
be isolated, but its existence in solution is proved by the fact that 
on titrating a solution of the lactonic acid (XLIV) with ammonia, 
one equivalent is taken up in the cold and a second on warming. 
If, however, the attempt is made to isolate the acid by extraction 
with ether after acidification, it undergoes dehydration after the 
manner of a y-hydroxy-acid, and only the lactone (XLIV) is 
obtained. On the other hand, if the solution is left for some hours 
in contact with a sufficient excess of alkali to prevent lactone 
formation, dehydration of the other type takes place and the original 
cyclopropene acid is obtained : 


nn, alkali a 
bMec CH-CO oe CMe(OH)<GHCOzH cake) xry,) 
CH-CO.H (acid) CH:-CO,H 
(XLIV.) (XLV.) 


This is the explanation of Feist’s supposed conversion of the 
lactone (XXXIV) into the original cyclopropene acid by means of 
hydroxylamine. We have confirmed Feist’s observation that the 
lactone, m. p. 144°, yields the cyclopropene acid, m. p. 200°, when 
left in contact with hydroxylamine hydrochloride and excess of 
sodium carbonate; but the real reagent is the excess of alkali, and 
Feist overlooked the fact that the reaction takes place just as well 
if the hydroxylamine hydrochloride is omitted. 
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These somewhat complex relationships are summarised for 
convenience in tabular form : 


TABLE [ 
» ZA *CO,H A , 
nec (BrCOsH wT Ome Co,H — CMe(OH)< HCO: 
“"S0-CO,H (Labile form of UH-CO,H 
| acid, m. p. 200°) .¥\ @ aN 
. WN, 
/ ON? 
f rsa 7 
| / / CMe<f'COzEt 
(Br) CH-CO,Et 
(Labile ester, 
b. p. 155°/20 mm.) 
(alkaii) o ' f 
§ CMeBr< GBrCOzH 
& UB-CO,8 (Br,) | | @& 
(M. p. 244°) ENG (alkali) | | (acid) 
Y “ ‘. POR 
fa) Y 
ao 9g : 
|e || 
CBr:CO,Et 
‘ CMeBr< | 2 
CMeBr< GH CO2H | | "SH.00, Et 
CH:CO,H | (B. p. 170°/5 mm.) 
(heat) (PCl,;+Br,) 
y / Y 
CBrCO,H GD Ye ae 
Me(OH)< tro La CMe<QBrCO — Tzcation (Mec GH:CO 
2n* (acid) CH:CO,H CH-CO,H 
(M.p. 139°) (M. p. 171°) (M. p. 144°) 


Thus the inter-relationships of ail these substances can be inter- 
preted along well-recognised lines if formula (XVII) be assigned to 
the dibromo-acid, m. p. 244°. It follows that the addition of 
bromine, and also of hypobromous acid, to the cyclopropene acid 
takes place through the labile modification (XV). In this respect 
also, therefore, the acid resembles glutaconic acid, which yields 
28-dibromoglutaric acid on treatment with bromine (Verkade and 
Coops, Rec. trav. chim., 1920, 39, 586). 

Another additive reaction of the labile form is that which leads 
to the formation of the acid (XLVI) and the esters (XLVII) and 
(XLVIII), when the ethyl and methyl cyclopropene esters are 
treated with concentrated ethyl alcoholic sodium ethoxide and 
methyl alcoholic sodium methoxide, respectively. 
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CH-CO,H H-CO,H 
XLVI) (Me( 2 2 (XLVI. 
( o(OEH)< Tr my CMe( (OMe) < UE ein ol ) 


H-CO,Me 
_ OMe(OM ‘ Me cxryit.) 
o(OMe)< fr. -CO,Me 
The position of the alkyloxy-group in these compounds is proved 
by the fact that they yield 6-methylglutaconic acid on reduction by 
hydriodic acid, the reaction taking place by way of the cyclopropene 
acid. 
Further evidence of the existence of the labile acid is obtained on 
oxidation in alkaline solution by permanganate, when seven atoms 
of oxygen are taken up and malonic acid is produced : 


©(OH)-CO,H _ 0-CO,H 
(XV.) —> CMe(OH 2 
ns <r -CO,H COMe-CH-CO,H 
OH _., 00,H 
CO,H-CH-CO,H ~~ CH,*CO,H 


It may be noted in passing that an acid of the formula (VIII), 
assigned by Feist to the cyclopropene acid, m. p. 200°, should on 
oxidation yield, not malonic acid, but methylmalonic acid, which, 
actually, is not produced : 


(OH)-CO,H 0-CO,H 
(VIL) —> CHMe< —> CHMe<¥ > 
mend CO,H © ho. -CO,H 

0,H 


CHMe CO, H 


It is plain, therefore, that in this cyclopropene acid, as well as in 
all mobile glutaconic acids, we meet with certain of the properties 
of the labile modification, in addition to the semi-aromatic character 
manifested by the remarkable stability discussed in the earlier pages 
of this paper. On the whole, the acid may be said to be a typical 
mobile glutaconic acid, but in how far cyclic three-carbon tautomeric 
systems will in general be found to conform to the conception of the 
semi-aromatic state cannot be decided in the absence of additional 
experimental evidence such as we hope shortly to provide. 


Addendum.* 


When this paper was read before the Society, the criticism was 
raised that no definite proof had been furnished showing that one 
of the two forms of the ester (K XIV) which gave no colour with 
ferric chloride had not a structure represented by the extra-cyclic 
double-bonded formula (XLIX) which, it will be noted, is the only 
other possible form unless the hypothesis brought forward in this 


* (Received, January 12th, 1923.] 
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paper is accepted. The criticism seemed to us so apposite that we 
decided to meet it before publication by investigating the action of 
gone on the normal and labile esters (XXIV and XXV), which 
should, if the structures assigned to them are correct, react in the 
form (X XV). 

The products to be expected from the fission by water of the 
monide of an ester of formula (XLIX) are the cyclopropanone ester 
(L) or its degradation products together with formaldehyde and 
possibly formic acid : 

CH-CO,Et _°, dy -CH-CO,Et 

j . 2 t —> CH,:C< H-CO,Et —> 

CH-CO,Et H-CO,Et 


(XLIX.) H-CHO + H,0, + CO< 
(L.) 


(HC< 
CH-CO,Et 
CH-CO,Et 


If, however, either or both of the esters have the formule assigned 
to them by us, they would yield on similar treatment only one 
fission product, namely, the ketonic ester (LI) : 


OC0,Et 
Hi — — ) 
Meh ry pi 4 O ° ba tas 00-CO,Et 
‘ , OMe tee" —> COMe-CH-CO,Et 
> CH-CO,Et 
(Mec f'CO2Et “saa (LI.) 
CH-CO,Et 


Actually no formaldehyde could be detected on hydrolysing the 
ozonides of either the normal or labile ester, whilst the sole product 


was ethyl acetyloxaloacetate (LI) (Nef, Annalen, 1893, 276, 221), 


which was identified by its boiling point and by analysis and 
by converting it into the crystalline 6-ethyl diketosuccinate phenyl- 
hydrazone (LII) through the agency of benzenediazonium chloride 
(Rabischong, Bull. Soc. chim., 1904, [iii], 31, 93), a specimen of 
the phenylhydrazone being synthesized for direct comparison : 


CO-CO,Et _, C0-CO,Et qr) 
COMe-CH-CO,Et PhNH-N:C-CO,Et 


EXPERIMENTAL. 
(A)—3-Methyl-A?-cyclopropene-1 : 2-dicarboxylic Acid. 


The cyclopropene acid required for this investigation was prepared 
by a method essentially the same as that described in the literature, 
namely, the following series of reactions: ethyl acetoacetate —> 


ethyl isodehydracetate —> ethyl bromoisodehydracetate —> 
methyleyclopropenedicarboxylic acid (Duisberg, Annalen, 1882, 


a 
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213, 133; Ber., 1882, 15, 1387; Hantzsch, Annalen, 1883, 222, |. 
Polonowska, Ber., 1886, 19, 2402; Anschiitz, Bendix, and Ker, 
Annalen, 1890, 259, 148; Genvresse, Ann. Chim. Phys., 1891, [vi} 
24, 88; Hantzsch, Ber., 1892, 25, 1310; Feist, Ber., 1893, 26, 
767; Annalen, 1906, 345, 60). However, in view of the fact that 
a large amount of this acid was required, the details of each stage 
in the above series of reactions were carefully studied, and the 
process so considerably improved that the preparation of large 
quantities is now an easy matter, 1 kilo. being obtainable from only 
6 kilos. of ethyl acetoacetate. 

Ethyl isoDehydracetate—Ethyl acetoacetate (1500 grams) was 
cooled in an efficient freezing mixture and treated for eight hours 
with a rapid stream of dry hydrogen chloride. The liquid was kept 
in the dark and protected from moisture for a week, and then again 
cooled and saturated with hydrogen chloride as before. At the end 
of a further week, the liquid was shaken with 3 litres of water and 
then with 750 c.c. of a N-solution of sodium carbonate. The 
aqueous washings were evaporated to small bulk and the residue 
dried in an evacuated desiccator over potassium hydroxide; the 
sodium carbonate washings were acidified with hydrochloric acid 
and extracted with ether. This extract, together with the residue 
from the aqueous washings and 500 c.c. of ether, was added to the 
main bulk of the oil, which was then dried with anhydrous sodium 
sulphate, and after removing the ether, distilled under reduced 
pressure, the fraction, b. p. 160—190°/20 mm., being collected for 
bromination (see below). The yield was 700 grams, that is, 63 per 
cent. of the theoretical. 

Ethyl Bromoisodehydracetate——Ethyl isodehydracetate (500 
grams), dissolved in one litre of chloroform, was cooled in ice, 
and 150 c.c. of dry bromine were added from a dropping funnel, the 
flask being shaken occasionally. After leaving over-night, the 
hydrobromic acid was removed on the steam-bath, and the cooled 
solution diluted with 1 litre of ether, and washed with water and 
sodium carbonate solution. After drying with calcium chloride, 
the solvents were distilled off, and the residue, which solidified to a 
hard cake, crystallised from a small amount of 95 per cent. alcohol, 
and thus obtained as large, pale yellow, monoclinic crystals, m. p. 
87°. The yield was 600 grams, that is, 83 per cent. of the 

theoretical. 

3-Methyl-A*-cyclopropene-1 : 2-dicarborylic Acid (XIV).—A 28 
per cent. solution of potassium hydroxide (275 c.c.) was boiled in a 
1500 c.c. flask and 50 grams of fused ethyl bromooisodehydracetate 
were rapidly added, the flask being inclined at an angle of 40° to 
prevent loss during the violent evolution of aleohol which occurred 
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about one minute after the addition. Boiling was continued for 
thirty minutes. When cool, the solution was cautiously neutralised 
with a mixture of 45 c.c. of sulphuric acid and 45 c.c. of water, and 
the acid solution, together with precipitated potassium sulphate, 
repeatedly extracted with ether, the aqueous solution being finally 
evaporated almost to dryness and again extracted. The dried 
ethereal extracts on evaporation left a semi-solid residue, which 
was freed from alcohol and acetic acid in an evacuated desiccator 
containing potassium hydroxide. The darkly coloured solid was 
dissolved in water and the solution boiled with 1 gram of freshly 
ignited animal charcoal for five hours, after which the liquid was 
filtered while hot, and evaporated to dryness. The crude acid, after 
being dried on porous plates, was either recrystallised from ethyl 
acetate, or if required for the preparation of its esters, directly 
esterified. ‘The yield was 15-5 grams, that is, 60 per cent. of the 
theoretical. 

The acid may be obtained in a pure condition by crystallisation , 
from xylene, from which it separates in small needles; or it may 
be sublimed, and thus obtained in long needles. The melting point 
is 200° in all cases, and there is evolution of gas at 220°. Specimens 
of the acid from which the last traces of certain impurities have not 
been removed decompose at the melting point. 

The individuality of this acid has been discussed on p. 339 e¢ seq., 
and nothing further need be added here. Its formation by hydrolysis 
of its normal, labile, and enol esters, by reduction of its dibromo- 
additive product, by the action of alkalis on its hypobromous acid 
additive product, and by the action of alkalis on the lactone of 
3-hydroxy-3-methylcyclopropane-1 : 2-dicarboxylic acid is described 
on pp. 352—359. Contrary to the statement of Feist, the acid 
appears to have no tendency to yield an anhydride when boiled with 
acetyl chloride or acetic anhydride. Indeed it would not be ex- 
pected that an acid which sublimes without decomposition would 
form an anhydride easily. There is, however, evidence of the 
formation of a hydroxy-anhydride when the acid is heated at 220° 
in closed tubes with acetic anhydride. 

The acid (15 grams) was treated with 150 c.c. of acetic anhydride 
at 220° for five hours. On removing the excess of acetic anhydride 
by distillation, and extracting the residue with benzene, a liquid was 
obtained which boiled at 185-190°/20 mm., and had all the properties 
of the expected hydroxy-anhydride. Thus it gave an alkali salt, 
and a coloured iron salt, and yielded the original acid on rehydration. 
The specimen was insufficient for redistillation and could not be 
completely purified, but we hope in the near future to effect an 
improvement on this wasteful method of preparation, and then to 
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study the process of rehydration (especially in the presence of casein) 
in greater detail. 


(B)—The Normal, Labile, and Enol Esters of 3-Methyl-A?-cyclo- 
propene-1 : 2-dicarboxylic Acid. 

The Three Ethyl Esters: Formation by Direct Esterification — 
When the acid, m. p. 200°, was esterified with ethyl alcohol and 
sulphuric acid, the product consisted of a mixture of the three 
isomeric forms of the diethyl ester. Most of the normal ester, 
which was present to the extent of 95 per cent. of the whole, 
crystallised at the ordinary temperature, and the remainder was 
deposited practically completely when the liquid residue was cooled 
to —40°. It was collected on a well-cooled filter, and drained on 
porous porcelain until it no longer imparted a yellow colour to 40 
per cent. aqueous potassium hydroxide at 40° (proof of the absence 
of the labile and enol-esters), and had the correct melting point 


. (38—39°). 


The filtrate from the normal ester was dissolved in ether and 
extracted at the ordinary temperature with 10 per cent. potassium 
hydroxide to remove the enol-ester. On drying and evaporating 
the ether, a residue was obtained which consisted of the pure labile 
modification, since it boiled constantly at 155°/20 mm. (see below), 
and gave an immediate colour with 40 per cent. potassium hydroxide 
at 40°, but gave no immediate colour with cold 10 per cent. potassium 
hydroxide or with ferric chloride. The amount obtained was 4—5 
per cent. of the total esters. 

The alkaline extract was cautiously neutralised, and the precipi- 
tated ester extracted with ether. The residue which was left on 
drying and evaporating the ether consisted of a small qualitative 
trace of the enol-ester. It gave an immediate, intense red colour 
with ferric chloride, and was immediately, and completely soluble 
in cold 10 per cent. potassium hydroxide. * 

Normal Ethyl 3-Methyl-A?-cyclopropene-1 : 2-dicarboxylate (XXIV). 
—This ester may be prepared in several ways : 

(1) By direct esterification of the acid with ethyl alcohol, which 
gives the normal ester to the extent of about 95 per cent. (Jones, 
T., 1905, 87, 1064). 

(2) By digesting the silver salt of the acid with ethyl iodide, 
which gives the normal ethy] ester only. 

(3) By heating either the labile or enol ester in ethyl alcoholic 
solution containing sulphuric acid. 

(4) By keeping either the labile or enol ester at the ordinary 
temperatures for one to two years, when the normal ester only is 
obtained. 


ein) 
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(5) By treating either the labile or enol ester with sodium ethoxide 
for two days at 60°; conversion into the normal ester then takes 
place to the extent of 40 per cent. 

Method (1) is described on p. 350, method (4) on p. 354, and 

method (5) on p. 354; the details of methods (2) and (3) are as 
flows. The silver salt, prepared from a neutral solution of the 
ammonium salt, was washed and dried (it is not affected by daylight), 
and then shaken with an ethereal solution of the theoretical quantity 
of ethyl iodide. On filtering and evaporating the solution, the 
pure normal ester was obtained in large, rhombic crystals, which 
melted at 38—39°, giving a colourless liquid which boiled con- 
stantly at 135°/20 mm., without decomposition or conversion into 
its isomerides. 

The normal ester crystallises very slowly from specimens of the 
labile ester which have been seeded with the normal ester at 0° 
and then preserved at the ordinary temperature in the absence of 
solvents. It is estimated that about two years would be required 
for the completion of the interchange, although a specimen has 
not yet been preserved long enough to verify this. Since the enol- 
ester passes into the labile ester in the course of one day at the 
ordinary temperature, similar results are obtained when the labile 
ester is replaced by the enol-ester in the above experiment. 

The normal ester may be separated from mixtures with its labile 
isomeride in three ways : 

(1) By freezing out at —40°. This is described on p. 350. 

(2) By fractional distillation under reduced pressure. The 
labile ester boils at a temperature 20° higher than the boiling point 
of the normal ester at 20 mm., and therefore the two can be separated 
almost quantitatively by distillation, if reasonably large quantities 
are employed. 

(3) By means of dilute sodium ethoxide. Cold dilute sodium 
ethoxide does not convert the normal ester into its isomerides at 
any appreciable speed, but it at once reacts with the labile ester, 
yielding the sodium compound of the enol-ester. If the product is 
now poured into water and extracted with ether, the normal ester 
is recovered in the pure condition, whilst the labile ester can be 
obtained by adding to the aqueous solution an excess of mineral 
acid, which quickly converts the liberated enol-ester back into the 
labile form. This separation is quantitative. 

The normal ester is separated quantitatively from mixtures with 
the enol-ester by shaking with 10 per cent. aqueous potassium 
hydroxide, which dissolves the latter. 

The normal ester is converted into the labile ester by distillation 
under atmospheric pressure (p. 352). It is converted to the extent 


352 GOSS, INGOLD, AND THORPE: 


of about 60 per cent. by concentrated alcoholic sodium ethoxide at 
60° into the sodium salt of the enol-ester, from which either the 
free enol-ester or the labile ester can be obtained at will (p. 354), 
Finally, the normal ester is converted, to the extent of 5 per cent., 
into the labile ester by heating with alcohol and sulphuric acid 
(p. 354). 

The ester yields the parent cyclopropene acid on hydrolysis either 
with hydrochloric acid or with dilute or concentrated potassium 
hydroxide. It takes up bromine fairly readily, and discharges the 
colour from an alkaline solution of permanganate. 

Labile Ethyl 3-Methyl-A?-cyclopropene-1 : 2-dicarboxylate (XXY), 
—This modification may be obtained in four ways : 

(1) By esterification of the acid, which yields the labile ester to 
the extent of 5 per cent. (p. 350). 

(2) From the normal ester by heating with alcohol and sulphuric 
acid (p. 354). 

(3) From the normal ester by distillation under atmospheric 
pressure. 

(4) From the enol-ester by keeping, by acid catalysis at the 
ordinary temperature, or by heating. 

The distillation of the normal ester at 236°/758 mm. constitutes 
the best method of obtaining the labile ester in quantity, although 
the yield is reduced by about 40 per cent., by reason of the fact 
that a certain amount of the material is simultaneously converted 
into a non-volatile polymeride, which has not yet been investigated. 
The distillate, when freshly collected, contains a more or less con- 
siderable quantity of the enol-ester, as may be shown by the fact 
that it gives an immediate colour with ferric chloride, and also by 
the fact that a portion of it is soluble in cold 10 per cent. aqueous 
potassium hydroxide. The pure labile ester may be obtained either 
by extracting the enol-ester with dilute alkali, or by merely keeping 
the distillate for twenty-four hours, by which time the enol-ester 
has reverted practically completely to the labile ester. 

The enol-ester (p. 353) passes into the labile ester in the course of 
one day at the ordinary temperature in the absence of deliberately 
added catalysts, in about half an hour at the ordinary temperature 
in the presence of acetic acid, and in about two minutes in the 
presence of hydrochloric acid. At higher temperatures, these 
changes are correspondingly more rapid. On distillation at 
155°/20 mm., the enol-ester yields a mixture of the labile ester and 
some unchanged enol-ester, the quantity depending on the conditions 
of the condensation. 

The separation of the labile ester from mixtures with the normal 
ester has been described on p. 351. It is separated from the enol- 
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ester by extracting the latter with dilute alkalis, the process being 

quantitative, if cold 10 per cent. potassium hydroxide is employed. 
The labile ester may be converted into the normal ester by keeping 
at the ordinary temperature for 6ne to two years (p. 351), te’the 
extent of 40 per cent., by heating with concentrated alcoholic 
sodium ethoxide (p. 354), and to the extent of 95 per cent. by 
heating with ethyl alcohol and sulphuric acid. It may be quantit- 
atively converted into the enol-ester by way of the sodio-derivative, 
which is produced in the presence of cold dilute alcoholic sodium 
ethoxide, and partly converted into the enol-ester by distillation 
under 20 mm. pressure. The quantity of enol-ester formed in this 
way depends on the rapidity of condensation, and on the com- 
pleteness with which catalysts are eliminated, and experiments are 
now in progress by means of which it is hoped so far to improve the 
technique of the operation as to obtain complete conversions by 
“aseptic ”’ distillation. 

The labile ester becomes very viscous at —40°, but shows no 
tendency to crystallise; it boils, under ‘‘ non-aseptic ’’ conditions, 
constantly at 155°/20 mm. It immediately decolorises cold alkaline 
permanganate, and rapidly absorbs bromine. On hydrolysis with 
hydrochloric acid, dilute or concentrated potassium hydroxide, or 
potassium hydroxide in the presence of casein, it gives the normal 
acid, m. p. 200° (Found: C = 60-5; H=7-1. C,9H,,0, requires 
C= 60-6; H = 7:1 per cent.). 

Enolic Ethyl 3-Methyl-A?-cyclopropenc-1 : 2-dicarboxylate (X XVI). 
—This ester may be prepared in the following ways : 

(1) In small amount, by direct esterification of the acid (p. 350). 

(2) In small amount, by heating either of the other esters with 
alcohol and sulphuric acid (p. 354). 

(3) In small amount, by distillation of the normal ester under 
atmospheric pressure (p. 352), or by distillation of the labile ester 
under reduced pressure (p. 353), the separation being effected with 
the aid of dilute alkalis as in (1). 

(4) To the extent of about 60 per cent. by the action of hot 
concentrated sodium ethoxide on the normal ester (p. 354). 

(5) Quantitatively, by the action of cold dilute sodium ethoxide 
on the labile ester. 

When the labile ester was added to the theoretical quantity of 
cold dilute alcoholic sodium ethoxide, an intense orange colour was 
immediately developed and a considerable amount of heat was 
evolved. The solution was kept for ten minutes, poured into water, 
and cautiously treated with a slight deficit of dilute hydrochloric 

acid. The precipitated ester was extracted with pure ether, washed 
with dilute sodium hydrogen carbonate and with water, and then 
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recovered by drying and evaporating the ether. It was completely 
soluble in 10 per cent. aqueous potassium hydroxide and gave an 
immediate, intense crimson colour with ferric chloride. 

This ester can be quantitatively separated from mixtures with the 
normal and labile esters by extraction with cold 10 per cent. 
potassium hydroxide. The various ways in which the enol-ester 
can be converted into the labile ester are enumerated on p. 352, and 
its transformation by way of the labile ester into the normal ester 
by keeping, and by the action of hot concentrated sodium ethoxide, 
is noted on pp. 351 and 354 (below). 

The enol-ester rapidly decolorises alkaline permanganate and 
bromine. On hydrolysis with alkalis, either with or without the 
addition of casein, it yields the normal acid, m. p. 200°. The sodium 
and potassium derivatives are obtained by interaction of the labile 
or enol ester and sodium or potassium ethoxide, but they are 
resinous and cannot be crystallised. They show no tendency to 
react with ethyl sodiocyanoacetate and do not give rise to alkyl 
derivatives when boiled in alcoholic solution with alkyl iodides. 

Equilibration of the Three Esters in Alcoholic Solution.—Each of 
the three isomeric esters, when heated at 100° in ethyl alcohol 
containing sulphuric acid, the conditions being similar to those 
used in esterifying the acid (p. 350), was converted into a mixture 
of the normal, labile and enol-esters, which were separated by the 
methods previously described. The proportions were the same as 
in the esterification of the acid. 

Equilibration of the Esters in the Presence of Sodium Ethoxide— 
A series of experiments, made with the object of examining the 
nature and speed of adjustment of the equilibrium which is estab- 
lished when any one of the three esters is treated with an equivalent 
of alcoholic sodium ethoxide, has led to the conclusion that after a 
period of two days at 60° equilibration is complete, and that in this 
state the two intermediate members of the series normal ester = 
labile ester => enol-ester == sodium derivative are almost 
entirely absent, the mixture consisting of about 40 per cent. of the 
normal ester and 60 per cent. of the sodium compound of the enol- 
ester. A small amount of the material, however, undergoes a side 
reaction leading to the ethoxy-acid mentioned below (section F). 

In each of the experiments, the results of which are shown in the 
following table, 10 grams of a pure ester were treated with one 
equivalent of alcoholic sodium ethoxide under the conditions 
named, and the product separated by pouring into water, extracting 
the normal ester with ether, and then decomposing the sodium 
compound by neutralising the aqueous liquid with hydrochloric 
acid. The enol-ester was then extracted and separated from the 


oil 
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small amount of ethoxy-acid by means of dilute sodium hydrogen 
carbonate. The total amount of recovered material was usually 
9 grams or a little less. 


From normal ester. From labile or enol-ester. 
Normal Enol- Ethoxy- Normal Enol- Ethoxy- 
ester. ester. acid. ester. ester. acid. 
Conditions. (gms.) (gms.) (gms.) (gms.) (gms.) (gms,) 
10 minutes at 25°... 9 0 0-0 0 9 0-0 
1 hour at 60°......... 6 2 0-2 1 8 0-0 
48 hours at 60° ...... 3 5 0-6 3 5 0-6 


The Three Methyl Esters——The cyclopropene acid forms three 
isomeric methyl esters, which are precisely analogous to the three 
ethyl esters just described. 

Normal Methyl 3-Methyl-A?-cyclopropene-1 : 2-dicarboxylate.— 
This ester can be obtained by methods analogous to the first four 
of the five methods given on p. 351, for the preparation of the 
normal ethyl ester. It can be separated from the labile and enol 
methyl esters by the methods used for the separation of the normal 
ethyl ester from its isomerides. Jt crystallises in needles, m. p. 
33—34°, boils at 122°/20 mm., and at 782 mm. distils with very 
little polymerisation, giving the pure labile ester. It reacts with 
hot methyl alcoholic sodium methoxide, giving the methoxy-esters 
described in section G, and in other respects, for instance towards 
permanganate, bromine, and hydrolysing agents, behaves similarly 
to the normal ethyl ester. 

Labile Methyl 3-Methyl-A?-cyclopropene-1 : 2-dicarboxylate.—This 
ester is prepared, and is separated from, and converted into its 
isomerides exactly like the labile ester in the ethyl series, excepting 
as regards its reaction with sodium methoxide, which is described 
in section G. Under “‘ non-aseptic ”’ conditions it boils constantly 
at 135°/20 mm. 

Enol Methyl 3-Methyl-A?-cyclopropene-1 : 2-dicarboxylaie.—This is 
obtained by methods analogous to methods (1) (2) (3) and (5) (p. 353) 
for the preparation of the enol ethyl ester, to which it is similar in all 
respects, excepting the reactions described in section G. 


(C) The Action of Ozone on the Normal and Labile Esters of 3-Methyl- 

A2-cyclopropene-1 : 2-dicarboxylic Acid. Ethyl Acetyloxaloacetate 

(LI). 

The Normal Ester.—The solid ester (5 grams), dissolved in 10 c.c. 
of chloroform, was subjected to a strong current of ozone over a 
period of six hours. The solvent on evaporation left a colourless 
oil (yield theoretical) (Found : C = 49-6; H = 6-3. Cy, 9H,,0, requires 
C = 48-8; H = 5:7 per cent.), which was warmed for two hours with 
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end of which was fitted a bubbler containing Schiffo’s reagent to 
detect any formaldehyde which might be formed. However, the 
reagent developed no colour nor, on testing the aqueous solution, 
could the presence of formaldehyde be detected. 


The solution was extracted with ether and the pale yellow oil so . 


obtained was distilled (yield 3 grams) and identified as ethyl acetyl- 
oxaloacetate by analysis (Found: C=51:8; H=62. Calc., 
C = 52-1; H = 6-2 per cent.), by its ferric chloride reaction, its 
solubility in aqueous alkali, and by treatment with an acid 
solution of benzenediazonium chloride (Rabischong, Bull. Soc. chim., 
1904, [iii], 341, 93), which gave f-ethyl diketosuccinate phenyl- 
hydrazone (LII) as yellowish-red needles, m. p. 72—73°, which were 
identified by direct comparison and the method of mixed melting 
points with an authentic specimen prepared from ethyl oxaloacetate 
(ibid., p. 78). 

The Labile Ester —Experiments were carried out with the labile 
ester under conditions identical with those employed with the 
normal ester, excepting that it was found necessary to pass ozone 
for a longer period. No formaldehyde could be detected and the 
products obtained were identical with those given above. 


(D) Reduction of 3-Methyl-A2-cyclopropene-1 : 2-dicarboxylic Acid : 
Formation of Normal and Labile 8-Methylglutaconic Acids. 


(i) Action of Sodium Amalgam.—Many attempts were made to 
reduce the cyclopropene acid by means of 4 per cent. sodium amalgam, 
both at the ordinary temperature and in boiling solution, under 
different conditions of alkalinity or acidity. In no case was any 
evidence of reduction obtained, the acid being invariably recovered 
unchanged. 

(ii) Action of Hydriodic Acid.—The cyclopropene acid can be 
reduced by hydriodic acid, but only under energetic conditions, as 
the following typical experiments show. 

(a) The cyclopropene acid (2 grams) was boiled under reflux with 
10 c.c. of hydriodic acid (d 1-7) for one hour, and the product diluted 
with water and extracted with ether. The extract was decolorised 
by means of potassium hydrogen sulphite solution, dried, and 
evaporated, when the cyclopropene acid was recovered unchanged. 

(6) The preceding experiment was repeated with the modification 
that 2 grams of red phosphorus were added before boiling. The 
result was the same. 

(c) The conditions of experiment (a) were reproduced, excepting 
that the heating was continued for five hours. The product, 
isolated in the same manner and purified by crystallisation from 


50 c.c. of water in a flask fitted with a ground-in condenser at the 
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xylene, melted at 115°, and did not depress the melting point of an 
authentic specimen of labile 6-methylglutaconic acid, with which 
direct comparison showed its identity (Found : C = 50-1; H = 5-7. 
Calc., C = 50-0; H = 5-6 per cent.). 

(d) The conditions of experiment (b) were reproduced, excepting 
that the mixture was heated at 180° in a sealed tube for six hours. 
The reduction product, isolated as before and fractionally crystallised 
from xylene, yielded two acids. That present in larger amount 
melted at 149° and had all the properties of normal $-methy]l- 
glutaconic acid, with which it was identified by direct comparison. 
The other acid melted at 115° and was identified as labile 8-methyl- 
glutaconicacid. No trace of 3-methylcyclopropane-1 : 2-dicarboxytic 
acid, or of glutaric acid, could be isolated. 


(E) Addition of Bromine to the cycloPropane Acid and its 
Esters. 

2 : 3-Dibromo-3-methyleyclopropane-1 : 2-dicarboxylic Acid (XVII). 
—It is unnecessary to heat the cyclopropene acid with excess of 
bromine in a sealed tube in order to obtain this substance (Feist, 
loc. cit.). The acid (5 grams) was dissolved in 300 c.c. of dry ether 
containing 2-5 c.c. of dry bromine, and the solution, after keeping 
over-night in a closed flask, was shaken with potassium hydrogen 
sulphite, dried, and evaporated. ‘The residue consisted of the pure 
dibromo-acid, which crystallised from xylene in needles, and from 
water in plates, m. p. 244° (decomp.). The acid may also be pre- 
pared (p. 358) from its ethyl ester, and from the bromo-lactone 
mentioned below. 

The acid could not be converted into an anhydride by boiling 
with acetyl chloride, which indicates that the carboxyl groups are 
in the trans-position with respect to each other. It could not be 
converted into the anhydride of the cis-modification, because on 
sublimation, and on heating in a sealed tube with acetic anhydride, 
it lost hydrogen bromide, yielding the lactone of 2-bromo-3-hydroxy- 
3-methylcyclopropane-1 : 2-dicarboxylic acid (p. 358). The acid is 
stable towards boiling hydrochloric acid or cold alkali hydroxides, 
but boiling alkali hydroxides convert it into a syrupy product, from 
which no pure substance has up to the present been obtained. 

Reduction of the Dibromo-acid.—This was carried out using 
sodium amalgam as described by Feist (loc. cit.). The product 
melted at 189—190°, both in the crude state and after crystallisation 
from water, but two crystallisations from xylene brought the m. p. 
to 200°. <A direct comparison on the lines indicated on p. 340 
showed that the substance was 3-methylcyclopropene-l : 2-di- 
garboxylic acid, and this conclusion was confirmed by a microscopic 
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examination of the calcium salt and by the preparation of the normal 
ethyl ester and the dibromo-acid. 

Ethyl 2 :3-Dibromo -3 - methyleyclopropane - 1 : 2 - dicarboxylate 
(XXX VIIT).—This ester was prepared by the action of bromine 
on the cyclopropene ester as described by Jones (loc. cit.), and also 
by directly esterifying the dibromo-acid with ethyl alcohol and 
sulphuric acid. It was obtained as a colourless oil, b. p. 170°/5 mm., 
the yield being 80 per cent. of the theoretical. The decomposition 
observed by Jones, who distilled under 30 mm., does not occur at 
pressures below 15 mm. 

On hydrolysis by boiling with hydrochloric acid, this ester is 
converted into the dibromo-acid, m. p. 244°. 

Reduction of the Dibromo-ester.—Seven grams of the ester were 
gradually added to a suspension of 1-6 grams of finely divided 
potassium in xylene, the mixture being cooled meanwhile, as much 
heat was evolved. After filtering, the solution was distilled under 
reduced pressure, when an almost quantitative yield of the labile 
modification of the cyclopropene ethyl ester was obtained. 


(F) Addition of Hypobromous Acid to the cycloPropene Acid. 

2-Bromo-3-hydroxy-3-methylcyclopropane-1 : 2-dicarboxylic Acid 
(XX XV).—This acid was prepared, following the directions given 
by Feist (loc. cit.), by the action of bromine water on the cyclo- 
propene acid. After crystallisation from ether, it melted at 138— 
139°. It does not give a colour with ferric chloride and does not 
react with semicarbazide acetate or o-phenylenediamine. On 
sublimation, or evaporation in acid solution, it is converted into the 
lactone mentioned below, and on treatment with alkalis undergoes 
spontaneous reduction to the cyclopropene acid, m. p. 200°. 

Spontaneous Reduction in Alkaline Solution.—(a) Five grams of 
the bromo-hydroxy-acid were dissolved in 200 c.c. of 10 per cent. 
aqueous potassium hydroxide, and the solution was left at the 
ordinary temperature until the next day, when it was acidified with 
hydrochloric acid and extracted with ether. The acid isolated in 
this way melted at 200° after crystallisation from xylene, and was 
identified as the original cyclopropene acid. 

(6) The same result was obtained when the solution in 10 per 
cent. potassium hydroxide was boiled one hour and then acidified 
and extracted with ether. 

In either experiment, the bromo-hydroxy-acid may be replaced 
by its lactone (below), without altering the result. 

Lactonic Acid of 2-Bromo-3-hydroxy-3-methyleyclopropane-| : 2- 
dicarboxylic Acid (XXXVI).—This substance may be prepared in 
three ways : 
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(a) By subliming the free hydroxy-acid (Feist, loc. cit.), or by 
evaporating it in acid solution. 

(b) By heating the dibromo-acid, m. p. 244°, when hydrogen 
bromide is eliminated, and a sublimate of the bromo-lactone is 
obtained. 

(c) By prolonged boiling of the dibromo-acid with water and 
subsequent evaporation. ' 

It crystallises from xylene in short needles, m. p. 171°, andsublimes 
in glistening plates. It does not decolorise alkaline permanganate, 
but alkalis convert it into the hydroxy-bromo-acid and thence into 
the cyclopropene acid (above), and sodium amalgam reduces it to 
the lactone having formula (XLIV). Phosphorus pentachloride and 
bromine convert it into the chloride of the dibromo-acid, m. p. 244°. 

Bromination by Phosphorus Pentachloride and Bromine.—The 
lactonic acid (2-5 grams) was heated with the same weight of 
phosphorus pentachloride until the reaction was finished, when a 
small amount of iron and 2 c.c. of bromine were added and the 
mixture was gently heated on the steam-bath for sixteen hours. 
The excess of bromine was then removed in a current of air and the 
residue poured into ethyl alcohol. The neutral esters were isolated 
by adding water and extracting with ether in the usual way, and 
hydrolysed by boiling with 20 per cent. hydrochloric acid, from which 
the dibromo-acid, m. p. 244°, crystallised on cooling. 

Lactonic Acid of 3-Hydroxy-3-methyleyclopropane-1 : 2-dicarboxylic 
Acid (XLIV).—This substance, which has been described by Feist 
(loc. cit), is best obtained by dissolving the bromo-lactonic acid in 
water and gradually adding an excess of 4 per cent. sodium amalgam 
while a rapid stream of carbon dioxide is passed and the temperature 
maintained at 50—60°. After cooling, the solution is acidified and 
extracted with a large amount of ether. The lactonic acid crystal- 
lises from xylene in minute needles, m. p. 144° (Found : C = 50-7; 
H=4-5. Calce., C= 50:7; H = 4-2 per cent.), and sublimes with 
slight decomposition. 

The free hydroxy-acid corresponding with this lactone cannot be 
isolated, although its salts are obtained by the action of alkalis on 
the lactonic acid; the free hydroxy-acid is, however, very easily 
dehydrated by excess of alkalis, giving the cyclopropene acid (below). 
Solutions of the lactonic acid in cold sodium hydrogen carbonate do 
not decolorise permanganate. 

Conversion into the cycloPropene Acid.—The lactonic acid (0-5 
gram), dissolved in 20 c.c. of cold 10 per cent. aqueous sodium 
hydroxide, yielded, on subsequent acidification and extraction with 
ether, the cyclopropene acid, m. p. 200°. The addition of hydroxyl- 
amine hydrochloride (Feist, loc. cit.) had no effect on this result. 
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(G) Addition of Methyl Alcohol and Ethyl Alcohol to the 
cycloPropene Esters. 


Methyl 3-Methory-3-methyleyclopropane -1 : 2 - dicarboxylate 
(XLVIII).—Nine grams of normal methyl methylcyclopropene. 
dicarboxylate were added to a cooled solution of sodium methoxide, 
prepared from 2 grams of sodium and 30 c.c. of methyl alcohol, and 
the mixture was immediately poured into 1 litre of dry ether. On 
filtering from precipitated sodium methoxide, and evaporating the 
ether, a solid residue was obtained, which crystallised from benzene 
in short prisms, m. p. 98° (Found : C = 53-1; H=7-2. C,H,,0, 
requires C = 53-4; H = 7-0 per cent.). The same substance was 
obtained as a by-product in the preparation of the methyl hydrogen 
salt (below). 

Methyl Hydrogen 3-Methoxy-3-methylcyclopropane-1 : 2-dicarb- 
oxylate (XLVII).—The normal cyclopropene ester was added to 
methyl alcoholic sodium methoxide as in the last experiment, and 
the mixture kept at the ordinary temperature for one hour and then 
boiled for two hours. When cool, the solution was poured into 
dilute hydrochloric acid, and the products extracted with ether, 
and separated into neutral and acid fractions in the usual way. 
The neutral extract, on evaporation, gave the above-mentioned 
dimethyl ester, m. p. 98°. The acid extract yielded a solid residue, 
which crystallised from xylene in twined prisms, m. p. 136° (Found: 
C=510; H=6-7. C,H,,0; requires C = 50:8; H = 6-4 per 
cent.). The substance decomposed a few degrees above the m. p., 
but could be sublimed unchanged in needles. Titration showed it to 
be a monobasic acid. ; 

3-Ethoxy-3-Methylcyclopropane-1 : 2-dicarboxylic Acid (XLVI).— 
This acid, which was obtained as a by-product in the experiments 
on the interconversion of the three cyclopropene ethyl esters by 
means of sodium ethoxide (section B), was crystallised from xylene, 
and thus obtained as small needles, m. p. 156° (decomp.) (Found 
C= 50:8; H=6-7. C,H,,0; requires C = 50:8; H = 6-4 per 
cent. M, by titration = 188; cale., M = 188). 

Reduction to Normal £-Methylgiutaconic Acid.—The ethoxy-acid 
(0-2 gram) was boiled for four hours with 10 c.c. of hydriodic acid 
(d 1-7), and the solution diluted and extracted with ether. The 
extract was decolorised by means of potassium hydrogen sulphite, 
dried with sodium sulphate, and evaporated. The residue rapidly 
set to a cake of crystals, which, after recrystallisation from xylene, 
were identified as normal $-methylglutaconic acid by direct com- 
parison and a mixed melting point determination with a genuine 
specimen of this acid. 
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} 
, (H) Oaidation of the cycloPropene Acid by Alkaline Permanganate : 
Formation of Malonic Acid. 

vylate A solution of the cyclopropene acid (3-55 grams) and sodium 

pene- § carbonate (2-65 grams) in 500 c.c. of water was rapidly stirred 

=, mechanically while 1800 c.c. of a 1 per cent. solution of potassium 

» and permanganate (corresponding with a little more than seven atoms 

, 7 of available oxygen) were gradually run in. The reduction of the 

° permanganate took place rapidly, almost exactly seven atoms of 

zene # oxygen being absorbed. The solution was filtered rom oxides of 

495 manganese, freed from the small excess of permanganate by sulphur 
Was J dioxide, faintly acidified with hydrochloric acid, evaporated to 200 

gen F cc., then strongly acidified with sulphuric acid, and extracted with 

ether. On drying and evaporating the ether, a crystalline residue 

arb was obtained, which, on reé¢rystallisation from xylene, melted at 

1 to § 139° and had all the properties of malonic acid, with which it was 
and J identified by direct comparison and a mixed melting point deter- 

then mination. 

ate In spite of careful search no trace of methylmalonic acid could be 

her, isolated. 

vay. 
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nts XLII.—The Tautomerism of Amidines. Part I. 

bd 2:4- and 2: 5-Diphenylglyoxalines. 

* By Ricuarp BurtLes and FRANK LEE PyMAN. 

per UNSYMMETRICAL amidines, whether open-chain, partly cyclic, or 
wholly cyclic, exhibit virtual tautomerism, a single substance 
cid resulting from reactions designed to prepare the two isomerides. 
cid Thus, to give one of many examples, von Pechmann (Ber., 1895, 28, 
fhe 874) obtained the same benzenylphenyl-p-tolylamidine (I or IT) by 
iy (I.) NPh:CPh-NH-C,H, (II.) NHPh-CPh:N-C,H, 

ne, the action of benzoyl-p-toluidide iminochloride on aniline and by 
m- the action of benzanilide iminochloride on p-toluidine. Apparent 
ne exceptions to the rule have been reported from time to time, but 


subsequently disproved. Thus, Meldola, Eyre, and Lane’s (T., 
1903, 83, 1185) supposed isomeride of Prager’s (Ber., 1885, 18, 
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2167) 2-methyl-«-naphthiminazole was shown to be an oxygenated 
derivative by Otto Fischer (J. pr. Chem., 1907, [ii], 75, 88), whilst 
an alleged case of the occurrence of two isomeric forms of a partly 


cyclic amidine, 1-anilinobenzoxazole, CoH, <6 >C-NHPh, was 


disproved by Young and Dunstan (T., 1908, 93, 1052).. There 
remains, so far as we are aware, but a single uncontradicted example 
of isomerism of this type amongst amidines, the occurrence of both 
2:4- and 2:5-diphenylglyoxalines, which is discussed in the 
present paper. 

The first of the two isomerides to be described was a product, 
melting at 162°, obtained by Minovici (Ber., 1896, 29, 2097) either by 
the condensation of «-aminophenylacetonitrile with benzaldehyde 
by means of hydrogen chloride, 

NHyCHPh-CN + Ph-CHO —> HElNESopn, 
or by the action of ammonia upon 2 : 5-diphenyloxazole, and regarded 
by him as 2: 5-diphenylglyoxaline, whilst later Kunckell (Ber., 1901, 
34, 637) described, as 2 : 4-diphenylglyoxaline, a base melting at 
193°, which he prepared by the action of w-bromoacetophenone upon 
benzamidine. 
: NH , Ih-eCO-C CH-NH 
cPh<y H, + Ph-CO-CH,Br —> Hon—n7 CEb. 

We have repeated the preparation of Minovici’s base from 
a-aminophenylacetonitrile and find that it melts at 168° (corr.), 
and have also confirmed the formation of a base of higher melting 
point—194° (corr.)—by Kunckell’s method. For brevity, these 
bases are distinguished below as M and K, respectively. Repetition 
of the analyses of both bases gave figures in good agreement with 
those required for diphenylglyoxaline, and it remained to determine 
whether they were isomeric or polymorphic forms of the same 
substance. The main results of the investigation were as follows: 
The two bases yield identical salts with any given acid, from which 
the recovered base is M. ‘The base K is obtained almost consistently 
by Kunckell’s method, but on heating for a short time in alcoholic 
solution, it is converted into M. In no case has M been converted 
into K. Saturated alcoholic solutions of the much more readily 
soluble base M failed to deposit the sparingly soluble base K on 
inoculation. In the region of the melting point, M is the stable 
compound. A mixture of equal parts of M and K melts at a 
temperature, about 174—175°, intermediate between their melting 
points. 

These results lead to the conclusion that the compounds are not 
polymorphic but isomeric, and represent the 2:4- and 2: 5-di- 
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phenylglyoxalines. It does not, however, seem to us to be possible 
to judge from their methods of formation which is the 2: 4- and 
which the 2 : 5-isomeride. 

The formation of a single salt by the action of an acid upon the 
two bases is doubtless due to the fact that the ions of the salts of 
the two bases are not position-isomerides, but—if they differ at all, 
as would appear from the usual conventional formule given below— 

CPh:NH 

GH-NH7 OP 
valency-isomerides. In other words, whilst the bases themselves 
are isomeric, the basic ions are tautomeric in Laar’s sense of the 
word. This leads us to the view that the previous attempts of 
von Pechmann and others to synthesise the two isomeric forms of 
other amidines have necessarily failed wherever the bases have 
been converted into their salts. For we hold that the formation 
of salts or alkyl salts of amidines is due to the addition of the acid 
or alkyl salt to the doubly-linked nitrogen atom, and thus find our- 
selves in agreement with Young and Crookes (T., 1906, 89, 59), 
but in opposition to the views of von Pechmann (Ber., 1895, 28, 
2362) and Cohen and Marshall (T., 1910, 97, 328), who regard the 


formation of an alkyl derivative EOCeE Alkyl *8 82 indication 


that the amidine has reacted in the form X0Ce R’" 


In support of our view, we may point out that amidines are 
monacidic bases, that obviously the acid or alkyl salt would com- 
bine with the basic nitrogen atom, and that a comparison of 
amidines, R*C(:NH)-NH,, with the basic imino-ethers, R-C(°NH)-OEt, 
on the one hand, and the non-basic acid amides, R°CO-NHg, on the 
other, leaves no doubt as to which of the nitrogen atoms of amidines 
isto be regarded as basic. It appears then that the conversion of 
the two isomeric forms of an amidine into the salts may be 
represented as follows : 

XC(7-NR)-NHR’ + HCl — XC(;-NHRCl1)-NHR’ 
XC(-NR’)-NHR + HCl — XC(¢-NHR’Cl)-NHR 
and that the two salts have a common ion and therefore are 
identical. The common ion * can be represented on an electronic 

* It should be pointed out that Lapworth’s view of the mechanism of the 
desmotropism of ethyl acetoacetate (Mem. Manchester Phil. Soc., 1920, 64, 
i, 13), when interpreted upon an electronic basis as suggested by him later 
pigheg 121, 424), leads to a similar expression for a common ion, that is, 
RICCI: 
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basis, after Kermack and Robinson (T., 1922, 121, 427) by the 


formula 
H XH 


R :NiCiN:R’ 
Clearly, the identity of the methiodides of 1 : 4- and 1 : 5-dimethyl. 
glyoxalines (Pyman, T’., 1910, 97, 1814) is due to a similar cause. 

In the case of the diphenylglyoxalines, the production of the 
labile form of higher melting point by Kunckell’s method is rendered 
possible by the alkalinity of the reaction mixture owing to the 
excess of benzamidine employed, and consequent avoidance of 
ionisation. 

EXPERIMENTAL. 

Kunckell’s Base.—The benzamidine liberated from 14 grams of 
the hydrochloride by means of sodium hydroxide was extracted with 
30 grams of chloroform, 6 grams of w-bromoacetophenone were added, 
and the product was boiled for four hours under reflux. After 
distillation of the solvent, there remained a brown, gummy mass, 
which was extracted three times with warm water, and then mixed 
with benzene, when a yellow, crystalline product remained undis- 
solved. This was boiled with dilute aqueous sodium carbonate 
to convert any salt to base, and gave from 5 to 6 grams of a pale 
yellow, crystalline powder melting at 191° or 192°. The yield of 
crude product is thus nearly theoretical, but on crystallising the 
product from alcohol there were obtained on the average only 
2°5 grams of base melting at 193°, and on concentration of the 
mother-liquors 1°6 grams of base melting at 167°. Similar results 
were obtained in six repetitions of this experiment, but on two 
occasions when the reaction proceeded abnormally small quantities 
of the base of lower melting point were obtained and none of the 
base of higher melting point. 

On recrystallising the base melting at 193° from alcohol, it 
separated in well-formed, colourless prisms which melted at 194° 
(corr.) (Found: C = 81:6; H = 5:8; N=12°9; Calc., C= 81; 
H = 5°5; N = 12°7 per cent.). After heating for fifteen minutes 
with alcohol on the water-bath, it was converted into a base melting 
at 168° (corr.) which was identical with Minovici’s base (Found: 
C = 81°6; H = 5'8 per cent.). 

Minovici’s Base—The crude «-aminophenylacctonitrile resulting 
from the action of alcoholic ammonia on mandelonitrile was dis- 
solved in ether, filtered to remove «-benzylideneaminophenyl- 
acetonitrile, and condensed with benzaldehyde by means of dry 
hydrogen chloride, when the diphenylglyoxaline melting at 168° 
(corr.) was obtained in very poor yield. 
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Behaviour of the Salts—The two bases give the same salt with 
any given acid. The hydrochloride, for which Minovici records 
the melting point 273° and Kunckell 262°, was prepared by passing 
dry hydrogen chloride through ethereal solutions of the two bases 
M and K at 0°, when the crude products melted at 274—275° and 
272—-274°, respectively. On warming these salts with aqueous 
sodium carbonate, the base M was obtained in each case. 

The hydrogen oxalates were precipitated on the addition of a cold 
concentrated alcoholic solution of oxalic acid to cold concentrated 
alcoholic solutions of the bases M and K, and melted at 225° and 
227°, respectively, a mixture of equal parts of the two melting at 
225°. 

The acetates were prepared by allowing cold concentrated solutions 
of the bases (M and K) in glacial acetic acid to evaporate spon- 
taneously, when long, silky needles, which melted at 95° and 96°, 
respectively, separated. A mixture of the salts from the two 
sources melted at 95°. This salt contains }H,O (Found : C = 69°9; 
H= 61; N=9°6; loss at 100° = 22°7. C,,H,.N,,C.H,0,,4H,O 
requires C = 70°6; H = 5°99; N = 9'7; loss of C,H,0,,4H,O = 
23°9 per cent.). 

The residue left after heating the acetate of the base M melted 
at 167°, and the residue left after heating the acetate of the base K 
melted at 160°. 

Some evidence was obtained that the change K—>M proceeds 
only slowly in the absence of mineral acid; thus a quantity of K 
was dissolved in glacial acetic acid, diluted with water, and basified 
atonce with ammonia, when the precipitate which gradually solidified 
softened from 170° and melted at about 185—192°, but after 
crystallisation from alcohol it melted at 167°. 


Cryoscopic Determinations. 

The very slight solubility of the bases in benzene or aniline 
prevented the use of these solvents in determining the molecular 
weights of the bases by the cryoscopic method, but determinations 
were made in glacial acetic acid, when high results averaging 276 
for K and 260 for M were obtained. These results are no doubt 
vitiated by the formation of the acetate, and the same criticism 
applies to attempts to distinguish between isomerism and poly- 
morphism by Sidgwick’s method (T., 1915, 107, 673) using the same 
solvent. The results, however, are given below, because, apart from 
this criticism, they are in opposition to our view that the compounds 
are isomeric. Thus, saturation of glacial acetic acid with M gave 
in two experiments A —3°5° and —3°8°; on the addition of K 
arise of + 0°7° and 0°8° occurred, whilst saturation of glacial acetic 
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acid with K gave A —2°5° and —2°8°, and with addition of Ma 
further depression of 0°8° and 0°9°. 


Solubilities in Alcohol. 


The finely powdered bases in excess were well shaken with 
absolute alcohol, kept in a thermostat for three hours in the case of 
K and one night in the case of M, and filtered. The solubility was 
then determined by evaporating weighed portions (about 2 c.c.) of 
the solutions and weighing the residues. To another portion of 
the solution of the more soluble base M, some of the finely powdered 
base K was added and the mixture was well shaken in the thermostat 
for half an hour, when the amount of material in solution was again 
determined. 

The results were as follows :— 


Solubility in grams per 100 grams of absolute 


alcohol. 
‘Temperature. K(194°). M(168°). M + K. 
0° 3°49, 3-63 11-34 10-66, 10-68 
10 4-39. 4-41 14-77 14-81, 15-04 
25 [5-9 at 27°] 15-98 16-47, 16-49 
36 23-6, 23-7 23-3, 23-4 


The results must be regarded as only approximate in view of the 
small quantities of the solutions employed. They do not show 
consistently that saturated solutions of M will dissolve K, as one 
would expect in the case of substances differing in the liquid state, 
but they show plainly that addition of K to saturated solutions of 
M does not cause (or at the temperatures 0° and 36° causes to only 
a very slight extent) deposition of the more sparingly soluble form. 

Another experiment on the behaviour of the bases in alcoholic 
solution follows. Hot concentrated alcoholic solutions of the two 
bases were filtered, and each filtrate was divided into two parts, 
one of which was inoculated with K, the other with the base M, 
when it was found that the solutions of K deposited crystals melting 
at 194° (corr.) in both cases, whilst the solutions of M deposited 
crystals melting at 168° (corr.) in both cases. 


Behaviour on Heating. 


The base M was heated in a small test tube surrounded by liquid 
paraffin, and gave a perfectly clear solution at 169°. The 
temperature was now maintained at 171—172° for half an hour, and 
a trace of the base K was added, but did not cause crystallisation. 
The liquid was now allowed to cool to 120°, and stirred to cause 
crystallisation. The melting point of the resolidified mass was 
again determined, when it began to soften at 160° and gave a clear 
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liquid at 171°. The base M is thus stable in the region of the melting 
oint. 

The base K was similarly heated for half an hour at 171—172°, 
when it underwent no change. On raising the temperature, it 
began to melt at 189°, but was not clear until a temperature of 
194° was reached. The liquid was now allowed to cool to 120° 
and stirred to promote crystallisation, and the melting point was 
redetermined, when it was found that the substance began to soften 
at 160°, but was not clear until 186°. After cooling once more 
and heating again, the substance softened at 160° and was quite 
clear at 172°. The base K is thus unstable in the region of the 
melting point. 


Munictpan COLLEGE or TECHNOLOGY, 
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XLUI.—The Tautomerism of Amidines. Part II. The 
Alkylation of Open-chain Amidines. 


By Frank Lert PyMay. 


Tue results of alkylating unsymmetrical open-chain amidines con- 
taining the group *C(-NR’)-NHR or -C(;NR)-NHR’ by heating with 
alkyl salts are stated to depend on the nature of the groups R and R’. 
Where R and R’ are similar in character, for example, phenyl 
and o-tolyl or phenyl and £-naphthyl, a mixture of the two possible 
alkyl derivatives is obtained in approximately equal amounts, 
but where the two groups differ in character, for example, phenyl 
and methyl, or ethyl and menthyl, only a single alkyl derivative 
has been isolated, in which the alkyl group is attached to the less 
basic nitrogen atom (Marckwald, Annalen, 1895, 286, 343; von 
Pechmann, Ber., 1895, 28, 869, 2362; 1897, 30,1779; von Pechmann 
and Heinze, zbid., 1783; Cohen and Marshall, T., 1910, 97, 328). 

The isolation of only one of the two possible alkyl derivatives 
in these cases has led to the view that only one is formed, but in 
the present author’s opinion this view is incorrect. 

It was shown recently (Pyman, T., 1922, 121, 2616) that 
whereas methylation of 4-methylglyoxaline leads to the 1: 4- 
and 1:5-dimethylglyoxalines in the proportion of 2-2:1, the 
methylation of 5-nitro-4-methylglyoxaline leads to the formation 
of the 1:4- and 1: 5-dimethylnitroglyoxalines in the proportion 
of 233: 1. In the latter case, it was only the fortunate difference 
in physical properties between the two isomeric alkyl derivatives 


that rendered possible the isolation of the isomeride produced in 
02 
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smaller quantity. Consequently, it seemed not improbable that 
the isolation of single alkyl derivatives by the authors cited above 
was due to the experimental difficulties of isolating the isomeride 
produced in smaller quantity rather than to its absence, and this 
view received some support from their experimental records, 
It was decided, therefore, to repeat the alkylation of an unsym. 
metrical open-chain amidine, which had been stated to yield a 
homogeneous alkyl derivative, and benzenylphenylmethylamidine 
(Ia or Ib) was selected as a typical example. 


CPh(‘NPh)-NHMe or CPh(:NMe)-NHPh —> 
(Ia.) (Ib.) 
CPh(:NMe)-NMePh and CPh(:NPh)-NMe,. 
(II.) (III.) 


According to von Pechmann (loc. cit.), the methylation of this 
base by means of methyl iodide at 100° yields methylpheny)- 
amidobenzenylmethylimidine (II) as a homogeneous product, 
although the yield is not stated numerically. Repetition of this 
alkylation has now shown that whilst methylphenylamidobenzenyl- 
methylimidine is certainly the main product of the reaction, it 
is accompanied by a small proportion of the isomeric dimethyl- 
amidobenzenylphenylimidine (III), which von Pechmann prepared 
by the action of benzanilide iminochloride on dimethylamine, 
the relative yields of the two isomerides being approximately 15: 1. 

From this result the conclusion is drawn that the alkylation 
of open-chain, as well as cyclic (compare Pyman, loc cit.), amidines 
leads to a mixture of the two isomeric alkyl derivatives in proportions 
which depend on the relative character of R and R’; the greater 
the difference in character between R and R’, the greater being the 
difference in yield of the two isomerides.* 

Further investigations of the relative amounts of the isomeric 
alkyl derivatives produced by the alkylation of amidines are 
contemplated, and it is hoped that these may throw some light on 
the tautomerism of amidines and also on the relative influence 
of the substituents R and R’. Further discussion of the reaction, 
however, is postponed until more material has been accumulated. 
In the meantime, it is desired to direct attention to the important 
influence of carbonyl oxygen in the pyrimidine ring on the results 


* This appears to be the case also in the alkylation of unsymmetrical 
diazoamino-compounds, R-NH-N:N-R’, for in many cases where R and R’ 
were substituted phenyl groups Meldola and Streatfeild obtained mixtures 
of the two isomeric alkyl derivatives in more or less equal amounts, whereas 
von Walther and Griesshammer (J. pr. Chem., 1915, [ii], 92, 209) found 
that the methylation of p-tolueneazocyanodiamide gave mainly the methyl 
derivative, CN-NH-C(:NH)-N,-NMe-C,H,Me. 
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of alkylating the glyoxaline ring in purines. Whereas 2:6: 8- 
trichloropurine gave with methyl iodide and aqueous potassium 
hydroxide a mixture of the 7- and 9-methyl derivatives (E. Fischer, 
Ber., 1897, 30, 2224), the methylation of derivatives of xanthine 
has not afforded 9-methyl derivatives (E. Fischer, Ber., 1899, 
$2, 435); thus the silver salt of 8-chlorotheophylline and methyl 
iodide gave a 50 per cent. yield of the 7-methyl derivative, 8-chloro- 
caffeine (E. Fischer and Ach, Ber., 1895, 28, 3135), whilst the 
methylation of 8-chloro-3-methylxanthine with either methyl 
iodide or potassium methyl sulphate in alkaline solution gave 
again the 7-methyl derivative, 8-chlorotheobromine, in “ quite 
satisfactory ’’ yield (Fischer and Ach, Ber., 1898, 31, 1980). In 
view of the moderate yields of the 7-methyl derivatives in these 
cases it may be surmised that here also the 9-methyl derivatives 
were formed in small proportion. The predominant formation 
of the 7-methyl derivatives of xanthines recorded above may be 
compared directly with the results of methylating 5-nitro-4-methyl- 
glyoxaline on the assumption of a similar distribution of polarity 
induced by the oxygen atoms, which is indicated vaguely by the 
following formule of the principal products of methylation. 


a 
NR-OC—~C@-NMe> op 


CO-NR’-C —N 


EXPERIMENTAL. 


Methylation of Benzenylphenylmethylamidine——Twenty grams 
of benzenylphenylmethylamidine, which melted at 135—136° 
(corr.) (von Pechmann gives 134°), and 20 c.c. of methyl iodide 
were heated for three hours at 100°. After removing excess of 
methyl iodide, the base was liberated by sodium hydroxide and 
collected by means of ether, when 20 grams of oil were obtained. 
This was mixed with a hot solution of 22 grams of picric acid in 
200 c.c. of alcohol and gave (A) 26-5 grams of picrate, melting at 
173°, (B) 5-4 grams of picrate, melting at 140—155°, and a final 
mother-liquor, from which the base was regenerated. ‘There were 
thus obtained 2 grams of oil which on the addition of light petroleum 
deposited first 0-2 gram of the original material, melting at 125—130°, 
and then on concentration 0-48 gram of dimethylamidobenzenyl- 
phenylimidine, which softened at 65° and melted at 70—71°, 
leaving a mother-liquor M. The product A on crystallisation 
from 200 c.c. of alcohol gave 24:5 grams of methylphenylamido- 
benzenylmethylimidine picrate which melted at 174—176° (corr.) 
(von Pechmann gives 174°). The mother-liquor from this .was 
evaporated dry and the residue combined with B and converted 
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into the base, which was separated by light petroleum into 1.5 
grams of the original material, melting at 134°, and 1-5 grams of 
oil. This was combined with M and converted into the picrate, 
giving 3-25 grams of crude methylphenylamidobenzenylmethyl. 
imidine picrate, melting at 165—170°, which after two crystal. 
lisations from alcohol gave 2-4 grams of the pure substance, and a 
mother-liquor from which the base was regenerated. It amounted 
to 0-8 gram and on treatment with light petroleum gave 0-1 gram 
of the original material melting at 125—130°, and 0-42 gram of 
dimethylamidobenzenylphenylimidine, which softened at 65° and 
melted at 70—71°. The yields of the two methyl derivatives, 
allowing for the recovered material, amount to 68°5 and 4-6 per 
cent. of the theoretical, respectively. 

Dimethylamidobenzenylphenylimidine melted at 72—73° (corr.) 
after crystallisation from light petroleum (von Pechmann gives 
73—74°), and its identification was confirmed by the preparation 
of the hydriodide, which melted at 200° (corr.), and picrate, which 
melted at 126—i27° (corr.) (von Pechmann gives 196° and 126°, 
respectively). 

The identification of methylphenylamidobenzenylmethylimidine 
was confirmed by the preparation of the hydriodide, which melted 
at 191—192° (corr.) (von Pechmann gives 190°), but the base 
melted at 65—66° (corr.), several degrees higher than the 
temperature—56°—recorded by von Pechmann. 


Mounicipat CoLLEGE or TECHNOLOGY, 
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XLIV.—The Quantitative Absorption of Light by Simple 
Inorganic Substances. Part II. The Chlorides of 
Arsenic, Antimony, and Bismuth. 


By ALEXANDER Kitten Macsets and Noran [rent MAXweEl.t. 


Tue study of the quantitative absorption of light by simple 
inorganic salts was undertaken some time ago, the object of the 
work being to determine if any connexion existed between the 
molecular extinction-coefficients of members of the same group of 
elements and their atomic numbers or atomic weights; and sub- 
sequently to see if the extinction-coefficient is a periodic function 
when the elements are reviewed as a whole. 

The results obtained when examining the halides of the alkali 
metals and hydrogen have already been described (Brannigan 
and Macbeth, T., 1916, 109, 1277). It was found that, in general, 
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the molecular extinction-coefficient of these salts increased with 
the increase of atomic weight, and the effect was specially marked 
in the case of the iodides. The observed extinction-coefficients 


cr. 

an were small, lying between the values 0-05 and 0°5. In the present 
ystal. cases, the values are much greater, the experimental figures covering 
and 4g atange from 5 to 12,000. 

inted @ Lt is evident, therefore, that in the examination of the different 
gram gj groups of inorganic salts it will be necessary to employ solutions 
m of @ of considerably different concentration. In the case of the alkali 


chlorides, for example, 4N-solutions were found to be of suitable 
concentration; with bismuth chloride, dilution to an N/10,000- 
solution was necessary before the absorption could be satisfactorily 
examined. On this account, it is a matter of importance to 
determine if the molecular extinction-coefficient as determined by 
the method adopted in this work is independent of the actual 
dilution of the solutions, and to ascertain if the values obtained 
at different concentrations are in agreement with Beer’s law. 

A Hilger spectrophotometer was used in the measurements, 
and the molecular extinction-coefficients were derived from the 
expression log (I/I9)/dc, where J and J) have their usual significance, 
dis the length of solution, in centimetres, through which the light 
passes, and c is the concentration in gram-molecules per litre. A 
high-tension spark between nickel electrodes was used as the source 
of light; the intensity of this light remained fairly constant 
throughout the experiments, and the arrangement was approxi- 
mately a point source. The ratio log J//) was varied by means 
of an adjustable rotating sector, and the calibration of the instrument 
for the different sector openings was carried out by a preliminary 
series of photographs with a standardised test-plate, supplied by 
the makers. The following values were obtained : 


Sector Sector Sector 
opening. Log I/I, opening. LogJ/i,. opening. Log I/Iy. 


0-1 0-220 0-6 0°550 1-1 0-900 

"i 0-2 0-293 0-7 0°640 1-2 1-050 
0-3 0°350 0°8 0700 1:3 1-110 
iis 0-4 0425 0-9 0-770 1-4 1-265 
“ 05 0-480 1-0 0°825 15 1-380 


From the above values it is seen that limits of the molecular 
extinction-coefficients of any absorbing substance must lie within 
the ratio 1:6 (220: 1380) if the absorption over the visible and 
ultra-violet regions is to be completely examined at one particular 
dilution; and with very absorptive substances this range will not 
be sufficient to cover more than a limited region of the spectrum. 
Azobenzene is an example of a substance of this type, and examin- 
ation of a solution of N /20,000-strength: covers only the region of 
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TABLE I. 


Azobenzene. Band region d 4370. 


Concentration N/500. lcm. cell. Concentration N/1000. 2 cm. cell. 

A. A. A. A, 

378, 500 175 378, 500 175 

370, 384, 496 212 371, 384, 497 212 
368, 389, 495 240 366, 391, 494 240 
365, 394, 488 275 365, 391, 484 275 
363, 397, 483 320 363, 396, 482 320 
362, 400, 478 350 361, 402, 476 350 
362, 405, 468 385 360, 407, 468 385 
361, 410, 463 412 360, 410, 460 412 
361, 413, 458 450 360, 415, 456 450 
361, 415, 456 525 359, 418, 453 §25 
360, 420, 453 550 359, 423, 450 550 
359, 423, 450 632 359, 426, 450 632 
437 690 437 690 


Concentration N/2000. 4 cm. cell. 

A. A, A. A, 

378, 500 175 360, 407, 463 412 

370, 384, 498 212 360, 408, 458 450 

367, 391, 493 240 359, 412, 455 525 

362, 394, 481 275 359, 418, 453 550 

362, 397, 480 320 359, 423, 448 632 

361, 400, 472 350 437 690 
360, 405, 467 385 


TABLE II. 


Azobenzene. Band region A 3210. 


Concentration N/20,000. 1 cm. cell. Concentration N/40,000. 2 cm. cell. 
A. A, A. . 
249 5,860 250 
241, 262 7,000 242, 263 
220, 238, 269! 8,500 220, 237, 273 
222, 235, 275, 344 9,600 223, 235, 275, 341 
225, 233, 280, 340 11,000 225, 232, 281, 339 
229, 284, 339 12,800 229, 286, 338 
288, 338 14,000 290, 337 
293, 335 15,400 295, 335 
298, 334 16,500 300, 334 
303, 330 18,000 306, 331 
309, 329 21,000 310, 328 
321) 22,000 321 


Concentration N/80,000. 4 cm. cell, 

A. A. A. 
250 | 5,860 290, 337 
241, 262 7,000 294, 336 
218, 237, 272 8,500 300, 335 
222, 235, 276, 340] 9,600 305, 332 
225, 232, 281, 340! 11,000 311, 327 

229, 286, 339 12,800 321 


wave-lengths extending from 3780—5000 A.U. Measurements of 
the absorption of solutions of different concentrations are therefore 


necessary in such a case, and it was decided to examine the 
absorption of azobenzene in detail before proceeding further with 
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the study of the simple inorganic salts. Azobenzene provides a 
suitable range of dilutions to test the spectrophotometric method 
in the light of Beer’s law: and is a good case to examine with the 
view of finding if the graph connecting molecular extinction- 
coefficients and oscillation frequencies is continuous over the whole 
range of dilutions. The method was found to be satisfactory 
as regards both these questions. 

The azobenzene used in Oscillation frequencies. 
the work was repeatedly 
crystallised from alcohol 
until it melted sharply at 
68°. Alcoholic solutions 
were used throughout, 
and a cell of alcohol was 
fixed in front of the vari- 
able sector in order to 
introduce a correction for 
absorption by the solvent. 
Azobenzene has two prin- 
cipal bands in its absorp- 
tion spectrum, and these 
regions were especially 
examined, The first band 
] —with its head at 4370 
—was examined at dilu- 
tions of N/500, N/1000, 
and N/2000: the second 
band—with its head at \ 
\3210—was studied in \ 
solutions of N/20,000, 
V/40,000, and N/80,000 
strength. The values | 
obtained are expressed in | 
Tables I and II, where at -, 
A=log (I/Ip)de. Horaats : 

From the results recorded above, it is seen that the molecular 
extinction-coefficient remains the same for a particular wave- 
length, whether a concentrated or a dilute solution is employed. 
The value therefore depends only on the number of molecules of 
solute through which the light is passed, and no dilution effect 
will be noted if a compensation cell of solvent is interposed in the 
path of the light falling on the variable sector. Beer’s law is there- 
fore obeyed in measurements with the spectrophotometer. 

The absorptions shown by a 1 cm. cell containing N /1000- and 

oO 


Molecular extinction coefficients. 


\ 
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N/10,000-azobenzene were also examined, to cover the range of 
general absorption lying between the two bands already dealt 
with. On plotting the values of molecular extinction-coefficients 
obtained over the whole series of dilutions against oscillation 
frequencies, a continuous graph is obtained. 

It will also be noted that the examination of the absorption 
of azobenzene by the spectrophotometer reveals the presence of 
a third band in the extreme ultra-violet region—with its head 
at 42290. This shallow band has not been observed in previous 
work, and this is probably accounted for by the fact that the absorp. 
tion due to the solvent could not be eliminated—even a 1 cm. cell 
of alcohol is found to be absorptive in this region (compare Crymble, 
Stewart, and Wright, Ber., 1910, 43, 1188; Purvis, T., 1914, 105, 
590; Baly and Hampson, T., 1915, 197, 248). 


Arsenic Trichloride. 

The trichloride was prepared by the action of chlorine on the 
metal (Dumas, Ann. Physik, 1827, [i], 9, 308). It was purified by 
distillation and the fraction, b. p. 134°, was collected. A solution 
of the chloride in N-hydrochloric acid was prepared, and a concen- 
tration of N’/100 of the chloride was found to be of suitable strength. 
A compensation cell of N-hydrochloric acid was introduced during 
the measurement of the absorption, and the following values were 
determined. The substance shows general absorption only, the 
molecular extinction-coefficients having a range from 5—30. 


TaBie III. 


Arsenic Trichloride. 
Concentration N/100. 4 cm. cell. 


A. A, A. A. A. A, 
357 5°5 248 13°750 232 22°5 
301 7°325 243 16°00 228 26°25 
275 8°750 240 17°50 227 27°5 
259 10°625 237 19°25 
253 12-00 235 20°625 


Antimony Trichloride. 

The trichloride was prepared from the metal by Hengsen’s 
method (Rec. trav. chim., 1890, 9,301). It was purified by fractional 
distillation and collected at the correct boiling point. An N/100- 
solution in N-hydrochloric acid was prepared, but dilution to 
N/10,000 with the same solvent was necessary before a suitable 
concentration was obtained. The substance shows general 
absorption only, the molecular extinction-coefficients having a 
range from 600—3000. The values determined are given below : 
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TABLE IV. 


Antimony Trichloride. - 
Concentration N/10,000. 4 cm. cell. 


tion ra. A, . A. A. A, 
417 550 283 1,375 257 2,250 
ti 391 732°5 270 1,600 253 2,625 
100 366 875 266 1,750 251 2,750 
e of 320 1,062 262 1,925 
302 1,200 259 2,062 


Bismuth Trichloride. 

This chloride was prepared from the pure metal by Muir’s 
method (T., 1876, 29, 144). It was fractionally distilled under 
reduced pressure, but as the boiling point was too high to record 
the chloride was converted into the oxide, and found to be pure 
(1-60 grams gave 1-0565 grams Bi,O,, which corresponds with a 
theoretical 1-597 grams of chloride). An N/100-solution in N-hydro- 
chloric acid was prepared, but dilution to N/10,000 was necessary 
to give a suitable concentration. The absorption is characterised 
by very strong selective action, a deep band with its head at 
\3250 being observed. The molecular extinction-coefficients, 


nf which cover a range from 2000—12,000, are given below. 

ng TABLE V. 

re Bismuth Trichloride. 

he Concentration N/10,000. 1 cm. cell. 

A. A. A. A. 

357 2,930 335, 307, 244 7,700 
350, 282, 260 3,500 334, 309, 243 8,250 
347, 292, 254 4,250 332, 312, 242 9,000 
344, 296, 252 4,800 329, 316, 240 10,500 
342, 299, 250 5,500 327, 318, 239 11,000 
338, 303, 247 6,400 237 12,650 
337, 305, 246 7,000 


The values of the molecular extinction-coefficients observed in 
the arsenic-antimony—bismuth group show that this factor increases 
with increase of the atomic weight of the element. The selective 
absorption by the bismuth is remarkable, but it would be unwise to 
submit any explanation of this action until further information is 
collected. It is hoped that after further groups of elements have 
heen examined some numerical connexion between absorption and 
atomic weight will be deducible, but at the present stage of the 
work no clear relationship can be traced. 


CHEMICAL RESEARCH LABORATORY, CHEMICAL DEPARTMENT, 
UnrtED COLLEGE oF St. SALVATOR QUEEN’S UNIVERSITY OF 
AND St. LEONARD, BELFAST. 
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XLV.—The Influence of Papaverine on the Optical 
Activity of Narcotine in Acid Solution. 


By HaroLtp Epwarp ANNETT. 


NARCOTINE in acid solution is dextrorotatory, whilst the free base, 
dissolved in chloroform, toluene, or alcohol, is levorotatory. 
Papaverine is optically inactive. It would seem, therefore, that 
narcotine could be estimated in admixture with papaverine by a 
polarimetric method. It was found that although papaverine is 
inactive in acid solution, yet when it is added to an acid solution 
of narcotine the optical activity of narcotine is considerably 
diminished. 
EXPERIMENTAL. 


A Hilger polarimeter, fitted with a D. V. spectroscope eyepiece 
attachment, was used for the investigation. The readings refer 
to the green mercury line unless otherwise specified. The alkaloids 
used were of a high degree of purity, kindly provided by Mr. G. 
Whiffen. The narcotine and papaverine melted sharply at 172°75° 
(175°8° corr.) and 146°75° (148°5° corr.), respectively. 

Series I.—Four grams of narcotine and 1 gram of papaverine 
were dissolved each in 100 c.c. of 1 per cent. sulphuric acid, and 
from these solutions mixtures were made up for polarimetric 
observation. A similar set of solutions was prepared in which 
1 per cent. hydrochloric acid was used instead of 1 per cent. 
sulphuric acid. 

Series II.—Two grams of narcotine were dando’ in 100 c.c. 
of 1 per cent. sulphuric acid. The rotation of the solution in a 
200-mm. tube was measured. Three portions, each of 25 c.c., 
were removed and to these portions 0°125, 0°250, and 0°500 gram, 
respectively, of papaverine were added, and the rotations again 
observed in the 200-mm. tube. The results of these two series of 
experiments are shown in the attached table. 


Concentration. Grams per 
Series No. 100 c.c. of acid. Reading i i 200-mm. tube * 31°. 
Narcotine. Papaverine. H,SO, 1%. HCl. 1%. 
0-0 + 2-23° 
+ 0-02 
+ 1-76 
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The readings of series I show that (1) papaverine is optically 
inactive in 1 per cent. sulphuric or hydrochloric acid, but when 
present in solution with narcotine it considerably affects the optical 
activity of the latter, (2) narcotine shows a greater degree of optical 
activity in 1 per cent. sulphuric acid than in 1 per cent. hydrochloric 
acid, and (3) the effect of papaverine on the optical activity of 
narcotine is relatively much greater in solution in hydrochloric acid 
than in sulphuric acid. 


ory. 

hat The results with the second series show that each additional 
ya — amount of papaverine diminishes the rotation due to narcotine 
> is until the ratio of papaverine to narcotine is 3:2, and a further 


increase of this ratio to 4: 2 has much less effect. 

Series III.—It appeared of interest to determine the effect of 
adding a strong base such as sodium hydroxide to an acid solution 
of narcotine, on its optical activity. A solution of 4 grams of 
narcotine in 100 c.c. of 2 per cent. sulphuric acid was prepared 
and from this the following solutions were made up. (a) Twenty- 
five c.c. were diluted to 50 c.c. with water, (6b) 25 c.c. were diluted 
to 50 c.c. with water after the addition of 10 c.c. of N/10-sodium 
hydroxide, (c) 25 c.c. were diluted to 50 c.c. with N/10-sodium 
hydroxide. These solutions gave the following readings in a 
200-mm. tube : + 2°56°, + 2°61°, and + 2°65°, respectively. The 
effect of adding sodium hydroxide is therefore quite different from 
that of addition of papaverine. 

Series IV.—The effect of papaverine in diminishing the optical 
activity of narcotine in acid solution might be explained by the 
formation of associated molecules of the two alkaloids. It was 
therefore of interest to observe the effect of dilution. 

To 40 c.c. of solution (a) under Series III above was added 
0°40 gram of papaverine and this gave a reading of + 2°19°. Tence.c. 
of this solution were diluted to 50 c.c. with water and then gave 
a reading of + 0°50°. If dilution had no effect, its reading 
should have been + 2°19°/5 = + 0°44°. Errors in reading could 
not have accounted for so large a difference. 

It would seem that dilution had almost nullified the effect of 
papaverine on the optical activity of narcotine, since solution (a) 
itself, containing only narcotine, gave a reading of + 2°56°, and on 
dilution five times would be expected to give a reading of + 0°51°, 
which is practically the figure obtained in the diluted solution of 
narcotine and papaverine. 

Series V.—It remained to determine whether a similar effect 
would be observed when the free bases were dissolved in 
an inactive solvent, such as toluene. The table sets out the 
results. 
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Conc. Grams per 100c.c.oftoluene. Reading in 200-mm, 
Narcotine. Papaverine. tuke at 31°. 


1-333 0-00 — 4-83° 
0-00 0-50 + 0-00 
1-333 0-50 — 4-82 
1-333 1-00 — 4:84 

It is thus seen that papaverine is inactive and that when the 
free bases are present together in solution in an inactive solvent 
papaverine exercises no effect on the optical activity of narcotine. 

Series VI.—Since narcotine is levorotatory in alcoholic solution 
and dextrorotatory in acid solution, it appeared of interest to 
determine the effect of mixing an alcoholic solution of narcotine 
with a solution of narcotine in acid. The result was somewhat 
unexpected. 

One gram of narcotine was dissolved in 100 c.c. of 1 per cent. 
hydrochloric acid (solution A). 

One gram of narcotine was dissolved in 250 c.c. of 90 per cent. 
ethyl alcohol (solution B). 

The rotation of each solution was then observed in a 200-mm. 
tube using the green line of the mercury arc. The readings obtained 
were -++ 1°14° and — 1°63°, respectively, at a temperature of 29°, 
whence [«]ffz green = + 57°0° and — 203°75°. Twenty-five c.c. of 
A were then mixed with 25 c.c. of B and gave a reading of 
+ 1°43° in the 200-mm. tube at 33°, and since c = 0°7 for this 
mixed solution, [« ]#f, ereen = -+ 102°14°. 

It is thus seen that although narcotine is levorotatory in alcoholic 
solution and dextrorotatory in acid solution, yet in acid alcohol 
solution the alkaloid is much more dextrorotatory than in acid 
solution alone. Hesse (Annalen, 1875, 176, 195) records a similar 
result, but at the time my experiment was made his work had 
been overlooked. 


The Specific Rotation of Narcotine. 


During the course of the above work the specific rotation of 
narcotine was determined in toluene, ethyl alcohol, sulphuric acid, 
and hydrochloric acid, and the measurements were made for the 
sodium flame, and for the yellow and green lines of the mercury 
arc. For the latter two readings, the D. V. spectroscope eyepiece 
attachment was used. The results are set out below. 


Ethyl alcohol. H,SO,. HCl. 
Solvent. Toluene. 90 %. Chloroform. 1%. 1 %. 
Conc. Grams 
per 100 c.c. 0-4 2-0 2-0 1-0 
31° 33° 32° 29° 
— — 198-0° + 57-25° + 50-0° 
_ — 206-5° _- + 52-2° 
— 203-75° — 242-25° + 65-29 + 56-5° 


alg green 


TH 


The 
suppli 
(loc. 
soluti 
he gi 
found 


ms 
soluti 
2. 
sodiu 
are h 
3. 
to & 
rapic 
effec 
the 1 
in th 
was 
whe 
muc 
It 
forn 
dilu 
4 
tha: 


the 


THE OPTICAL ACTIVITY OF NARCOTINE IN ACID SOLUTION. 379 


The toluene and chloroform used were A.R. reagents, freshly 
supplied by Messrs. The British Drug Houses Limited. Hesse 
(loc. cit.) gives o%* = — 207°35° for narcotine in chloroform 
solution (c = 2 to 5). For narcotine in hydrochloric acid solution, 
he gives of * = + 50°0°, a figure exactly agreeing with that 
found by the author. 


Summary. 


1. Papaverine is shown to be optically inactive both in acid 
solution and in an inactive solvent. 

2. The specific rotation of narcotine in various solvents for the 
sodium flame and for the yellow and green lines of the mercury 
arc have been determined. 

3. Although papaverine is itself inactive, yet when it is added 
to a solution of narcotine in 1 per cent. sulphuric acid it causes a 
rapid diminution of the optical activity of the solution. The 
effect increases with each successive addition of papaverine until 
the ratio of papaverine to narcotine is 3 : 2, after which an increase 


nM. § in the ratio to 4:2 has only a slight, if any, influence. The effect 

nt was observed in solutions containing 2 per cent. of narcotine, and 

“é when the solutions were diluted to 0°4 per cent. the effect was 
0 


much less marked. 


of It would appear that in acid solution narcotine and papaverine 
his I form associated molecules, which become dissociated on greater 
: dilution. 
ic 4. The optical activity of narcotine is less in hydrochloric acid 
hol than in sulphuric acid, but on the other hand the effect of papaverine 
wi on the optical activity of narcotine is relatively much greater in 
ar 


the former than in the latter. 

5. No effect is observed when the free bases are present together 
in an inactive solvent such as toluene, so that it would seem that 
acid is necessary in order to cause an alteration in the structure of 
the narcotine molecule. ‘That such alteration must take place in 
acid solution is indicated by the fact that the free base is levorotatory 
in an inactive solvent and strongly dextrorotatory in acid solution, 

6. Although narcotine is levorotatory in ethyl alcohol solution and 
dextrorotatory in acid solution, an acid alcohol solution is much 
more dextrorotatory than the solution of narcotine in acid alone. 

The author’s work is admittedly only introductory, but circum- 
stances do not allow a further prosecution of work along these 
lines at present. It is in the hope that others may be attracted to an 
interesting field of research, that these results have been published. 


THE AGRICULTURAL COLLEGE, 


CawnporeE, U.P., Inpta. [Received, December 4th, 1922.] 
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XLVI.—Studies in the Anthracene Series. Part IV. 


By EpwarD DE Barry BARNETT and Marcus AURELIUS 
MATTHEWS. 


AccorDING to Liebermann and Gimbel (Ber., 1887, 20, 1854), the 
reduction of anthraquinone in glacial acetic acid suspension by 
tin and hydrochloric acid leads either to anthrone (compare also 
K. Meyer, Annalen, 1911, 379, 55) or dianthranyl * according to 
the experimental conditions used. At a later date, Eckert and 
Hofmann (Monatsh., 1915, 36, 497) repeated the work of Lieber. 
mann and Gimbel, but appear to have failed to obtain dianthrany], 
They state, however, that dianthrany] is easily obtained by modify- 
ing the experimental conditions and give details of the preparation 
in which anthraqu‘none, suspended in boiling glacial acetic acid, is 
reduced by tin and hydrochloric acid in the presence of a trace of 
a platinum salt. We may say at once that we have repeatedly 
attempted to obtain dianthranyl according to these directions, but 
in every case have found that the sole product of the reduction is 
anthrone. Only in one experiment, in which the reduction was 
prolonged for several hours beyond the period specified by Eckert 
and Hofmann and in which it was carried out in a current 
of oxygen, was any dianthranyl isolated, and the yield in this 
case was very small. Neither have we been able to obtain 
dianthranyl by following the directions of Liebermann and 
Gimbel, although, judging by the fluorescence of the solutions 
obtained, it would seem that dianthranyl is produced in very small 
amount. 

In view of the difficulty experienced in obtaining dianthrany]l 
from anthraquinone by reduction with tin and hydrochloric acid 
a series of experiments was initiated in order to ascertain if it 
could be obtained by means of a different reducing agent, and at 
the same time an examination was also made of the behaviour 
of dianthrone on reduction. The present communication contains 
an account of this work, together with some account of the properties 
of dianthrone. 

Anthrone (I) is very stable towards reduction with tin and 
hydrochloric acid in glacial acetic acid solution, with or without 
the addition of platinum, and is scarcely changed even after eight 
hours’ treatment under these conditions. On the other hand, it is 


* In the literature the name “ dianthryl”’ is usually given to this com- 
pound, but as the two anthracene ring systems are joined through the meso- 
carbon atoms the correct name is ‘“ dianthranyl” (Beilstein: ‘“‘ Handbuch 
der organischen Chemié,”’ 4th Ed., Vol. 1, p. 942). 


CH. 
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readily reduced by zine and hydrochloric acid and then undergoes 
the pinacol condensation. The resulting pinacol (II), however, 
cannot be isolated, as it loses water in two directions, giving 
dianthranyl (IIT) and the «-pinacolin (IV) : 


0,H Ox, H 
CHC Gey! co —> CH <6 >C(OH)-C(OH)<G% gq! >CH, 


4 
(I.) —— (II.) Mage 
N\ 


O C,H C,H 
CH <_ >} 0H LO Nee 
CH< ohio C< oH OR, ON OH” . NOH, cn 


(IV.) (III.) 


Schulze (Ber., 1885, 18, 3034), who isolated the pinacol by 
reducing anthraquinone with zinc dust and ammonia, stated that 
it passed into dianthranyl by loss of water when heated with acetyl 
chloride. He, however, only established the formula of the pinacol 
by taking the mean of three analyses in which the values for carbon 
and hydrogen varied between 85°79 and 86°86 per cent. and 5°56 
and 6°23 per cent., respectively, and hence his results can scarcely 
be accepted. 

The «-pinacolin is easily separated from the dianthranyl by 
taking advantage of the different solubilities of the two compounds 
in toluene. On prolonged boiling with hydrochloric acid in acetic 
acid solution, the ethylene-oxide ring appears to open with the 
formation of the pinacol (II) which, however, at once loses water 
and passes almost quantitatively into dianthranyl. Hence if the 
reduction of anthrone with zinc and hydrochloric acid is sufficiently 
prolonged (about eight hours), the sole product obtained is dian- 
thranyl, the yield of the recrystallised product being upwards of 
90 per cent. of that theoretically possible. This production of 
dianthranyl, together with the refusal of the compound to form 
either an acetate or a benzoate, supplies the necessary proof of 
the ethylene oxide structure. 

In view of the ease with which anthrone (I) passes by tautomeric 
change into anthranol (V), it seemed possible that a somewhat 
similar change of the three-carbon type might take place in the 
case of the «-pinacolin (IV), simultaneous rupture of the ethylene- 
oxide ring leading to an ether (VI), 


C,H, CoH, CoH, 

(V.) cHt ss So-0H CH, oH-0-04 SoH (VI.) 
\c.H.7” \7 pe 
— CoH, C,H, 
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The fact that the «-pinacolin is strongly fluorescent although it 
contains no “bridge”’ bond favoured this view, but no experi. 
mental proof of the existence of the ether has as yet been obtained. 
In view of the marked fluorescence of the «-pinacolin it was deemed 
advisable to study the behaviour on reduction of some anthrone 
derivative in which no labile hydrogen atom was present. Di- 
benzylanthrone was selected for this purpose, as it is readily 
obtained by condensing benzyl chloride with anthrone (Hallgarten, 
Ber., 1888, 21, 2508). It was found to be much more resistant 
than anthrone to reduction with zinc and hydrochloric acid, but 
by substituting zinc dust for the granulated metal it is readily 
converted into an «-pinacolin derivative (VII), although the 
corresponding diphenylanthrone on reduction with zine and acetic 
acid gives only diphenyldihydroanthracene (Liebermann and 
Lindenbaum, Ber., 1905, 38, 1803). 


C,H, C,H, 


(CH,Ph),CC ye Oreg O(CHPh), (VII.) 
C,H, 


This «-pinacolin was also found to be strongly fluorescent, although 
there is no possibility of the presence of a “ bridge’ bond. Since 


neither anthrone nor dibenzylanthrone shows any fluorescence, the 
fluorescence of these «-pinacolins must be derived from the ethylene 
oxide part of the molecule, and may be connected with the presence 
of the two spirocyclic carbon atoms. In connexion with the 
reduction of dibenzylanthrone, it is perhaps worth noting that 
the reaction is accompanied by the production of a very transient 
orange colour. According to Meerwein (Annalen, 1913, 396, 214), 
the pinacolin change is always preceded by the ioss of water and 
the momentary formation of a free radicle, and if this view is 
correct the transient orange colour may be due to the change from 
the free radicle to the «-pinacolin being rather slower than is usually 
the case. 

It is remarkable that dianthranyl had previously been prepared 
by several investigators, reference to whose work has been made 
in the foregoing, and that they all give its melting point as 300°. 
The present investigation, however, has shown that this figure is 
much too low, as the properly purified hydrocarbon does not melt 
at 360°. The substance described in the literature must therefore 
be an impure mixture, and this view is supported by statements 
made by previous investigators with regard to it. Thus Lieber- 
mann and Gimbel (loc. cit.) state that their dianthranyl, when 
treated with exactly two molecules of bromine in cold carbon 
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disulphide solution, gives chiefly dibromodianthranyl together with 
some dibromoanthracene. Although, as is shown in the sequel, 
the dianthranyl] ring system is unstable under some conditions and 
tends to break down, it is improbable that this change would take 
place under the experimental conditions specified, and it is much 
more probable that the dibromoanthracene obtained by Lieber- 
mann and Gimbel originated with anthracene present as an impurity 
in the dianthranyl, more especially as Liebermann and Gimbel 
themselves state that their method of preparing dianthranyl leads 
to the simultaneous production of considerable amounts of anthr- 
acene. Further, Gimbel (Ber., 1885, 18, 2433) states that the 
analysis of dianthranyl derivatives is very difficult and almost 
always leads to low values for carbon and nitrogen. It is probable 
that these low values are to be attributed rather to the great 
difficulty of obtaining the compounds pure than to any inherent 
difficulty in the analytical operations. Finally, all previous 
investigators have described dianthranyl as being yellow, whereas 
when purified by our method it is quite colourless. It is also 
remarkable that although all previous investigators have purified 
their product by recrystallisation from toluene, none of them 
appears to have observed that dianthranyl separates from this 
solvent with toluene of crystallisation, although the crumbling of 
the crystals on drying is very noticeable. 

As is well known, the “ bridge’ bond in the anthracene ring 
system acts almost exactly like a double bond in many respects. 
If it be regarded as equivalent to a double bond, then the meso- 
carbon atoms in dianthranyl form a conjugated system and bromine 
might be expected to add on to the extreme ends of the system, 
giving a dibromide (VIII) which would not lose hydrogen bromide : 


C,H, y gly 
(VIII) HBr 


Experiment has shown, however, that when dianthranyl is treated 
with exactly one molecular proportion of bromine torrents of 
hydrogen bromide are at once evolved and a mixture of dibromo- 
dianthranyl and unchanged dianthranyl is formed. 

The greater resistaftice shown by anthrone to reduction with tin 
and hydrochloric acid as compared with zine and hydrochloric acid 
led us to compare the behaviour of anthraquinone under similar 
conditions. Liebermann and Gimbel (loc. cit.) and K. Meyer 
(loc. cit.) have described the preparation of anthrone by reducing 
anthraquinone, suspended in glacial acetic acid,, with tin and 
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hydrochloric acid, and we have prepared considerable amounts of 
anthrone by this method and have found that the reaction proceed 
rapidly and smoothly. If, on the other hand, zinc is substituted 
for tin, reduction only takes place very slowly. Anthrone seems 
to be formed as an intermediate product, but is then rapidly reduced, 
so that when the whole of the anthraquinone has disappeared 
almost the sole product obtained is dianthrany]. 

The reduction of dianthrone (IX) by tin and hydrochloric acid 
in the presence of a small amount of a platinum salt has been 
described by Eckert and Hofmann (loc. cit.), who state that they 
obtained a compound which melted at 150—153°. This they 
regarded as tetrahydrodianthranol (X) and quote analyses in 
agreement (Found: C = 85:8; H = 5°86 per cent.). 


CO<f¢y!>CH: CHC >CO (IX.) 


H 
omen <otiocron SHH OH (X.) 


They further state that when the compound is heated alone or 
with acetic anhydride it loses water and gives dianthranyl. We 
have repeated their experiments and find that the reduction of 
dianthrone certainly leads to a compound melting at 154°, but 
this compound does not pass into dianthranyl by loss of water. 
Further, it is easily soluble in boiling dilute sodium hydroxide 
solution, and we have fully identified it as anthrone by direct 
comparison with a sample of anthrone obtained from another 
source, and by the preparation of anthranyl acetate and benzoate 
and of dibenzylanthrone, and the comparison of all these with 
samples of the same substances made from anthrone prepared 
by a different method. It is rather difficult to understand the 
mistake in identification made by Eckert and Hofmann, as 
there is an appreciable difference in the percentage composition of 
anthrone and tetrahydrodianthranol (C,,H,90 requires C = 86°6; 
H = 5°15 per cent. C,,H,.O, requires C = 86:1; H = 5°64 per 
cent.). 

The production of anthrone by reducing dianthrone is a very 
remarkable reaction, for, as will be seen from the formule, both 
carbonyl groups remain unaltered while rupture of a bond between 
two carbon atoms takes place. The reactions all the more curious 
when it is remembered that dianthrone is a very stable compound 
and can be recrystallised unchanged from boiling concentrated 
nitric acid. Also the tendency to form dianthrone from anthrone 
or anthranol is very great. Thus Dimroth (Ber., 1901, 34, 222) 
obtained it in quantitative yield by oxidising anthranol with 
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ferric chloride, and Padova obtained it by treating anthranol with 
phenanthraquinone (Compt. rend., 1909, 149, 217) or sulphur 
(ibid., 1908, 148, 292). We have also obtained it as the sole 
product when attempting to condense triphenylcarbinol with 
anthrone in the presence of zinc chloride. 

The great ease with which anthrone is formed from dianthrone 
by reduction shows, however, that the dianthranyl ring system 
must become unstable under certain conditions. Further examples 


been of this instability are to be found in the literature, as Sachse (Ber., 
they 1888, 21, 1183) has found that dianthranyl, by treatment with 
they chlorine or bromine, gives dichloro-(or bromo-)anthracene dichloride 
Ss in 


(or dibromide), although, as previously pointed out, these results 
are possibly to be attributed to anthracene present as an impurity 
in the dianthranyl used. More definite evidence lies in the pro- 
duction of dihydroanthracene by the reduction of dianthranyl by 
hydriodic acid and red phosphorus at 200°, and the easy and 
complete conversion of tetrahydrodianthranyl into dibromo- 
anthracene by the action of bromine in carbon disulphide solution 
(Sachse, Ber., 1888, 21, 2512). 

If the single bond which joins the two anthracene ring systems 
in dianthrone shows certain lack of stability, the corresponding 
double bond in dianthraquinone (XII) should be even less stable. 
The change in colour from yellow to green on warming solutions of 
dianthraquinone may be due to a tendency of the double bond to 
rupture with the formation either of a free radicle containing two 
carbon atoms in the tervalent state, or, more probably, of a substance 
in which the two free valencies only partly satisfy one another 
(compare Scholl, Ber., 1921, 54, [B], 2376). The fact that di- 
anthraquinone can be recrystallised unchanged from fuming nitric 
acid is against this view, but some evidence has been obtained 
which points to a tendency of dianthranyl derivatives to dissociate. 
We are endeavouring to obtain more definite proof of this and 
therefore reserve further discussion for a future communication. 

Since dianthrone is easily obtained from anthracene by treating 
it with nitric acid in acetic acid (Dimroth, loc. cit.), the reactions 
described above provide a ready means of preparing both anthrone 
and dianthranyl, the former being conveniently obtained directly 
from anthracene without isolating any intermediate product. 
Details of these preparations will be found in the experimental 
part of this communication, but it may here be remarked that this 
method of preparing anthrone is more convenient and more 
economical than the method previously described by one of us 
(Barnett and Cook, T., 1921, 119, 906) in which dihydroanthra- 
quinyl dipyridinium dibromide is prepared as an intermediate stage. 
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The enolisation of dianthrone (IX) to dianthranol (XI) takes 
place much less readily than the corresponding change of anthrone 
(I) to anthranol (V). 


C,H. C,H 

7 4 6 a\ Y 6 aN C H . Cc H 

OH-C7#— 07 , 64>" 6r24 

NH,” P No” 88 CO< oe >C C< of} 00 
(XI.) (XIL) 


Thus anthrone dissolves easily in hot dilute solutions of alkali 
hydroxides, whereas dianthrone only dissolves in alcoholic solutions, 
or in aqueous solutions when heated under pressure. K. Meyer 
and Sander (Annalen, 1913, 396, 140) have shown that anthrone 
is almost completely enolised in pyridine solution, and indeed in 
many cases pyridine seems to favour the enolisation of ketonic 
compounds. Thus Claisen (Annalen, 1896, 291, 106; 1897, 297, 
2; Ber., 1900, 33, 1243) has shown that ethyl acetoacetate and 
other similar compounds give O-acyl derivatives on treatment with 
acid chlorides in the presence of pyridine, and other examples could 
be cited. It therefore seemed probable that dianthrone would be 
enolised by this reagent, and experiment has fully justified this 
view, enolisation being practically complete after boiling for two 
hours. Since dianthranol (XI) is easily oxidised to dianthraquinone 
(XII), this reaction has rendered the preparation of this interesting 
compound easy. The oxidation can be effected by ferric chloride, 
potassium permanganate, or potassium hypoiodite (H. Meyer, 
Monatsh., 1909, 30, 174; D. R.-P. 223,210), or by potassium 
persulphate or hydrogen peroxide (H. Meyer, Bondy, and Eckert, 
ibid., 1912, 33, 1447), but we have found that in the laboratory it 
is more convenient to effect the oxidation by adding bromine to 
the cold suspension of dianthranol in pyridine. Under these 
conditions, the dianthraquinone is obtained as an additive compound 
with pyridine, but this is easily decomposed by acid. 

Padova (Compt. rend., 1909, 148, 290) has stated that dianthra- 
quinone is also obtained when dianthranol is oxidised in pyridine 
solution with amyl nitrite. He gives no experimental details and 
his statement has been contradicted by H. Meyer, Bondy, and 
Eckert (loc. cit.), who claim to have proved that the product 
obtained by Padova was nothing but a mixture of anthraquinone 
and unchanged dianthranol. We have examined the reaction and 
find that Padova’s claim is correct and that dianthraquinone is 
easily obtained when a boiling pyridine solution of dianthranol is 
treated with amyl nitrite. Nitrogenous products, however, are 
formed at the same time and these are at present under investig- 
ation. Padova’s description of the properties of dianthraquinone 
is quite erroneous. 
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ExPERIMENTAL. 


Dianthrone—The preparation of dianthrone by the action of 
nitric acid on anthracene has previously been described by Dimroth 
(loc. cit.), who, however, gives very scanty details of the preparation. 
We have found the following method to give very satisfactory 
results. 

One hundred grams of technical refined anthracene (about 
95 per cent.) is powdered as finely as possible and suspended in 
400 c.c. of glacial acetic acid. Thirty-five c.c. of concentrated 
nitric acid (d 1°420) are then run in fairly rapidly, the whole being 
well shaken. The anthracene slowly dissolves and the temperature 
rises to about 30°, but unless it tends to rise above this point cooling 
is not necessary. After keeping for about forty minutes with 
occasional shaking, the solution is filtered from a little undissolved 
anthracene, and the clear filtrate heated on the water-bath under 
reflux for one to one and a half hours. Torrents of nitric oxide 
are evolved and dianthrone crystallises out from the hot liquid. 
Without cooling, this is collected and washed with a little glacial 
acetic acid. The yield is about 60 grams and the substance is 
almost pure. By boiling the filtrate for a few minutes under reflux 
and then cooling, a further amount (25—30 grams) is obtained, but 
this is always less pure and contaminated with anthraquinone. 

In the majority of our experiments we employed a particularly 
fine sample of commercial anthracene which was obtained from the 
South Metropolitan Gas Co., and the crude dianthrone then formed 
glistening, yellow crystals which gave a negative result when tested 
for anthraquinone by the usual anthraquinol test. When samples 
of commercial anthracene obtained from other sources were 
employed, it was found that the dianthrone was always contamin- 
ated with anthraquinone. The separation of these two compounds 
is easily effected by taking advantage of the fact that dianthrone 
is unaffected by boiling with zinc dust and dilute sodium hydroxide, 
whereas, as is well known, anthraquinone is reduced to anthra- 
quinol, which dissolves in the alkali. The impure crude dianthrone 
was therefore repeatedly boiled with zinc dust and large volumes 
of dilute sodium hydroxide until such treatment no longer produced 
a red solution. After washing, excess of zinc dust was removed 
by digestion with dilute hydrochloric acid, and the dianthrone 
finally well washed and dried in the oven. Thus obtained, it formed 
a yellow, sandy powder which is quite pure enough for most 
purposes. 

Dianthranol.—Ten grams of dianthrone were boiled under reflux 
with 75 c.c. of pyridine for two hours. On cooling the resulting 
dark-coloured solution, dianthranol separated in fine leaflets, 
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which were very difficult to filter. It was identified by its easy 
oxidation to dianthraquinone, by its solubility in alkali hydroxide 
solutions, and by the preparation of the diacetate and dibenzoate. 

Dianthranol Diacetate—Five grams of dianthrone were enolised 
by boiling with pyridine as described above. The solution was 
then cooled as rapidly as possible and the resulting suspension of 
dianthranol treated with 7 c.c. of acetic anhydride. The dian. 
thranol dissolved almost at once and after heating on the water-bath 
for thirty minutes the whole was kept at the ordinary temperature 
over-night, The yellow crystals were then collected and twice 
recrystallised from glacial acetic acid. This acetate has previously 
been prepared by H. Meyer (Monatsh., 1909, 30, 165) by heating 
dianthranol with acetic anhydride and sodium acetate, and he 
gives the melting point as 273—275°. Eckert and Hofmann 
(tbid., 1915, 36, 501), who obtained it by oxidising dianthranyl 
with lead dioxide in glacial acetic acid solution, give the melting 
point as 284°. Our sample melted at this latter point after darken- 
ing and sintering at about 275°. The melting point was not 
changed by further recrystallisation from either glacial acetic acid 
or alcohol. 

Dianthranol Dibenzoate.—Benzoyl] chloride (10 c.c.) was added 
drop by drop to a cold suspension of dianthranol in pyridine, 
obtained as described above from 10 grams of dianthrone. The 
dianthranol dissolved, and on keeping over-night at the ordinary 
temperature a yellow precipitate separated. This was collected 
and washed first with pyridine and then with ether. It was then 
thoroughly triturated with cold sodium carbonate solution, washed 
with a large volume of cold water, and finally dried for several days 
in a vacuum desiccator (Found: C = 85:0; H= 4°45. Cy, H,,0, 
requires C = 84°9; H = 4°38 per cent.). Dianthranol dibenzoate 
forms a sulphur-yellow powder which darkens on exposure to light. 
It can be recrystallised from aqueous pyridine or a mixture of 
benzene and light petroleum. It does not melt below 350°. 

Dianthraquinone.—(a) Ten grams of dianthrone were enolised by 
boiling with 75 c.c. of pyridine as described above. The cold 
suspension of dianthranol was then treated slowly with a solution 
of 4:2 grams of bromine in 25 c.c. of pyridine. The addition of 
each drop of the bromine solution produced an intense green colour, 
but this vanished rapidly on shaking. After the bromine had 
been added, the whole was kept at the ordinary temperature for 
an hour, and the crystals then collected and washed first with 
pyridine and then with ether. The product thus obtained is well- 
crystallised and appears to be an additive compound of dianthra- 
quinone and pyridine, as it contains nitrogen but no bromine and 
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does not become green on rubbing. Owing to its instability, it 
could not be purified for analysis. The pyridine is lost on washing 
with water, but the dianthraquinone is then obtained in a very 
fnely divided state and is almost impossible to filter. The best 
method of decomposing the additive compound is to add it little 
by little to boiling dilute hydrochloric acid. The yield of dianthra- 
quinone is about 7 grams, and by pouring the pyridine liquors into 
a large volume of dilute hydrochloric acid a further 2°5 grams of 
rather less pure material can be obtained. It can be recrystallised 
from boiling xylene, in which, however, it is but sparingly soluble. 

(6) Ten grams of dianthrone were enolised by boiling with 
pyridine as described above, and to the still boiling solution 10 c.c. 
of amyl nitrite were added fairly rapidly from a dropping funnel. 
The whole was boiled vigorously for a further period of fifteen 
minutes and the green solution then cooled. The dianthraquinone 
was collected and purified as described above. 

Reduction of Dianthrone. Preparation of Anthrone.—One hundred 
grams of dianthrone, 75 grams of granulated tin, 500 c.c. of glacial 
acetic acid, and a few drops of a dilute solution of platinum chloride 
were boiled under reflux, and 50 c.c. of fuming hydrochloric acid 
slowly added. The whole of the dianthrone dissolved in about 
forty minutes and the boiling was continued for a further period 
of twenty minutes, and the hot solution then filtered. After 
cooling, the anthrone was collected and washed first with glacial 
acetic acid, then with hot dilute hydrochloric acid, and finally with 
water. The yield was 77 grams, and a further 15 grams of rather 
less pure material were obtained by diluting the acetic acid liquors. 
After drying in a vacuum desiccator, the sample melted at 154°. 
alone or mixed with anthrone obtained from another source. In 
order to complete the identification, part of the anthrone was 
converted into anthranol acetate and benzoate, and these were 
identified by the method of mixed melting points. The acetate 
was made by dissolving 5 grams of anthrone in 35 c.c. of pyridine 
and then adding 5 c.c. of acetic anhydride. After heating on the 
water-bath in a current of carbon dioxide for two hours, the solution 
was diluted with water and cooled. The precipitate was collected, 
washed, and twice recrystallised from alcohol. It then sintered 
at 128° and melted at 132—134°. This is a more convenient 
method of preparation than that described by Liebermann and 
Topf (Annalen, 1882, 212, 8; Ber., 1876, 9, 1202), who heated 
anthrone with acetic anhydride at 160—170° in a sealed tube. 
They give the melting point of the acetate as 126—131°. 

The benzoate was prepared in pyridine solution by means of 
benzoyl chloride (5 grams of anthrone, 35 c.c. of pyridine, and 
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5 c.c. of benzoyl chloride), but the solution was only warmed very 
gently for ten minutes. It is best purified by recrystallisation 
from a mixture of one volume of pyridine and three volumes of 
alcohol, and then melts at 170—172°. Padova (Compt. rend., 
1906, 143, 121), who prepared it by boiling anthranol with benzoyl 
chloride in pyridine solution, gives the melting point as 163—165°, 

In the above preparation of anthrone, granulated zinc can be 
substituted for the tin, but if this is done it is essential to stop 
the reaction as soon as the dianthrone has dissolved, as otherwise 
the reaction will go too far. 

For the preparation of anthrone, it is quite unnecessary to isolate 
the dianthrone, and excellent results are obtained if anthracene 
(20 parts) is dissolved in acetic and nitric acids as described on 
page 387 and the filtered solution then heated first on the water. 
bath and then to boiling under reflux until no more gas is evolved. 
The nitric oxide is then removed by a current of carbon dioxide, 
and, without cooling, granulated tin (10 paris) and a few drops of 
a platinum chloride solution are added. The reduction is then 
carried out as described above. The yield of anthrone is 17 parts, 
and further amounts can be obtained by concentrating or diluting 
the liquors. The anthrone thus obtained is slightly yellow in 
colour, but is quite pure enough for almost all purposes. 

Reduction of Anthrone. Preparation of Dianthranyl.—(a) Twenty- 
five grams of anthrone and 15 grams of granulated zine were boiled 
under reflux with 125 c.c. of glacial acetic acid, and 15 c.c. of fuming 
hydrochloric acid added drop by drop. After about fifteen minutes, 
glistening crystals began to separate from the boiling solution, and 
at the end of a further hour the solution had become pasty. The 
reaction was then stopped, and after cooling, the crystals were 
collected and washed with glacial acetic acid, dilute hydrochloric 
acid, and water. The product was dried in the steam-oven and 
then dissolved in boiling toluene. The filtered solution, on cooling, 
deposited glistening, yellow crystals of the toluene additive com- 
pound of dianthranyl, but these lost their toluene and fell to a 
powder on drying in the steam-oven. The yield was 9 grams. 
For analysis, it was recrystallised three times from pyridine and 
then once from carbon tetrachloride and once from benzene. It 
then formed a snow-white, crystalline powder which did not melt 
at 360° (Found: C = 94:5; H = 5°31; M (naphthalene solution) 
= 342. Cale., C= 94:9; H = 5-09 per cent.; M = 354). The 
purification by means of carbon tetrachloride and benzene is very 
troublesome owing to the slight solubility of dianthrany] in these 

solvents, but unless these solvents were used it was found impossible 
to obtain a pure substance. 
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The toluene liquors from which the dianthranyl had separated 
were concentrated by distillation and finally taken to dryness on 
the water-bath in a vacuum. The residue was thoroughly washed 
with ether and recrystallised from a mixture of methyl ethyl ketone 
and: alcohol, and then formed an almost colourless, crystalline 
powder. The yield was 9 grams. For analysis, it was recrystallised 
successively from a mixture of chloroform and light petroleum, 
pyridine and water, pyridine and absolute alcohol, and finally 
from a mixture of benzene and ether. It then melted sharply at 
219° and the melting point was not changed by several subsequent 
crystallisations from various solvents (Found : C=900; H= 
547. CygH. 90 requires C = 90°3; H = 5°38 per cent.). 

a-Anthrapinacolin (Ethylene Oxide dispiro-9 : 10 : 9’ : 10’-Dihydro- 
anthracene) (Formula IV) is almost insoluble in alcohol, ether, 
acetone, or light petroleum, but casily soluble in most other media. 
Its solutions, especially those in the aromatic hydrocarbons, exhibit 
a violet fluorescence which is redder and less strongly marked than 
that shown by dianthranyl. It gives an acetyl derivative neither 
when heated with pyridine and acetic anhydride nor when boiled 
with acetic anhydride and sodium acetate under reflux. Two 
grams, when boiled under reflux for eight hours with 50 c.c. 
of glacial acetic acid with the slow addition of 15 c.c. of fuming 
hydrochloric acid, passed into dianthranyl, the yield of the 
recrystallised hydrocarbon being 1°4 grams. 

(b) Twenty grams of anthrone, 20 grams of granulated zinc, and 
100 c.c. of glacial acetic acid were beiled under reflux for eight 
hours, 40 c.c. of fuming hydrochloric acid being added slowly 
during the first five hours. After cooling, the precipitate was 
collected, washed, dried, and recrystallised from toluene. The 
yield of dianthranyl was 16 grams, and on evaporating the toluene 
liquors to dryness no «-pinacolin was found. This is the best 
method of preparing dianthranyl, as although it can be obtained 
directly from anthracene without isolating the anthrone the method 
is not satisfactory. 

Reduction of Dibenzylanthrone.—Dibenzylanthrone was prepared 
from anthrone and benzyl chloride according to the directions 
given by Hallgarten (loc. cit.). The yield of the crude product was 
29 grams from 40 grams of anthrone. It was purified by recrystal- 
lisation first from aqueous pyridine and then from a mixture of 
benzene and light petroleum. The purified product melted at 
227°, and the melting point was not changed by further recrystal- 
lisation from a mixture of chloroform and light petroleum. The 
melting point given by Hallgarten, 217°, is therefore too low. 
Ten grams of pure dibenzyl anthrone were boiled under reflux 
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with 50 c.c. of glacial acetic acid. To the boiling solution 5 grams 
of zinc dust were added in three portions, and 5 c.c. of fuming 
hydrochloric acid dropped in slowly. The addition of each drop 
of acid gave rise to a transient orange colour. At the end of three 
hours the reaction was stopped, and after cooling, the precipitate 
was collected, washed with dilute hydrochloric acid and water, 
and dried in a vacuum desiccator. The crude product was 
thoroughly washed with ether, which removed substances having 
low melting points, and then extracted with boiling benzene so 
long as the extracts showed a strong fluorescence. The united 
extracts were diluted with light petroleum, and the resulting 
almost colourless precipitate was dissolved in boiling pyridine and 
boiled with animal charcoal for an hour. The clear filtrate was 
diluted with alcohol and then a little water added. On cooling, a 
colourless, indistinctly crystalline powder separated which sintered 
at 235° and melted indefinitely at 260—270°. It was analysed in 
this state, and was then recrystallised from a mixture of toluene 
and light petroleum and again analysed, although the melting 
point had not altered (Found: C = 92°0, 92-1; H = 6°10, 6:16. 
C;,H,O requires C = 91°83; H = 6-01 per cent.). 
Tetrabenzyl-«-anthrapinacolin (formula VII) is very easily 
soluble in most media, but is almost insoluble in ether or light 
petroleum. Its solutions exhibit a vivid blue fluorescence. 


[With Ronatp Francis Hurt.] 


Khotinsky and Patzewitch (Ber., 1909, 42, 3104) have shown 
that triphenylcarbinol condenses easily with pyrrole under the 
influence of zinc chloride and gives an almost quantitative yield of 
triphenylpyrrylmethane. In view of the reactive nature of the 
meso-hydrogen atoms in anthrone, it seemed possible that a similar 
condensation might take place between this compound and tri- 
phenylearbinol, with the formation of triphenylmethylanthrone, 


CPhy CH<G% > CO. 


Such a compound would be of considerable interest as it, or its 
enolic isomeride, would tend to dissociate into free radicles. 
Attempts were therefore made to condense triphenylcarbinol with 
anthrone, but the sole product obtained was dianthrone. It would 
therefore appear that triphenylearbinol acts as an oxidising agent. 
This seems scarcely likely, and a more reasonable explanation is 
that triphenylmethylanthrone is actually first formed and then 
dissociates into triphenylmethyl and an anthrony] radicle, two of 
these latter subsequently uniting to form dianthrone. It may be 
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oe pointed out that a similar reaction may possibly account for the 
o abnormal production of dianthrone and free bromine when bromo- 
Top BH anthrone is treated with certain amines (Barnett, Cook, and 


hree Grainger, T., 1922, 121, 2063). In these cases, a quaternary salt 
tate Ff i, probably first formed, which then dissociates into free radicles. 
ater, Bf The reaction is simplest in the case of dimethylaniline, and in this 
Was # case can be represented as follows : 


ving Br 

2 80 nll 1 

ited CO<¢'qi > CH-NMe,PhBr —> CO< Gq >CH- + -NMe,Ph 
ting Y 

and NMe,Ph + Br. 
was 


This explanation is put forward with some reserve, pending a more 


a detailed examination of the reaction. As one of us (R. F. H.) is 
F unable to continue the work, it is thought best to publish this 
in : : : 

short note and reserve a fuller discussion for a future occasion. 


ing Ten grams of anthrone, 13 grams of triphenylearbinol, and 

about 10 grams of zinc chloride were boiled under reflux with 
400 c.c. of glacial acetic acid for eight hours, a current of carbon 
dioxide being passed during the whole time to prevent oxidation 
by atmospheric oxygen. After cooling, the precipitate was col- 
lected and recrystallised several times from a mixture of chloroform 
and light petroleum. The resulting colourless crystals were 
identified as dianthrone by direct comparison with a sample of 
the substance from a different source, by the usual colour reactions 
i” and by a quantitative oxidation to anthraquinone (Found: 
anthraquinone = 107°1. Calc., 107°8 per cent.). 


of 
le Summary. 
d (i) Anthrone is very stable towards reduction with tin and 


‘ hydrochloric acid, but is easily reduced by zine and hydrochloric 
’ acid, and then gives a mixture of «-anthrapinacolin and dianthranyl, 
the former passing into the latter on further treatment with 
hydrochloric acid. 

(ii) Dianthrone on reduction with hydrochloric acid and either 
tin or zinc passes into anthrone. 
é (iii), Dianthrone is almost completely enolised to dianthranol by 
| boiling with pyridine. 

(iv) Convenient methods for the preparation of anthrone (direct 
| from anthracene), dianthrone, dianthranol, dianthraquinone, and 
| dianthranyl have been worked out. 
| (v) Some evidence has been accumulated which points to a 
tendency on the part of the meso-carbon atoms of the anthracene 
ring system to act in the tervalent state. 
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XLVII.—Derivatives of Semioxamazide. Part I. 
Ketonic Semioxamazones. 
By Forsyta JAMEes WILSON and Eric CHARLES PICKERING. 


SEMIOXAMAZIDE, NH,*NH-CO-CO-NH,, prepared by Kerp and 
Unger (Ber., 1897, 30, 585), was found to react readily with alde- 
hydes, giving semioxamazones of the type CHR:N-NH:CO-CO-NH, ; 
it reacted much less readily, however, with ketones. A further 
investigation was carried out by Radcliffe and Loo (Perf. and 
Essent. Oil Rec., 1919, 10, 39), who also found that the reaction 
was a general one for aldehydes, but that the application to ketones 
was limited; no acetone derivative, for example, could be obtained, 
as had been already noted by Kerp and Unger. 

We have found that the reaction between semioxamazide and 
ketones is far more general than the literature indicates, and have 
worked out what appears to be a general method for the prepar- 
ation of such ketonic derivatives. The semioxamazones of the 
lower aliphatic ketones are very easily hydrolysed by water alone, 
so that dry solvents should be employed; in this way, the acetone 
derivative can be easily prepared. The reaction between ketones 
and semioxamazide in absolute alcohol is accelerated to a re- 
markable extent by the addition of a small quantity of iodine (see 
experimental part). 

The method we have adopted is to heat on the water-bath the 
calculated quantities of ketone and finely powdered semioxamazide 
in absolute alcohol. A small quantity of iodine is added to the 
boiling liquid, the semioxamazide, which is insoluble in alcohol, 
rapidly dissolves, and the semioxamazone separates on cooling. 
In the case of unsaturated ketones, we have avoided the use of 
iodine, and have simply heated the ketone and semioxamazide in 
absolute alcohol until solution is complete. The use of iodine in 
anil formation is referred to by Knoevenagel (J. pr. Chem., 1914, 
[ii], 89, 37). 

We have prepared the semioxamazones of the following ketones 
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0 the § —acetone, methyl ethyl ketone, methyl isopropyl ketone, methyl 
dine, § isobutyl ketone, mesityl oxide, acetophenone, benzylacetone, 
y for | styryl methyl ketone, and phenyl p-tolyl ketone. With the excep- 
h. tion of the semioxamazones of acetophenone and styryl methyl 


ketone, which have been already prepared by Kerp and Unger 
and by Radcliffe and Loo, respectively (loc. cit.), these derivatives 
do not appear to have been previously described. Styryl methyl 
ketone semioxamazone is markedly phototropic, rapidly changing 
from white to yellow on exposure to light. 

The ketonic semioxamazones give monosodium and mono- 
potassium derivatives which are very readily decomposed by 
moisture; these are described in the experimental part. They 
are presumably derived from the semioxamazone by the replace- 
ment of the imino-hydrogen by metal. We have also prepared a 


and monosodium derivative of semioxamazide itself. 

Ide- We propose to continue the investigation of these semioxamaz- 
H,; ones and their metallic derivatives, and also to study the action of 
her iodine in similar reactions. 


EXPERIMENTAL. 


ons Acetonesemioxamazone, CMe,.N-NH-CO-CO-NH,.—Five grams of 
ed, dry semioxamazide were heated with 30 c.c. of dry acetone on the 

water-bath for one hour, when the semioxamazide had completely 
ad dissolved ; in presence of a little iodine, three minutes were sufficient. 
we The product which separated on cooling crystallised from acetone 
a. in long, white needles melting at 147° (Found : N = 29°5. C;H,O,N3 
the requires N = 29°4 per cent.). The same substance was obtained 
ne, by heating the calculated quantities of dry semioxamazide and 
ne dry acetone in absolute alcohol for forty minutes, or for two minutes 
_ in presence of a little iodine, and separated on cooling. 
i Methyl Ethyl Ketone Semioxamazone, CMeEt:N-NH:CO-CO-NH,, 
- was prepared by the same methods as the acetone derivative, in 

the first method forty-five minutes being required without iodine 
* and one minute with iodine, and in the second method, ninety 
ie minutes without iodine and three minutes with iodine. The sub- 
be stance was recrystallised from absolute alcohol, from which it 
1 separated in small, colourless needles melting at 127° (Found: 
g. N = 268. C,H,,0,N, requires N = 26°7 percent.). Like acetone- 
of semioxamazone, it is hydrolysed on warming with moist ether or 
n ilute alcohol. 
n Methyl isoPropyl Ketone Semioxamazone, 
1, CMePr®-N-NH-CO-CO-NH,, 

was prepared as in the previous cases; heating in absolute alcohol 
. required seventy minutes without iodine and ten minutes with 


iodine. Recrystallisation from absolute alcohol gave colourless 
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needles melting at 143° (Found: N = 24°7. ©,H,,0.N, requires 
N = 24°5 per cent.). 
Methyl isoButyl Ketone Semioxamazone, 
C,H,*CMe:N-NH:CO-CO-NH,. 

—This semioxamazone is apparently not hydrolysed by water and 
was obtained by heating a concentrated aqueous solution of seni- 
oxamazide with the calculated quantity of the ketone in alcoholic 
solution for about half an hour, a method which was quite in. 
effective in the previous cases. The substance separated from the 
reaction mixture, on cooling, in colourless needles which, after 
recrystallisation from alcohol, melted at 133° (Found: N = 22°9, 
C,H,,0,N, requires N = 22°7 per cent.). 

Mesityl Oxide Semioxamazone, CMe,,;CH:CMe:N:-NH:CO-CO-NH,, 
was prepared in the same way as methyl isobutyl ketone seni- 
oxamazone, one hour’s heating being necessary, or by heating the 
ketone in absolute alcohol with semioxamazide. On cooling, the 
semioxamazone slowly separated as a white powder, which was 
obtained in colourless plates, melting at 163—164° after recrystal- 
lisation from alcohol (Found: N = 23:0. C,H,,0,N, requires 
N = 22:9 per cent.). 

Acetophenonesemioxamazone, CPhMe:N-NH:-CO-CO-NH,, _ has 
already been described by Kerp and Unger and by Radcliffe and 
Loo (loc. cit.). We have prepared it by heating the ketone with 
semioxamazide in absolute alcohol without iodine (one hour) or 
with iodine (five minutes). 

Benzylacetonesemioxamazone, CH,Ph-CH,*CMe:N-NH:CO-CO-NH,, 
was obtained: by heating 2 grams of the ketone and 1 gram of 
semioxamazide in 20 c.c. of absolute alcohol without iodine (three 
hours) or with iodine (four minutes), The semioxamazone, which 
separated on cooling, was washed with ether and recrystallised 
from alcohol, from which it was deposited in small, colourless 
needles melting at 125° (Found: N = 18°3, 18:1. C,,H,;0,N; 
requires N = 18:0 per cent.). 

Styryl Methyl Ketone Semioxamazone, 

CHPh:CH-CMe:N-NH-CO:-CO-NH,, 
was prepared by the method described by Radcliffe and Loo, who 
give the melting point as 211—212°; we found that it melted at 
220—221° (Found: N=181. Calc., N =18°1 per cent.). It 
rapidly becomes yellow on exposure to light, the melting point 
remaining unchanged. 

Phenyl p-Tolyl Ketone Semioxamazone, 

C,H,-CPh:N-NH:CO-CO-NH,, 
obtained by heating molecular quantities of the ketone and semi- 
oxamazide in absolute alcohol with a little iodine, formed colour- 
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less prisms melting at 197° after recrystallisation from alcohol 
(Found: N= 150. C,gH,,0,N3 requires N = 14°9 per cent.). 


Metallic Derivatives of the Semioxamazones and of 
Semioxamazide. 


These metallic derivatives were prepared by heating on the 
water-bath the semioxamazone or semioxamazide, dissolved or 
suspended in absolute alcohol, with sodium ethoxide (1 mol.), or 
potassium hydroxide, dissolved in absolute alcohol. The semi- 
oxamazone or semioxamazide, if in suspension, soon dissolved to a 
yellow solution, and after boiling for a short time the metallic 
derivative was precipitated as a powder. Sometimes the pre- 
cipitation was rather slow; in such a case the alcoholic solution 
was cooled and then poured into a large volume of dry ether. 
The metallic derivative was collected, washed with absolute alcohol, 
in which it was sparingly soluble or insoluble, and dried in a vacuum 
over sulphuric acid. These metallic derivatives are colourless 
powders with the exception of those of styryl methyl ketone semi- 
oxamazone, which are pale yellow, and are all decomposed more or 
less readily by moisture. The compounds described below were 
prepared. 

(a) Sodiwm derivative of : 

Acetonesemioxamazone. Found: Na = 13°5,14°0. Cs;H,O,N,Na 
requires Na = 13°9 per cent. 

Methyl ethyl ketone semioxamazone. Found: Na = 12:1. 

C,H ,)0.N,Na 
requires Na = 12°8 per oa. 

Mesityl oxide semioxamazone. Found: Na = 10° 8. C,H,,0,N,Na 
requires Na = 11:2 per cent. 

Styryl methyl ketone semioxamazone. Found: Na = 8°8, 8°9. 
C12H,2O0,.N,Na requires Na = 9°1 per cent. 

Semioxamazide. Found: Na= 180, 184. C,H,O,N,Na re- 
quires Na = 18°4 per cent. 

(b) Potassium derivative of : 

Acetophenonesemioxamazone. Found: K = 15°9. CygHy0.N3K 
requires K = 16°0 per cent. 

Styryl methyl ketone semioxamazone. Found: K = 14°4, 14°4, 
Cjo9H20,N,K requires K = 14:5 per cent. 

ORGANIC CHEMISTRY DEPARTMENT, 


THe Royat TECHNICAL COLLEGE, 
GLASGOW. (Received, December 28th, 1922.] 
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XLVIII.—The Densities of Dilute Solutions of Potassium 
Salts and the Volume Changes Occurring on Solution. 


By Harotp Hartiey and Witt1AM HENRY BARRETT. 


IN a previous communication, the authors made a critical examin. 
ation of the conditions under which accurate determinations of 
density could be made with pyknometers of comparatively small 
capacity (T., 1911, 99, 1072). It was found that by using a pykno. 
meter of about 25 c.c. capacity and a counterpoise with a volume 
equal to the sum of the volumes of the glass of the pyknometer 
and of its liquid content when filled to the mark, the density of 
dilute aqueous solutions could be determined without difficulty 
with an accuracy of 2 or 3 units in the sixth decimal place. The 
densities are calculated from the expression 


,—a, Wa- Wi tA, 
W,—W,+4,),’ 


where d, and d, are the densities of solution and water, respectively 
(referred to water at 4° as unity); W,, W., and W, are the apparent 
weights in air of the pyknometer empty and filled with water and 
solution, respectively; A, is the density of the air at the time of 
the weighing W,; and V, is the volume of the liquid which fills 
the pyknometer up to the mark.* 

It is often assumed that if an accuracy approaching one part 
in a million is required in density determinations, pyknometers 
containing relatively large quantities of solution must be used, 
but a series of determinations of the density for dilute solutions 
of potassium salts at 18° has confirmed the results described in the 
previous paper, as duplicate determinations for the same solution 
agreed usually within 2 or 3 units and always within 5 or 6 units 
in the sixth decimal place. The presence of dissolved air intro- 
duces an uncertainty of one part in a million in the density of 
aqueous solutions at 18°. 

The potassium salts used were Merck’s purest, recrystallised 
from water several times, the crystals each time being drained 
on a porcelain centrifuge. The solutions were made up by weight. 
At least two or three determinations were made of the density of 
each solution, either with two different pyknometers or with two 
separate fillings of the same pyknometer. The details of the 
determinations are described in the previous paper. The mean 


* In the previous paper (loc. cit.), W, — 4,V, should be substituted for 
W, at the head of the first column of the first table on p. 1074. 
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value found for the density of each solution examined is given in 
column IV of the following table : 


Densities of Solutions at 18° and Total Contractions Occurring on 
Solution. 


II. ITI, IV. ¥. VI. 
Total contraction in c.c. 
Grams of Gram-mol, P y hs 
Density salt in of salt per per gram per gram-mol. 
of solid 1000 grams litre of d; of of dissolved of dissolved 
salts. of water. solution. solution. salt, salt. 


KCI 16-445 0-2189 1-008996 0-138 10-3 

di 1-986 4-132 0-05529 1-001316 0-157 
(Baxter) 2873 0-03844 1-000502 0-159 
0-9349 0-01252 —-0-999237 0-162 

0-6323 0-008467  0-999038 0-161 

0-4087 0-005473  0-998890 0-158 

0-2833 0-003794  0-998808 0-16, 

0-1836 0-002459  0-998744 0-16, 

0-0 0-998622 0-16, 


KBr 13-145 0-1099 1-007976 0-078 
d82-751 8-154 0-0682 1-004474 0-083 
(Baxter) 4162 0°0349 1:001623 0-086 

1-888 0-0158 0-999990 0-089 
0-0 0-090 


KI 23-077 0-1379 1-015300 0-048 
dis 3-126 9-546 0-0573 1-005569 0-050 
(Baxter) 7-286 0-0437 1-003940 0-052 

4-816 0-0289 1-002138 0-052 
0-0 0-053 


KCIO, 18-268 0-1478 1010042 0-056 
di 2-344 8-428 0-0685 1003978 0-064 
(Retgers) 6102 0-0496 1-002474 0-060 

1-014 0:00826  0-999268 0-065 
0-0 0-066 


KBrO, 18-417 0-1096 1-012138 0-039 
d 3-323 8-766 0-0523 1-005088 0-041 
(Clarke) 3-847 0-0230 1-001481 0-045 

2-233 0-0133 1-000282 0-046 
0-0 0-047 


KIO, 30-135 0-1399 1-023770 0-091 
d 3-979 12-651 0-0589 1-009268 0-095 
(Kremers) 3-926 0-0183 1-001949 0-100 

3-280 0-0153 1-001400 0-099 
0-0 0-100 


KNO, 20-097 0-1969 1-010775 0-084 
d 2-106 9-652 0-0950 1-004531 0-090 
(Bellatti 6-395 0-0630 1-002546 0-090 

and 3-009 0-0297 1-000481 0-093 
Finazzi) 1-549 0-0153 0-999581 0-095 
0-0 0-096 


1000 Grams of water at 18° occupy 1001°380 c.c. 
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In dilute solutions the variation of density with concentration 


is nearly linear.. For solutions of potassium nitrate below one- 
P2 
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fifth normal the densities within the limits of experimental error 
can be expressed by the equation 


di? = 0°998622 + 0:000618 ¢ — 0:00000065 c?, 


where c is the concentration expressed as grams of salt in 1000 
grams of water. The densities of the other solutions examined 
cannot be represented satisfactorily by such a simple expression. 


Change of Volume on Solution. 


The total change in volume which occurs during the process of 
solution has been calculated for each solution by subtracting from 
the sum of the volumes occupied by the water and salt that 
occupied by the solution they produce. The results are given in 
columns V and VI of the above table for one gram and for one 
gram-molecule of dissolved salt, respectively. The concordance 
of these values for each salt in dilute solution affords a delicate 
criterion of the accuracy of the density determinations, as an 
error of one unit in the sixth decimal place of the density affects 
the total volume change by approximately 1 per cent. in 0°01N- 
solution. The values of Baxter (J. Amer. Chem. Soc., 1916, 38, 
259) for the densities of potassium chloride, bromide, and iodide 
were used in calculating the volume of the salt; the values taken 
for the remaining salts were probably less accurate, as they cannot 
be fused without decomposition, but an error in the density of the 
solid is of less importance than an error in the density of the solution, 
for example, in 0°01 N-salt solutions an error of 0°1 per cent. in the 
case of the solid has the same effect on the result as an error of 
0°0001 per cent. in the case of the solution. 

Lamb and Lee (J. Amer. Chem. Soc., 1913, 35, 1667) have deter- 
mined the change in volume when a salt is dissolved in water for 
dilute solutions of a few salts at 20°, and Baxter and Wallace have 
measured the same quantity for stronger solutions of salts over a 
considerable temperature range. Although an exact comparison 
cannot be made, the following values show that the present values 
are in substantial agreement with those of previous investigations, 
bearing in mind that the contraction decreases with rise of 
temperature. 


Contraction per Gram of Dissolved Salt on Formation of Potassium 
Chloride Solutions. 


Concentration in gram- Hartley and Lamb and Lee 
mol. per litre. Barrett at 18°. Baxter at 25° at 20°. 
0-1652 0-145 c.ec. 0-1365 c.c. — 
0-0100 0-162 — 0-151 c.c. 


0-0 0-16, a 0-153 
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It will be noted that the process of solution is accompanied by a 
contraction in each case, and the variation of the contraction is 
small in dilute solutions. The very accurate determinations of 
Lamb and Lee, who measured the density to one part in ten 
million, show that for salts of univalent ions the contraction 
does not increase more than 1 per cent. between 0°01N and infinite 
dilution. Baxter suggests that two volume changes are involved, 
namely, an increase in volume of the ions on being relieved from 
the restraint of the crystal structure and a contraction resulting 
from their subsequent hydration but no quantitative theory has 
been suggested to account for the results. The following com- 
parison of values for the salts examined is of interest in showing 
that the contraction at infinite dilutions is approximately the same 
for each, except for potassium iodate, and amounts to a considerable 
proportion of the molecular volume in the solid state : 


Contraction (c.c.) Contraction (c.c.) 
on solution of Mol. on solution of Mol. 
1 gram-mol. of volume 1 gram-mol, of volume 
salt at infinite (c.c.) of salt at infinite (c.c.) of 
dilution at 18°. solid salt. dilution at 18°. solid salt. 
ae 123 37-5 KBrO, ... 7-8 50-2 
| 10-7 43°3 | re 21-4 53-7 
8-8 53-1 8 9-7 48-0 
KCIOQ, ... 8-1 52-2 
PuystcaL CHEMICAL LABORATORY, 
BALLIOL AND TRINITY COLLEGES, OXFORD. Harrow ScHoot. 


[Received, January 12th, 1923.] 


XLIX.—The Estimation of Acetone in Methyl Alcohol 
and the Purification of Methyl Alcohol by Sodium 
Hypoiodite. 


By Henry HutcHinson Bates, JoHN MytNe MULLALY, and 
HaroutpD HARTLEY. 


ACETONE in methyl alcohol is usually estimated by the method 
due to Messinger (Ber., 1888, 21, 3366). Two c.c. of methyl alcohol 
are added to 20 c.c. of N-sodium hydroxide and after the addition 
of 20 c.c. of 0-2N-iodine solution the mixture is shaken for a quarter 
to half a minute until it is clear. It is then just acidified with 
N-hydrochloric acid, excess of 0°1N-sodium thiosulphate is added, 
and the excess titrated with 0°2N-iodine solution. Messinger’s 
own results were usually low, although the alcohol he called “‘ puris- 
simum ’’ gave an acetone constant of 0°06 per cent. 

Goodwin (J. Amer. Chem. Soc., 1920, 42, 39) investigated this 
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method of estimating acetone in aqueous solutions and found 
that it gave accurate results, provided that the mixture is well 
shaken while the iodine is being added, and that sufficient time is 
allowed for the acetone to react with the hypoiodite. He con. 
sidered twenty minutes sufficient for this purpose even in cold 
weather. 

Both Goodwin (loc. cit.) and Rakshit (Analyst, 1916, 41, 246) 
found that the method gives too high results for acetone in presence 
of methyl alcohol. 

The following experiments were made to determine. the error 
introduced by the reaction of the methyl alcohol with the hypo. 
iodite. Successive quantities of 20 c.c. of methyl alcohol free 
from acetone were mixed with 40 c.c. of 0°5N-sodium hydroxide 
and 20 c.c. of 0°1N-iodine solution, and after known times the 
solutions were acidified and the iodine titre was determined with 
sodium thiosulphate. In a blank experiment without methyl 
alcohol, no change in the iodine titre was found after twenty-four 
hours, whilst the following amounts (zx c.c.) of 0°1N-iodine were 
found to have reacted with the methyl alcohol in the times 
mentioned : 


Mins. Hrs. 
. 19 53 
4:0 8-33 9-35 9-45 


The reaction between the hypoiodite and methyl alcohol is 
incomplete owing to the speed at which the former substance is 
converted into iodate. Schwicker (Z. physikal. Chem., 1895, 16, 
303) has measured the rate of the reaction 


3KIO = KIO, + 2KI 


and found that at a dilution of 0°016N, in presence of excess of 
hydroxyl-ion, the period of half-change is twenty-five minutes at 12°. 

The above experiments having shown the importance of the 
time factor in acetone determinations, the following standard 
conditions were chosen: 20 c.c. of methyl alcohol were diluted 
to 100 c.c. with water, 25 c.c. of this solution were then mixed 
with 20 c.c. of 0°5N-sodium hydroxide and 25 c.c. of 0°1N-iodine 
solution, and the mixture was shaken at intervals for half an hour. 
It was then acidified with 0°5N-sulphuric acid, and the unused 
iodine titrated with sodium thiosulphate. The experiments were 
carried out at a temperature of 15 + 0°5°. 

In order to find the zero error under these conditions successive 
equal quantities of acetone-free methyl alcohol were diluted as 
above with water containing known quantities of acetone’ and the 
acetone was estimated as described. 
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The amounts (x c.c.) of 0-1N-iodine solution used up were as 
follows, a denoting the percentage of acetone added : 


sstusccdsescsevewsessoens 0-013 0-032 0-064 0-096 0-128 0-160 
Lnigichetsennseeccsseséseeee 1-82 3°16 4-46 5-80 7-12 


The results, when plotted, lie on a straight line which cuts the 
vertical axis at 0°5 c.c., indicating that 0°5 c.c. of iodine (corre- 
sponding with 0-012 per cent. of acetone) would be used up in pure 
methyl alcohol and would thus be the zero error of the estimation. 
In order to test this further, acetone-free methyl alcohol was 
obtained from four separate sources (a) a sample purified by re- 
peated treatment with acid mercuric sulphate solution and given 
to us by Dr. Whiteley, (6) a sample obtained from Hopkins and 
Williams, (c) and (d) specimens purified by the methyl oxalate and 
the hypoiodite methods, respectively. The results of acetone 
determinations carried out as above with these samples are : 


(a). (0). (c). (d). 
C.c. of 0-1N-iodine used ......... 0-49 0-52 0-50 0-48 


The results in each case agree within the limit of experimental 
error and show that under these conditions 0°012 per cent. must 
be subtracted from the amount of acetone found, to allow for the 
reaction of the hypoiodite with the methyl alcohol. Repeated 
purification of methyl alcohol failed to give a lower apparent 
acetone content. 

As other methods of removing acetone from methyl! alcohol had 
been found to be inefficient or to give poor yields, Messinger’s 
method has been adapted to this purpose. Considerable dilvtion 
with water is obviously undesirable, as methyl alcohol will be lost 
in rectification; on the other hand, it was found necessary to 
dilute to a definite extent and also to use excess of iodine in 
order to ensure the entire removal of acetone. The following 
method was found to be convenient and to give good results with 
methyl alcohol containing 0°2 per cent. of acetone: Twenty-five 
grams of iodine were dissolved in 1 litre of methyl alcohol and the 
solution was poured slowly and with constant shaking into 500.c.c. 
of N-sodium hydroxide. It was sometimes found necessary to 
add in addition as much as 150 c.c. of water to precipitate the 
iodoform, the variable amount being due doubtless to changes of 
the laboratory temperature. The solution was kept over-night and 
filtered. The filtrate was yellow, due probably to resin, as the 
colour deepened on boiling. Dissolved iodoform was hydrolysed 
by heating under reflux until the smell was absent, and the mixture 
then fractionally distilled. The first fractionation yielded 800 c.c. 
of 97 per cent. and 150 c.c. of 85 per cent. acetone-free alcohol. 
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Since this work was completed a paper on a similar method of 
purifying methyl alcohol by means of sodium hypochlorite has 
been published by R. C. Menzies (T., 1922, 121, 2787). 


Summary. 

1. The accuracy of Messinger’s method of estimating acetone in 
methyl alcohol has been investigated and the zero error determined 
for standard conditions. 

2. Sodium hypoiodite and methyl alcohol react to form some 
iodoform and probably other products, the incompleteness of the 
reaction between them being due to the rapid autoxidation of the 
former to iodate. 

3. A convenient and efficient method has been evolved for 
removing acetone from methyl alcohol by means of sodium hypo- 
iodite. 


The authors desire to thank Dr. M. A. Whiteley for her help in 
connexion with this work. 


Puysicat CHEMISTRY LABORATORY, 
BaLiion AND TRINITY COLLEGES, OXFORD. 
[Received, December 22nd, 1922.] 


L.—Di- and Tri-hydroxydeoxybenzoins. 


By ERNEST CHAPMAN and HENRY STEPHEN. 


HYDROXYDEOXYBENZOINS of the type C,H,;*CH,°CO-C,H,,.,.,(OH), 
(where x = 1, 2, or 3) had previously been prepared by two general 
methods: (1) fusing phenylacetic acid with the necessary phenolic 
compound in the presence of zinc chloride according to Nencki and 
Sieber’s method (J. pr. Chem., 1881, [ii], 23, 147, 537, 546; 1883, 
fii], 25, 273) of preparing aromatic hydroxy-ketones (Weisl, 
Monatsh., 1905, 26, 984; Finzi, ibid., 1905, 26, 1125; Noelting 
and Kadiera, Ber., 1906, 39, 2056), or (2) by a modification of 
Friedel and Crafts’ reaction, condensing acid chlorides with phenols, 
dissolved in nitrobenzene, in the presence of aluminium chloride 
(Behn, D.R.-P. 95901; Weisl, loc. cit.; Finzi, loc. cit.). 

Substances of this type have now been obtained by applying 
Hoesch’s method (Ber., 1915, 48, 1122) to the condensation of a 
cyanide, R°CH,-CN (where R is a phenyl or substituted phenyl 
group) with resorcinol and phloroglucinol : 


R-CH,°CN + C,H,(OH), #2 R:CH,°C(-NH,HCl)-C,H,(OH), 22 
R:CH,-CO-C,H,(OH).. 
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By this method the following ketones have been prepared : 

(I) 2: 4-Dihydroxydeoxybenzoin (2 : 4-dihydroxyphenyl benzyl 
ketone), CgH;*CH,-CO-C,H,(OH),. 

(II) 4’-Chloro-2 : 4-dihydroxydeoxybenzoin (2 : 4-dihydroxy- 
phenyl-p-chlorobenzyl ketone), C,H,Cl-CH,"CO-C,H;(OH)». 

(III) 2 : 4-Dihydroxy-4’-methyldeoxybenzoin (2 : 4-dihydroxy- 
phenyl p-methylbenzyl ketone), CH,*C,H,°CH,"CO-C,H,(OH)p. 

(IV) 2:4: 6-Trihydroxydeoxybenzoin (2:4: 6-trihydroxy- 
phenyl benzyl ketone), C,H;-CH,*CO-C,H,(OH).. 

(V) 4’-Chloro -2:4:6-trihydroxydeoxybenzoin (2:4: 6- tri- 
hydroxyphenyl p-chlorobenzyl ketone), C,H,Cl-CH,°CO-C,H,(OH)s. 

(VI) 2:4: 6-Trihydroxy-4’-methyldeoxybenzoin © (2:4: 6-tri- 
hydroxyphenyl p-methylbenzyl ketone), 

CH,°C,H,°CH,°CO-C,H,(OH)s. 


2: 4-Dihydroxydeoxybenzoin (the so-called 1-meta-compound), 
melting at 104°, had been obtained by Finzi (loc. cit.), who found it 
to be identical in all properties except the melting point with the 
dihydroxydeoxybenzoin (m. p. 115°) obtained by Biilow and 
Grotowsky (Ber., 1902, 35, 1527) on heating 7-hydroxy-2-phenyl- 
4-benzylidene-1 : 4-benzopyranol with a strong aqueous solution of 
sodium hydroxide. The 2:4-dihydroxydeoxybenzoin now pre- 
pared agrees in general properties with that obtained by the 
previous workers and melts at 115°. 

The dihydroxydeoxybenzoins were characterised by the prepar- 
ation of their oximes and diacetyl derivatives, and it was found that 
such derivatives of 2:4-dihydroxydeoxybenzoin differ from the 
corresponding products obtained by Finzi (loc. cit.). 

The deoxybenzoins now prepared by Hoesch’s method are 
colourless or very faintly coloured compounds, crystallising from 
a large volume of hot water in glistening plates. The members of 
the trihydroxy-series appear to crystallise with one or, in the case 
of the p-methyl compound, one and a half molecules of water. 
They are readily soluble in most organic solvents except ligroin 
and petroleum. They are almost insoluble in cold water, but 
dissolve readily in concentrated sulphuric acid. They are soluble 
in dilute sodium hydroxide solution, the dihydroxydeoxybenzoins 
giving colourless solutions and the trihydroxy-compounds yellow 
solutions. They reduce Fehling’s solution on boiling, probably 
forming the corresponding benzils (compare Finzi, loc. cit., p. 1129). 
Their alcoholic solutions give deep reddish-brown colorations with 
a drop of ferric chloride solution, and their solutions in alcohol or 
ether give a bright red coloration with sodium hypochlorite solution. 
The oximes give an almost black coloration with ferric chloride, 
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and with sodium hypochlorite distinctive purple colours. The 
diacetyl derivatives produce no coloration with ferric chloride and 
a golden-yellow colour with sodium hypochlorite on long standing, 


EXPERIMENTAL. 


2 : 4-Dihydroxydeoxybenzoin (1).—Ten grams of resorcinol (1 mol.) 
and 10 grams of dry, freshly-distilled phenylacetonitrile were 
dissolved in 60 c.c. of dry ether, 4 grams of powdered zinc chloride 
added, and the solution treated with a moderately rapid stream of 
dry hydrogen chloride for two hours under reflux. The closed 
vessel was left over-night and a few crystals, probably of 2: 4. 
dihydroxyphenyl benzyl ketimine hydrochloride, had then separ. 
ated from the lower, syrupy layer. The mixture was treated with 
80 c.c. of 5N-hydrochloric acid and extracted with ether to remove 
any unchanged substances. The aqueous solution was heated on 
the steam-bath for a short time and a brown oil separated. The 
aqueous layer was removed when cold and the brown layer again 
boiled with water. On cooling, glistening plates were deposited 
and the oil became solid. The dihydroxydeoxybenzoin was filtered 
off and recrystallised from dilute alcohol or a large quantity of 
boiling water, the latter proving to be the better solvent for removing 
impurities. 


The reaction was also carried out in a slightly different manner - 


by pouring off the ethereal layer from the mixture after remaining 
over-night and boiling the semi-solid oily layer directly with water, 
without using hydrochloric acid. 

2 : 4-Dihydroxydeoxybenzoin crystallises from water as colourless, 
glassy elongated plates, m. p. 115° (Found: C = 73°8; H = 5:30. 
Calc., C = 73°7; H = 5°30 per cent.). 

The oxime was prepared by dissolving 3 grams of 2 : 4-dihydroxy- 
deoxybenzoin in 50 c.c. of absolute alcohol and adding a solution 
of 0°9 gram of hydroxylamine hydrochloride and 1°8 grams of 
sodium acetate in the smallest possible amount of water. The 
mixture was heated on the steam-bath for several hours under 
reflux, the alcohol was removed by evaporation, and the crystalline 
residue was washed with water and dissolved in warm alcohol. 
The oxime, precipitated on addition of water to this solution, was 
recrystallised from dilute alcohol as pale brown, hexagonal crystals 
melting at about 230° with decomposition (Found: C = 68'8; 
H=555; N=584. Cale, C=691; H=539; N=5°76 
per cent.). 

A second crop of crystals was obtained by concentrating the 
mother-liquor, and these softened at 110°, but did not melt until 
210°, recalling Finzi’s so-called oxime. Microscopic examination 
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of this product showed it to be a mixture of crystals of the oxime 
and the unchanged deoxybenzoin, and these were partly separated 
by fractional crystallisation. 

Finzi describes the oxime as fine, yellow needles showing no sharp 
melting point, but sintering at 110° and partly melting at 170°. 
It seems probable, therefore, that his product contained unchanged 
dihydroxydeoxybenzoin (m. p. 115°), which would account for the 
sintering at 110°. 

The diacetyl derivative was prepared by boiling 3 grams of 2: 4- 
dihydroxydeoxybenzoin with excess of acetic anhydride for four 
hours and then heating the solution on the steam-bath with the 
addition of small quantities of methyl alcohol to remove unchanged 
acetic anhydride. After evaporating the greater part of the 
solution and cooling, white crystals were deposited. These were 
recrystallised from hot alcohol, and about 2°5 grams of the compound 
obtained as colourless, rhombic prisms, m. p. 136° [Found : CH,*CO 
= 27°65, 27°55. C,H, 90,(CO°CH;), requires CH,°CO = 27°56 per 
cent. |. 

It is insoluble in cold aqueous sodium hydroxide and its alcoholic 
solution gives no coloration with ferric chloride solution. Finzi, 
however, by treating the dihydroxydeoxybenzoin with acetyl 
chloride in pyridine solution, obtained a substance crystallising in 
white needles, m. p. 107°, which he stated was the diacetyl deriv- 
ative. From his analysis of the substance, the percentages of 
carbon, hydrogen, and acetyl are those required for the formula 
C,sH,,0,, and do not agree with the formula C,,H,)0,(CO-CHs)s. 
A repetition of Finzi’s experiment gave a very small quantity of 
white. needles, m. p. 107°, which were more soluble in alcohol than 
the diacetyl derivative melting at 136° and also slightly soluble 
in alkalis [Found: CH,°CO = 17:1. C,,H,,0,(CO°CH,) requires 
CH,-CO = 15-9 per cent.]. An alcoholic solution of the substance 
gave a reddish-violet colour with ferric chloride solution. Finzi’s 
product was probably the monoacetyl derivative. 

4’-Chloro-2 : 4-dihydroxydeoxybenzoin (IL).—p-Chlorophenylaceto- 
nitrile was prepared by Walther and Hirschberg’s method (J. pr. 
Chem., 1903, [ii], 67, 377). 

A solution of 11 grams (1 mol.) of resorcinol and 15 grams (1 mol.) 
of p-chlorophenylacetonitrile in dry ether (60 c.c.), to which 4 grams 
of powdered zine chloride had been added, was treated for about 
five hours with a stream of dry hydrogen chloride. After remaining 
over-night, the mixture was treated with 100 c.c. of 5N-hydrochloric 
acid and extracted with ether, and the aqueous layer warmed to remove 
dissolved ether. On cooling, the ketimine hydrochloride separated 
as a solid mass, which was filtered, washed with a little ether, 
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-hydrolysed by boiling with water, and gave pale brown crystal 
of 4'-chloro-2 : 4-dihydroxydeoxybenzoin, m. p. 153—154° (Found: 
Cl = 13°0.* C,,H,,0,Cl requires Cl = 13°5 per cent.). 

Its oxime, prepared by means of hydroxylamine hydrochloride 
and sodium acetate, crystallises from dilute alcohol as fine, white, 
prismatic needles, m. p. 235—236° with decomposition (Found: 
Cl = 12°75; N=513. C,,H,,0,NCI requires Cl = 12°77; N= 
5°05 per cent.). 

The diacetyl compound was obtained by treating 4’-chloro-2 ; 4. 
dihydroxydeoxybenzoin with acetic anhydride in the manner 
already described. It was crystallised from alcohol as white, 
rhombic prisms, m. p. 145° (Found: Cl = 10°0; CH,°CO = 25:1, 
25°0. C,,H,;0;Cl requires Cl = 10°2; CH3°CO = 24’8 per cent.). 

2:4-Dihydroxy - 4’ - methyldeoxybenzoin (III).—p - Methylbenzyl 
chloride was prepared from toluene, formaldehyde, and hydrogen 
chloride by Stephen, Short, and Gladding’s method (T., 1920, 117, 
522), and was converted into the corresponding cyanide by treatment 
with sodium cyanide in methyl alcoholic solution. 

Eleven grams (1 mol.) of resorcinol and 13 grams (1 mol.) of 
p-tolylacetonitrile were dissolved in dry ether, 4 grams of powdered 
zinc chloride added, and a stream of dry hydrogen chloride passed 
in for several hours. The mixture was hydrolysed as already 
described, but the crude product could not be crystallised from 
hot water. It was therefore dissolved in a mixture of ether and 
benzene and the solution dried. On evaporating the ether, the 
deoxybenzoin separated from the benzene, on cooling, in reddish- 
brown crystals. Crystallised from dilute alcohol or a large volume 
of boiling water, it forms colourless, glistening needles, m. p. 114° 
(Found: C= 747, 744; H= 5°74, 5°88. C©,;H,,0, requires 
C = 74:4; H = 5°82 per cent.). 

Its oxime, prepared in the usual way, crystallised from dilute 
alcohol in white, prismatic needles, m. p. 218° with decomposition 
(Found: C=699; H=592; N=4-89, 492. C,,H,,0,N 
requires C = 70°0; H = 5°88; N = 5°45 per cent.). 

The diacetyl compound was obtained by treating the deoxybenzoin 
with acetic anhydride. It crystallises from alcohol as colourless, 
rhombic prisms, m. p. 112—113° (Found: CH,°CO = 26°. 
C,,H,,0; requires CH,-CO = 26:4 per cent.). 

2:4:6-Trihydroxydeoxybenzoin (IV).—A solution of 6°3 grams 
(1 mol.) of anhydrous phloroglucinol and 5°8 grams (1 mol.) of 
phenylacetonitrile in 50 c.c. of dry ether, to which 3 grams of 
powdered zinc chloride had been added, was treated for several 


* Robertson’s (T., 1915, 107, 902) method was used throughout for 
chlorine estimations. 
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hours with a stream of dry hydrogen chloride. After standing 
over-night, the mixture was warmed on the steam-bath, causing 
complete separation into two layers and evolution of hydrogen 
chloride. ‘The ethereal layer was removed and the viscous residue 
hydrolysed by boiling with water for an hour. The crude product, 
which separated on cooling, was crystallised from a large volume 
of boiling water, giving colourless, elongated prisms containing one 
molecule of water of crystallisation which is lost on heating the 
crystals at 90°. The anhydrous compound melts at 162° (Found : 
loss at 90—100° = 6:97, 6°80. C,,H,,.0,,H,O requires H,O = 
6:94 per cent. Found: in anhydrous compound, C = 68°76; 
H= 5°00. C,,H,.0, requires C = 68°84; H = 4°95 per cent.). 

4'- Chloro-2:4:6-trihydroxydeoxybenzoin (V).—A _ solution of 
11 grams (1 mol.) of p-chlorophenylacetonitrile and 9°2 grams 
(1 mol.) of anhydrous phloroglucinol in 70 c.c. of dry ether, after 
the addition of 4 grams of powdered zinc chloride, was treated 
with a stream of dry hydrogen chloride for four hours, and the 
mixture hydrolysed with water as already described. The deoxy- 
benzoin was crystallised from boiling water in colourless needles 
containing one molecule of water of crystallisation. The anhydr- 
ous substance melts at 221—222° (Found: H,O=6°01, 611. 
C4H,,0,C1,H,O requires H,O = 6:10 per cent. Found in an- 
hydrous compound, Cl = 12°3, 12°6. ©,,H,,0,Cl requires Cl = 
12‘7 per cent.). 

2:4: 6-T'rihydroxy-4’-methyldeoxybenzoin (VI).—A solution of 
12°6 grams of anhydrous phloroglucinol and 13:1 grams of p-tolyl- 
acetonitrile in dry ether, treated by the method already described, 
yielded the deoxybenzoin, which was recrystallised from hot water 
in slightly pink, transparent plates containing one and a half 
molecules of water of crystallisation. The anhydrous substance 
melts at 205—206° (Found: H,O = 9°70, 9°69. C,;H,,0,,1}H,O 
requires H,O = 9°48 per cent. Found: in anhydrous compound, 
C=697; H=5-48. C,,H,,0, requires C= 698; H = 5-47 
per cent.). 


In conclusion, one of us (E. C.) desires to thank the Advisory 
Council of the Department of Scientific and Industrial Research 
for a grant which has enabled him to participate in this work. 
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LI.—Determination of the Isoelectric Point of Gelatin. 
A Criticism of Patten and Kellems’s Method. 


By Tuomas SLATER PRICE. 


In the course of measurements of the hydrion concentration of 
various gelatin solutions, Patten and Kellems (J. Biol. Chem., 1920, 
42, 363) used a method for plotting their results which has appar. 
ently led them to the conclusion that different gelatins have 
different isoelectric points which can be determined directly by 
electrometric titration. Their method of experiment was as 
follows : Solutions were made up containing 0°5 per cent. of gelatin 
and different concentrations of hydrochloric acid (or sodium 
hydroxide), and their hydrion concentrations measured electro. 
metrically in each case. The results obtained for two different 
gelatins are given in the following table, the figures for the py, in 
ordinary type referring to an ashless gelatin, whilst those in italics 
refer to a commercial gelatin. 


Normality with Normality with 
respect to HCl. Pu- respect to NaOH. 


104 
10-3 
10-8 
10-¢ 
10-° 
10-* 

Patten and Kellems then use the following method to plot their 
results. The py’s of the various solutions are taken as ordinates 
and the normalities of the total system with respect to acid (or 
alkali) as abscisse. To avoid excessive use of ciphers the negative 
exponent of the normality is used; thus, where the normality is 
1 x 10°, the figure 6 is used as the abscissa. The curves thus 
obtained are shown in the figure. 

Patten and Kellems then state: ‘“ It will be observed that the 
isoelectric point of ash-free gelatin, Curve 1, lies at py = 4°8, corre- 
sponding with a hydrion concentration of 1:59 x 10, and that 
the isoelectric point of commercial gelatin, Curve 2, lies further 
toward the alkaline region and comes at py = 5°64 (hydrion con- 
centration, 2°28 x 10°).” * This statement that the horizontal 
portions of the curves indicate different isoelectric points is appar- 
ently made simply because those parts are horizontal. Con- 
sideration of the curves will show, however, that the method of 
plotting cannot give anything else but an approximately straight- 


* Patten and Kellems’s paper gives 2-28 x 10-, which is a misprint for 
2-28 x 10. 
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line central portion, since the abscisse, as well as the ordinates, 
are plotted on a logarithmic scale. There is a very good reason 
for plotting the ordinates (py’s) on a logarithmic scale, since the 
eectrometric method of determining hydrion concentrations gives 
a direct measurement of their logarithmic concentration, but no 
such reason can be adduced for similarly plotting the normalities 
of the total system. 

That the results obtained are purely fictitious, as far as the 
determination of the isoelectric point is concerned, can be shown 


Fia. 1. 


4 a i nm A a A - | 


Ss —) ° 6 & Ss 2 ( 


oe + 
H Ci. NaOh. 
by reference to the figure, as follows. The ashless gelatin, to which 
wither acid nor alkali has been added, has p, 4°81 (point A). 
Similarly the commercial gelatin has py 5°6 (point A’). Addition 
if 10° acid or alkali will give points to the left or right of A and A’ 
if practically the same py, since the amount of acid or alkali added 
sso very small. Similarly for 105 acid or alkali, and so on, the 
lect of the addition of acid or alkali on the py, only beginning to 
thow when their concentrations are about 10° N. A straight-line 
tntral portion of the curve is thus obtained,* the position of which 

* If the results are plotted using a normality instead of a log-normality 


kale as abscisse, it will be seen that the straight-line portion of the curve 
tompresses to what is practically a point of inflexion. 


») 
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has really nothing to do with the isoelectric condition of gelatin, 
but is really fixed by the py of the gelatin started with and to 
which neither acid nor alkali has been added. The mistake made 
by Patten and Kellems is in taking the points A and A’ as both 
corresponding with 0 on the abscisse. In the case of the com. 
mercial gelatin it is impossible to say what was the normality 
with respect to hydrochloric acid or sodium hydroxide, owing to 
the unknown alkalinity of the gelatin taken. As a matter of fact, 
they show later in their paper that the commercial gelatin was 
really alkaline. What, in reality, their method does, is to show 
that it requires more acid to give a definite py to the commercial 
than to the ashless gelatin, a result which is obvious in view of 
the alkali content of the former gelatin. 

That one is bound to obtain results similar to those of Patten 
and Kellems has been shown by Mr. S. O. Rawling in some (un. 
published) experiments he has carried out. A 2 per cent. solution 
of ash-free gelatin was first titrated with hydrochloric acid, the p, 
of the system being measured after each addition of acid. A 
solution of the same concentration of gelatin, to which a small, 
amount of sodium hydroxide had been added, was similarly’ 
titrated. The curves obtained were similar to those of Patten 
and Kellems when plotted according to their method. 

Sheppard, Sweet, and Benedict (J. Amer. Chem. Soc., 1922, 4, 
1857) have made use of the same method to determine the iso- 
electric point of ash-free gelatins to which various small amounts 
of alum had been added. They find that the so-called isoelectric 
point occurs at decreasing values of the py as the concentration 
of the alum increases. From what has been said above this result 
is to be expected, since owing to the hydrolysis of the alum the 
solutions are acid. 

The author has been in correspondence with Dr. Sheppard, who 
expresses his agreement with the considerations put forward above. 
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LLIl.—The Propagation of Flame in Complex Gaseous 
Mixtures. Part V. The Interpretation of the Law 
of Speeds. 


By Witt1am Payman. 


THE addition of the incombustible gas nitrogen to the mixture of 
methane and oxygen of the composition CH, + 20, results in 4 
reduction of the speed of uniform movement of flame in the mixture. 
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Both methane and oxygen behave similarly to nitrogen in that they 
also reduce the speed of uniform movement of flame when added to 
this mixture (T., 1920, 117, 56). 
both § The speed of the uniform movement of flame, under standard 
com- § experimental conditions, in a mixture of any given inflammable gas 
ality & with air or oxygen depends on the rate of reaction in that mixture, 
ig to # andis mainly determined, therefore, by the temperature of the burn- ' 
fact, BF ing gases (loc. cit., p.49). It follows that with a given mixture (such, 
was ff for example, as CH, + 20,) the greater the cooling effect of a gas 
show f added to the mixture the greater will be its retarding effect on the 
rcial B speed of the flame. Thus, methane, having the highest specific 
w of & heat of the gases methane, oxygen, and nitrogen, is found to have 
the most marked retarding effect of the three. 
tten If the retarding action of an added gas were dependent solely on 
(un- & its cooling effect, that is to say, on its specific heat, a simple ex- 
ition § planation could be offered for the Law of Speeds (T., 1922, 121, 364). 
€ py § Amixture with a given speed of flame may be obtained by adding a 
- A fj certain volume of methane to the mixture CH,-+ 20,. A different 
mall | uixture having the same speed of flame may be obtained by adding 
larly § adifferent volume of nitrogen to the same unit volume of CH, + 20,. 
tten § These different volumes of methane and of nitrogen would, perforce, 
have the same heat capacity if this supposition were correct; that 
44, ff isto say, they would require the same amount of heat to raise them 
iso- § to the temperature of the burning gases. A complication is, 
unts # however, introduced by the effect of mass-action. The probable 
tric # magnitude of this effect will be considered later; in the meantime, 
tion § it will simplify discussion to neglect it. 
sult Since these two volumes, the one of methane, the other of nitrogen, 
the § have the same heat capacity, then a given proportion of the one could 
be replaced by the same proportion of the other without altering 
who ff the total heat capacity of either, or altering the retarding effect of 
ove. § cither on the speed of flame. 
This is in effect what is done when two gas mixtures having the 
3.) jf same speed of flame are mixed together. A simple example will 
help to make this clear. Imagine two mixtures with the same speed 
of flame produced by diluting the basic mixture CH, + 20, with 
ous § either methane or nitrogen, the composition of the one being 
‘caw 4 CH, + 20, + xCH,, and that of the other being CH, + 20, + yN3. 
It follows that wCH, and yN, will have the same heat capacity. 
Now, if half the diluting gas in the first mixture is replaced by half 
the diluting gas in the second mixture, the resulting mixture will 


have the composition CH, + 20, + 50H, + SNp. The quantity 


of diluting gas is now JOH, + 5Ne: this will have the same heat 


| 
i 
| 
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capacity as either xCH, or yNg, and the new mixture will therefor: 
have the same speed of flame as the original mixture. Exactly 
the same mixture would be obtained by mixing together equal 
volumes of the original mixtures, giving a mixture of the con. 
position CH, + 20, + xCH, + CH, + 20, + yNg, or 2 volumes of 


CH, + 20, + 5CH, + SN. From the law of speeds it is known 


that this mixture will have the same speed of flame as either of the 


two original mixtures. 
Fic. 1. 


Rate of delokation in 
the mixture! 2H, + On 


2800 


2600 


Metres per second. 
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_ I 2 3 4 5 
Gas added to the mixture 2H, + O,, molecules. 


Rate of detonation. 


It will be seen that the law of speeds can be explained on the 
assumption that any addition of incombustible gas, inflammable 
gas, or oxygen to a mixture of inflammable gas and oxygen in 
combining proportions has a retarding effect on the speed of the 
uniform movement of flame proportional to its specific heat. 


* It has been emphasised in earlier papers that the law of speeds can only 
be applied to similar mixtures, containing excess of oxygen or containing 
excess of inflammable gas. The reason for this will now be apparent, for the 
mixing together of two unlike mixtures corresponding with, say, CH, + 
20, + aCH, and CH, + 20, + 60, will result in alteration of the quantity 
of the basic mixture, CH, + 20,, present. Some of the added methane of 
the first mixture would combine with some of the added oxygen of the 
second, and would no longer act as diluting gas, so that the speed of flame 
would be increased. 
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This explanation of a law which was first enunciated as a purely 
empirical relationship, observed between the speeds of the uniform 
movement of flame in complex gas mixtures, has proved useful in 
many ways. One of these is the prediction of the application of 
the law of speeds to other modes of propagation of flame within 
certain limits. 

The diluting or retarding effect of added gas, both combustible 
and incombustible, to a given gas mixture has its counterpart in 
the propagation of the explosion-wave. Dixon has shown (Phil. 
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Gas added to the mixture CH, + 20,, molecules. 


Trans., 1893, 184, 97) that the addition of either oxygen or nitrogen 
to electrolytic gas, 2H, + O,, reduces the rate of detonation in the 
resulting mixture.* This is shown in Fig. 1, which is reproduced 
from Dixon’s paper (loc. cit., p. 188), and should be compared with 
Fig. 2, which shows the effect of the addition of methane, oxygen, 
and nitrogen, to the mixture CH, + 20,, on the speed of the uniform 
movement of flame. 

The diluting or retarding effect of the addition of oxygen and 


* The explosion wave differs from the uniform movement in that with 
the former the addition of hydrogen to the mixture 2H, + O,, and of methane 
to the mixture CH, + 20,, increases the rate of detonation, whereas the 
speed of the uniform movement is decreased in both mixtures. 
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nitrogen on the rate of detonation of electrolytic gas has been 
shown by Dixon to be proportional to the respective densities of 
the gases. Densities are additive properties just as are specific 
heats; for weights are additive just as are heat capacities. Hence 
it follows that the law of speeds should hold for the detonation. 
wave in mixtures of hydrogen, oxygen, and nitrogen in which 
the oxygen is present in sufficient quantity to burn the hydrogen 
completely. 

In order to test the truth of this conclusion, Professor Dixon 
kindly allowed a series of experiments to be carried out in his 
laboratory with a number of mixtures of hydrogen, oxygen, and 
nitrogen of different compositions, using the original apparatus 
in which his experiments were carried out. These experiments, 
which are described in another communication, have shown that 
the law of speeds holds exactly for the rate of detonation in these 
mixtures. The fact must be emphasised that the law of speeds 
applies to these mixtures for a similar, but not the same, reason for 
which it applies to the uniform movement of flame. 

This reason for the application of the law of speeds to the uniform 
movement of flame also serves to explain certain peculiarities 
observed in the results of the early experiments that were made to 
test the truth of the law. It was found that the law did not hold 
exactly with all gaseous mixtures. Appreciable differences, small, 
but beyond the limits of possible experimental error, were found 
between the observed and calculated values for the speeds of flame 
in complex gas mixtures. There was evidently some other factor 
which either prevents or assists to a slight extent the retarding 
effect of the added gas or gases. 

We have assumed in the reasoning outlined above that the rate 
of reaction is dependent entirely on the temperature of the reacting 
gases, and that in mixtures of one particular gas and air or oxygen 
the mixture with the highest temperature will also have the highest 
speed of flame. The rate of reaction, however, will also depend on 
the concentrations of the reacting gases. It has been shown 
(T., 1920, 117, 49) that, for a given combustible gas, the mixture 
with the highest calorific effect is not necessarily the mixture with 
the maximum speed of flame, which is sometimes obtained in a 
mixture of different composition. The difference in composition 
between these mixtures has been termed the “ displacement ”’ of 
the maximum-speed mixture. The nature of the displacements 
observed confirms the supposition that they are due to the effect 
of mass action. In the same way it would appear that the small 
differences between observed and calculated values for the speeds 
of flame are also due to the effect of mass action. 


an 
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Reference to Fig. 2 will show that the retarding effect of oxygen 
on the speed of the uniform movement of flame in the mixture 
CH, + 20, is rather less than that of nitrogen, although the specific 
heats of nitrogen and oxygen are approximately the same. The 
reason for this was suggested in Part IV of this series of papers 
(loc. cit., p. 56). Since the rate of reaction depends not only on the 
temperature, but also on the concentrations of the reacting gases, 
the fact that the oxygen can take part in the reaction will cause 
its retarding effect to be less than that of another gas of the same 
specific heat which cannot take place in the reaction; because, 
although the temperature effect may be the same, the mass-action 
factor is greater when the diluting gas is reactive, and therefore the 
rate of reaction in this mixture would be greater. If we consider 
the two mixtures with the same calorific effect, (1) CH, + 20, + xO,, 
and (2) CH, + 20, + yNg, the speed of flame in these two mixtures 
would be the same if it depended solely on the temperature. If the 
specific heats of oxygen and nitrogen are assumed to be the same 
exactly, x = y. The mass-action factor is given by the expression 
Coun, X C%,. If unit quantity of methane * is taken in both 
mixtures, 


2 <i (2 +2)? 
Oca, X Por = 35-3 (3 tape oe - Oe 
and 
Con, X C : al (2) 


os +y B+y? 


Since x = y, (1) is always greater than (2), and therefore the rate 
of reaction is always greater in mixture (1) than in mixture (2), 
even although the calorific effect of the two mixtures is the 
same. 

Let us now consider what effect the coming into play of mass 
action will have on the application of the law of speeds in mixtures 
of two inflammable gases with air or oxygen. It will simplify 
explanation if a particular example be chosen. The upper limit 
of methane in air in a horizontal tube, 2°5 cm. in diameter, was 
found to be 13°3 per cent. The upper-limit mixture of hydrogen 
in air under similar conditions was found to contain 71°4 per 
cent. of hydrogen. If from these values the limit for the mixture 
CH, + H, is calculated by means of the law of speeds, the value 


* The mass-action factor gives a relative measure of the number of fruitful 
collisions taking place between inflammable gas and oxygen in unit time. 
Taking unit quantity of inflammable gas affords a measure of the chances 
of each molecule of the inflammable gas entering into chemical combination 
with oxygen in that period. 


Q* 
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obtained is 22°4 per cent. The composition of the three limit 
mixtures is as follows : 


Hydrogen 

Methane 

Oxygen 

Nitrogen 

The value for the mass-action factor is given by the expression 

Cz, X Co, for the reaction 2H, + O,, and Cou, x C%, for the 
reaction CH, + 20,. For unit volumes of methane and hydrogen 
the factor in each of the three mixtures becomes : 


For hydrogen 


(71-4 x 71-4 x 65)/714 =464 . . . . . . in(l) 
and (11:2 x 11:2 x 163)/ll'2 =182 ... . . . in(3) 


And for methane 


(13°3 x 18-2 x 18°2)/183 =331 .. . . . . in) 
and (11-2 x 163 x 16°3)/163 =265 ... . . . in(3) 


That is to say, the factor for each gas is less in the calculated 
complex mixture than in each of the simple mixtures.* The speed- 
law calculation is made, however, on the assumption that the rate 
of reaction in all three mixtures is the same, since their calorific 
effects are the same. But the rate of both reactions will be less in 
the complex mixture, on account of the effect of mass action; 
instead of this mixture being a limit mixture (that is to say, a mixture 
just able to support combustion), the result will be that it will not 
be able to do so, and the mixture must have more air added to it 
before the rate of reaction becomes sufficiently great, owing mainly 
to increased temperature, for it to allow of complete and independent 
propagation of flame. The value found experimentally for the limit 
in this mixture was 20°8 per cent. 

Similarly, if two mixtures having the same speed of flame are 
mixed together, the resulting mixture will have a slightly lower 
speed, since the rates of the reactions in this complex mixture will 
be less than in the respective simple mixtures. 

In this illustration limit mixtures have been utilised to simplify 
the wording. Any mixture of two (similar) mixtures having the 
same speed of flame could have been chosen; for example, the two 
mixtures of methane in air and hydrogen in air that have a speed 
of flame of 50 cm. per second. The law of speeds applies to limit 
mixtures because the speed of flame in limit mixtures of most 

* In other words, the number of fruitful collisions of methane with oxygen 


and of hydrogen with oxygen in unit time will be less in the complex mixture 
than in the respective simple mixtures. 
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inflammable gases in air, taken singly, is approximately the same; 
when some other speed is chosen, other than the speed at the limits, 
the same result is obtained. 

For ease of reference, it is convenient to make use of special 
mixtures such as “ maximum-speed mixtures,” “‘ mixtures for 
complete combustion,” or “limit mixtures.” Similar calculations 
with these mixtures indicate that the speed of the uniform movement 
of flame actually obtained in most of the complex gaseous mixtures 
which have been examined should be less than that calculated from 
the law of speeds. 

The observed and calculated speeds of flame in maximum-speed 
mixtures and mixtures for complete combustion are given in Tables 
land II, and the differences observed are in agreement with the 
theory that has been outlined, that is, the actual speeds of flame are 
less than those calculated. 

TaBe I. 
Maximum-speed Mixtures. 


Maximum speed of uniform movement of flame. 
Cm. per second. 


Mixtures for Complete Combustion. 


Speed of uniform movement of flame. 

Mixture. Found. Diff. 
85 — 10 

135 — 14 

240 — 6 


Any factor which reduces the speed of flame in a limit mixture 
will render that mixture incapable of self-propagation of flame. 
Hence we would expect that the upper limit of inflammability of a 
complex mixture would always be less than the value calculated. 
An actual comparison is given in Table III. 


TaB_eE III. 


Upper-limit Mixtures. 
Upper limit. 
Mixture. Cale. Found. 
16-7 15-5 
26-4 24-3 
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It would be expected that the mass-action effect would become 
less important when the percentage of oxygen is greatly in excess of 
that required to burn the inflammable gas completely. Calculation 
supports this view; thus, in the lower-limit mixture of CH, + H, 
the mass-action factor for unit volume of methane is slightly 
higher than in the lower-limit mixture of methane alone, and the 
factor for hydrogen is reduced, but to a much less extent than was 
seen to obtain with the upper-limit mixtures. Examination of 
the curves given in earlier papers will show that the agreement 
between observed and calculated values is quite close when the 
oxygen is in excess, and the law of speeds has been shown to apply 
very accurately to lower-limit mixtures. 

The law of speeds as applied to the uniform movement during 
the propagation of flame can therefore be explained on the assump- 
tion that the variations in the speed of flame as determined under 
standard conditions with mixtures of different compositions depends 
on the rate of reaction between the inflammable gases and oxygen in 
the flame front. The law of speeds would hold exactly if this rate of 
reaction was dependent solely on the temperature, so that excess of 
either inflammable gas, oxygen, or of incombustible gas could be 
regarded as behaving simply as diluting gas, lowering the reaction 
temperature, but taking no part in the reaction. The fact that the 
rate of reaction must also depend on the concentrations of the react- 
ing gases results in small divergences from the law when the oxygen 
is in deficit. The correction necessary to allow for this cannot be 
correctly estimated, but the general effect of this factor is to make 
the speeds of the uniform movement of flame in complex mixtures 
rather slower than the speeds calculated from the law of speeds. 


DEPARTMENT OF FUEL TECHNOLOGY, 
THE UNIVERSITY, SHEFFIELD. [Received, December 21st, 1922.] 


LIII.—The Rate of Detonation in Complex Gaseous 
Mixtures. 


By WituiAm PaymMan and Nogt Stantey WALLS. 


In the preceding paper it was suggested that the law of speeds should 
apply to the rate of detonation in mixed gases containing sufficient 
oxygen for the complete combustion of the inflammable gases. 
The necessity for this limitation will be apparent if we compare the 
effects of change of composition of a mixture of one inflammable 
gas with air or oxygen on the speed of propagation of flame during 
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“ detonation ” and during the initial, slow, “ uniform movement ” 
of flame. 

With both phases of propagation there are limits beyond which 
that mode of propagation cannot be set up. The “ limits of in- 
flammability ” of an inflammable gas in air or in oxygen can be 
determined, for any given set of conditions, with great accuracy, 
but the limits of detonation can only be estimated roughly, since 
they depend apparently on the mode of ignition, and in mixtures 
near the limit of detonation there is no positive means of determining 
whether the flame is propagated by detonation or not (or partly by 
detonation and partly by other means), since the flame may attain 
an extremely rapid speed of propagation without detonation being 
set up. 

Interesting and important deductions from the law of speeds are 
(1) that the addition of any inflammable gas to the lower-limit 
mixture of the same or any other inflammable gas in air or oxygen 
will result in an increase in the speed of the uniform movement of 
flame in the mixture; (2) that addition of inflammable gas to the 
maximum-speed mixture of any inflammable gas in air or oxygen 
will result in a reduction of the speed; and (3) that addition of 
inflammable gas to the upper-limit mixture of any inflammable 
gas will result in the mixture being rendered incapable of self- 
propagation of flame. 

Herein, so far as the present research is concerned, lies the main 
distinction between propagation by the uniform movement and by 
detonation. The addition of inflammable gas to the “ lower-limit 
detonating-mixture ”’ will result in an increase in the rate of detona- 
tion in the mixture, but with further increase in the concentration 
of inflammable gas a point is at last reached when the addition of 
one inflammable gas may increase the rate whereas the addition 
of another inflammable gas may reduce it. Thus, the addition of 
hydrogen to electrolytic gas (2H, + O,) increases the rate of 
detonation, whilst addition of carbon monoxide lowers the rate. 

There would appear to be no “ maximum-rate detonation- 
mixture ’ in the same sense as there is a maximum-speed mixture 
with the uniform movement of flame. Thus, with hydrogen and 
oxygen the “ upper-limit detonating mixture ” has a greater rate of 
detonation than any of the more dilute mixtures. With methane 
and oxygen the rate of detonation increases with increased per- 
centage of methane until there is 50 per cent. of methane present; 
with further addition of methane the rate decreases. The rate of 
detonation in a mixture of methane and oxygen containing 50 per 
cent..of methane is 2513 metres per second. With 53°3 per cent. of 
methane, the rate is 2388 metres per second, and with 57:1 per cent. 
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of methane the detonation-wave is not set up.* It is quite possible 
that the addition of hydrogen to the “ upper-limit detonating 
mixture ” of some other gas might increase the rate of detonation 
instead of preventing detonation altogether. 
It will be evident, then, that any application of the law of speeds 
to propagation by the explosion-wave will necessarily be limited, 
Only that portion of the 
Fic. 1. law of speeds which has 
been termed the “ speed 
generalisation ”’ will apply 
to this phase (T., 1919, 115, 
1447); that portion deal. 
ing with “limit mixtures” 
P's and with “ maximum-speed 
A mixtures ”’ will not apply. 
The application of the law 
of speeds is also limited to 
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Two series of experi- | 
ments have been carried | 
out, and the procedure in 
both was similar to that 
adopted in the work on the 
speed of the uniform move- 
ment of flame in complex } 
gaseous mixtures. The first measurements of the rate of detonation | 

* The maximum and minimum speeds of propagation of flame (1) in the 
detonation-wave and (2) during the uniform movement of flame in a hori- 
zontal tube 2:5 cm. in diameter are given in the following table, which 
illustrates in an interesting manner the differences to which reference has 
been made. 

(1) (2) 


Detonation-wave. Uniform movement. 
Speed of Speed of 
flame. flame. 
Methane. Metres Methane. Metres 
Per cent. per sec. per cent. per sec. 
Lower-limit mixture 11-1 1678 5°7 0-199 
Upper-limit mixture 53-3 2388 59-2 0-189 
Maximum-speed mixture 50-0 2508 33-3 55 
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were made with mixtures of hydrogen, oxygen, and nitrogen. As 
in the determinations of the speed of the uniform movement of 
flame in mixtures of methane, oxygen, and nitrogen (T., 1920, 117, 
52), different ‘‘ atmospheres ” or mixtures of oxygen and nitrogen 
were first prepared. The rates of detonation were then measured 
in a number of mixtures of the inflammable gas—hydrogen in this 
series of experiments—with each of these atmospheres. ‘The 
method of measurement and the apparatus used were exactly 
the same as those used by Dixon (Phil. T'rans., 1893, 184, 97). 

The results are givenin TableI. The values obtained were plotted 
on a speed—percentage graph and by interpolation the compositions 
of the different mixtures having a given rate of detonation were 
obtained. It has been shown (T., 1919, 115, 1439) that if the law 
of speeds holds with mixtures of an inflammable gas, oxygen, and 
nitrogen, then, if the compositions of different mixtures having a 
given speed of flame are plotted on a graph whose axes represent 
the composition of the mixture, all the values (for mixtures of the 
same kind) will lie on a straight line. Such a graph is shown in 
Fig. 1, for a number of different rates of detonation, percentages of 
hydrogen being plotted against percentages of oxygen. 


TABLE I. 
Rates of Detonation in Mixtures of Hydrogen, Oxygen, and Nitrogen. 
Atmosphere 100 per cent. O,. 


Hydrogen. Oxygen. Rate of detonation. 

Per cent. Per cent. Metres per second. 
22-2 77-8 1600 
25-0 75-0 1693 
33-3 66-7 1917 
50-0 50-0 2311 
66-7 33:3 2817 
80-0 20-0 3278 
85-5 14-5 3527 
88-9 11-1 3532 


Atmosphere 66-6 per cent. Ox. 

Hydrogen. Oxygen. Nitrogen. Rate of detonation. 

Per cent. Per cent. Per cent. Metres per second, 
25-0 50-0 25-0 1756 
33°3 44-4 22-3 1961 
50-0 33-3 16-7 2374 
66-6 22-2 11-2 2822 
75-0 16-7 8-3 3090 
80-0 13-3 6-7 3137 


Atmosphere 50 per cent. O,. 
Hydrogen. Oxygen. Nitrogen. Rate of detonation. 


Per cent, Per cent. Per cent. Metres per second. 


33-3 33-3 33°3 1990 
50-0 25-0 25-0 2388 
66-6 16-6 16-6 2767 
75-0 12-5 12-5 2846 


PAYMAN AND WALLS : 


TABLE I.—(continued). 


Atmosphere 40 per cent. O,. 
Hydrogen. Oxygen. Nitrogen. Rate of detonation. 
Per cent. Per cent. Per cent. Metres per second. 
33°3 26-6 40-1 2016 
50-0 20-0 30-0 2383 
66-6 13-3 20-1 2655 
71-4 11-4 17-2 2675 


The dots represent values interpolated from the experimental 
results in the manner already described. The diagram shows 
clearly that the law of speeds holds for the rates of detonation in 
mixtures of hydrogen, oxygen, and nitrogen when the oxygen is 
present in sufficient quantity to burn the hydrogen completely to 


steam. 
TABLE IT. 


Rates of Detonation in Mixtures of Methane, Hydrogen, and Oxygen. 


Methane. 2CH, + H,. 
Inflammable 

Methane. Rate of detonation. gas. Rate of detonation. 
Per cent. Metres per second. Per cent. Metres per second. 

11-1 1678 14-3 1728 

20-0 1980 25-0 2050 

25-0 2146 40-0 2444 

33-3 2337 46-1 2546 

40-0 2465 50-0 2605 

50-0 2513 54:5 2679 

53-3 2388 60-0 2600 


CH, + H,. CH, + 2H). 

Inflammable Inflammable : 
gas. Rate of detonation. gas. Rate of detonation. 
Per cent. Metres per second. Per cent. Metres per second, 


13-8 1532 1449 
21-0 1875 : 1582 
44-4 2464 : 1666 
50-0 2561 : 1764 
57-1 2697 : 2094 
66-7 2604 : 2474 

2572 


2782 


Hydrogen. 
Hydrogen. Rate of detonation. 
Per cent. Metres per second. 
1600 
1693 
1917 
2311 
2817 
3278 
3527 
3532 
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The second series of determinations was carried out with mixtures 
of methane and hydrogen with oxygen. As in the experiments on 
the speed of the uniform movement of flame, different mixtures of 
methane and hydrogen were first prepared, and the rates of detona- 
tion then measured in a series of mixtures of each methane—hydrogen 
mixture with oxygen. The results obtained are given in Table IT. 
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The rates given are the mean of a series of determinations with each 
mixture. The accuracy with which a determination could be 
repeated differed with different mixtures, but the maximum differ- 
ence observed in any one series with the same mixture was about 
30 metres per second, a difference of between 1 and 2 per cent. on 
the speeds measured. 

The results are plotted in Fig. 2. The dotted lines show the values 
for the intermediate mixtures, calculated by means of the law of 
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speeds, for mixtures containing excess of oxygen. Good agreement 
is shown with the mixtures CH,+ H, and CH,+ 2H,. The 
calculated values are uniformly low by 20 to 30 metres per second 
with the mixture 2CH, -+- H,; that is to say, from 1 to 2 per cent, 
on the speed measured, but this difference is not greater than the 
greatest experimental difference in the recorded speeds. 

The law of speeds therefore applies, within the limits of experi. 
mental error, to the rate of detonation in mixtures of hydrogen, 
oxygen, and nitrogen, and in mixtures of methane and hydrogen in 
oxygen in which the oxygen is present in sufficient quantity to 
burn the inflammable gas completely to steam or to carbon dioxide 
and steam. 

There remains the not unlikely possibility that the law of speeds 
will apply to other, non-uniform phases in the propagation of flame. 
This will be examined during the course of other work, carried out 
with the main intention of investigating other problems of flame 
propagation and gaseous explosions. 

DEPARTMENT OF FuEL TECHNOLOGY, CHEMICAL DEPARTMENT, 


THE UNIVERSITY, SHEFFIELD. THE UNIVERSITY, MANCHESTER, 
[Received, December 21st, 1922.] 


LIV.—The Effect of Pressure on the Limits of In- 
flammability of Mixtures of the Paraffin Hydro- 
carbons with Air. 


By Witu1am Payman and RicHaRD VERNON WHEELER. 


Ir has been shown by Mason and Wheeler (T., 1918, 113, 45) that 
the effect of increased initial pressure, above atmospheric, on the 
limits of inflammability of hydrogen and of carbon monoxide in 
air is to narrow the limits on both sides; that is to say, more 
inflammable gas is necessary to form a lower-limit mixture and more 
air is necessary to form an upper-limit mixture. This was also 
found to be so with methane at the lower limit, but the upper 
limit was extended as the pressure was increased. 

It had been anticipated, from the law of mass action, that increase 
of pressure would extend both limits with all gases. The most 
probable explanation for the observed narrowing of the limits in 
most instances would appear to be that suggested by Terres and 
Plenz (J. Gasbeleucht., 1914, 57, 990, 1001, 1016, 1025), namely, that 
loss of heat from a gas at high pressure is due to’a greater extent to 
convection than to conduction, and increases with the pressure. 
If this explanation is correct, the behaviour of the mixtures of 
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methane and air under high pressures at the upper limit must be 
regarded as abnormal, and demands further study. 

In the present research the experiments have been continued in 
order to find out whether mixtures of air with other paraffin hydro- 
carbons would behave in the same manner as methane—air mixtures. 
Experiments have also been carried out to test further the suggestion 
of Terres and Plenz regarding the transference of heat by con- 
vection at high pressures. The experimental method was the same 
as that used by Mason and Wheeler, except that a longer glass tube 
(40 cm. instead of 18 cm.) of 2 cm. internal diameter was used. The 
criterion of inflammability was, as before, propagation of flame 
downwards. ‘The results of the first series of experiments are given 
in Tables I and IT. 

TABLE I. 


Lower Limits. 


Downward propagation of flame. 
(a) Ethane. (6) Propane. 


Pressure. Limit. Pressure. Limit. 
mm. Per cent. mm, Per cent. 
760 3-13 760 2-40 
1700 3-13 940 2-36 
2150 3-15 2620 2-36 
3440 3-19 3400 2-40 
4260 3°22 4270 2°44 


Ethane 3-24 per cent.: Complete Propane 2-48 per cent.: Complete 
propagation at all pressures tried. propagation at all pressures tried. 

Ethane 3-08 per cent.: Complete Propane 2-32 per cent.: Complete 
propagation not obtained at any propagation not obtained at any 
pressure tried. pressure tried. 


(c) Butane. (d) Pentane. 


Pressure. Limit. Pressure. Limit. 

mm. Per cent. mm. Per cent. 
760 1-92 760 1-75 
970 1-89 1280 1-68 
1430 1-86 1640 1-61 
2460 1-86 1790 1-59 
3450 1-89 2050 1-59 
4330 1-92 3760 1-61 
4280 1-68 


Butane 1-98 per cent.: Complete Pentane 1-75 per cent.: Complete 
propagation at all pressures tried. propagation at all pressures tried. 

Butane 1-84 per cent.: Complete Pentane 1-54 per cent.: Complete 
propagation not obtained at any propagation not obtained at any 
pressure tried. pressure tried. 


These results are shown diagrammatically in Fig. 1, together with 
those for methane previously determined. It will be seen that when 
the initial pressure of the mixture exceeds a certain value, which 
differs with each hydrocarbon, the lower limit is narrowed in each 
instance. With methane only is this critical pressure less, than 
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atmospheric ; and whilst, therefore, any increase in pressure above 
atmospheric at once increases the lower limit of methane, with the 
other hydrocarbons there is at first a slight extension of the limit. 
This extension is greatest with mixtures of pentane and air, with 
which it amounts to about 0:2 per cent. of pentane; and it continues 

\until the initial pressure of the mixtures exceeds 3000 mm., after 
which the limit is narrowed. 

The pressure at which narrowing of the lower limit occurs appears 
to be higher the higher is the molecular weight of the inflammable 
gas. 

The upper limits were more sharply defined than the lower limits. 
The upper-limit mixtures of pentane and of butane with air deposited 
carbon when the initial pressure was atmospheric, as did the limit 
mixtures containing more of each inflammable gas at the higher 
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pressures. Limit mixtures of air with either propane or ethane did 
not deposit carbon when the initial pressure was atmospheric, but 
their limit mixtures at higher pressures did. The passage of flame 
in these upper-limit mixtures, more especially at the higher pressures, 
resulted in marked heating up of the walls of the glass tube, and it 
was necessary to allow a considerable time to elapse between each 
experiment for the tube to cool, or the results of the experiments 
were erratic. The carbon deposited on the sides of the tube did not 
appear to affect the results, but the tube was cleaned frequently 
between experiments with a mixture of concentrated sulphuric 
acid and sodium dichromate. The results obtained are recorded in 
Table IT. 

These results are shown diagrammatically in Fig. 2, the results for 
methane being included for comparison. The effect of increasing 
the initial pressure of the mixture on the upper limit is to widen it, 
and the effect is nearly the same with each of the paraffin hydro- 
carbons; their behaviour at the upper limit thus differs from that 


Proaaire (mm... 


aa Akt oe 2 fee | Oe 


ON THE LIMITS OF INFLAMMABILITY OF MIXTURES, ETC. 429 


TABLE II. 
Upper Limits. 


Downward propagation of flame. 
(a) Ethane. (6) Propane. 


Pressure. Limit. Pressure. 

mm. Per cent. mm. 

760 9-85 760 
1220 10-05 1320 
1850 10-25 2300 
2360 10-45 2670 
3190 10-80 3760 
4280 4740 


(c) Butane. (d) Pentane. 


Pressure. imit. Pressure. 
mm, 
760 
1790 
2780 
3760 
4220 
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Inflammable gas. Per cent. 


of hydrogen and carbon monoxide at both limits, and from their 
own behaviour at the lower limit. 

The general tendency of increased initial pressure can be regarded 
as a tendency to shift the range of inflammability of each of the 
paraffin hydrocarbons. Thus with methane at atmospheric pressure 
the range of inflammability in air lies between 6:0 and 13:0 per cent. 
(downward propagation of flame). Under the same conditions of 
experiment, the range lies between 6°4 and 16-0 per cent. when the 
initial pressure of the mixtures is six atmospheres. 

It has been shown (T., 1920, 117, 48) that if, for the sake of argu- 
ment, the ‘‘ flame-temperature ”’ is assumed to be the same with all 
inflammable mixtures of methane and air, then, from the law of 
mass-action, the mixture in which the rate of reaction would be the 
fastest would contain 33°3 per cent. of methane. Since, however, 
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the “ flame-temperature ”’ varies according to the composition of the 
mixture, and is presumably at a maximum when the mixture con- 
tains the quantity of methane (9°45 per cent.) necessary for complete 
combustion, the most rapid rate of reaction and the fastest speed of 
uniform movement of flame are obtained with mixtures not far 
removed in composition from 9°45 per cent. of methane; whilst at 
ordinary temperatures and pressures a mixture of methane and air 
containing 33°3 per cent. of methane will not propagate flame. 

The shifting of the range of inflammability as the initial pressure 
is increased would seem to indicate that the “‘ flame-temperature,” 
or, possibly, the lowest temperature at which flame begins to pro- 
pagate, approaches a constant value over the whole range of 
mixtures as the initial pressure is increased. The shifting of the 
range of inflammability is in the direction one would expect if 
this reasoning is correct, not only with methane, but also with the 
other paraffin hydrocarbons.* 

With mixtures of air with carbon monoxide and with hydrogen, 
the mixture in which the maximum rate of reaction would occur, 
according to the law of mass-action, would contain 66°6 per cent. of 
the inflammable gas (assuming, as before, that the flame-temper- 
atures of all the mixtures were the same). Since the upper-limit 
mixture with both hydrogen and carbon monoxide contains more 
than 66°6 per cent. of inflammable gas, there is no movement of the 
range of inflammability and the limits are narrowed at both sides 
by increase of initial pressure. 

Although this explanation would appear to be satisfactory so far 
as the widening of the upper limit of mixtures of methane (or other 
paraffin hydrocarbon) and air is concerned, there still remains to be 
explained the fact that the lower limit is narrowed. Since with 
each inflammable gas there is a limiting pressure below which no 
mixture of it with air will propagate flame, the first effect of increas- 
ing the pressure above this limiting pressure must be to widen the 
limits of inflammability at both sides. As the increase of pressure 
is continued, it is found that either or both of the limits may be 
narrowed. It has already been shown that the pressure at which 
this narrowing occurs on the lower-limit side differs with different 
inflammable gases; and there is no reason to doubt but that at 
considerably higher pressures than those employed in this research 
the upper limits (downward propagation of flame) of the paraffin 
hydrocarbons would be narrowed also. 


* It is interesting to note in this connexion that Mason and Wheeler (loc. 
cit.) observed that when mixtures of methane and air were at an initial tem- 
perature greater than 600°, the range of inflammability was extended rapidly 
at the upper limit as the initial temperature was increased. 
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The explanation advanced by Terres and Plenz (loc. cit.) for the 
narrowing of the limits can only apply to downward propagation of 
Biame. During the upward propagation of flame heat transferred 
by convection would not be lost, but would be utilised in raising the 
temperature of portions of the mixture about to be burnt. 

Experiments to determine the limits of inflammability with 
ipward propagation of flame, and with high initial pressures of the 
nixtures, have not been successful. An electric spark of high intensity 
tas to be employed to ignite mixtures at high pressures, and such 
parks produce large “‘ caps” of flame in mixtures which are not 
apable of continued self-propagation of flame. These caps often 
atend throughout the length of the explosion tube and render it 
impossible to observe whether independent propagation of flame 
an take place or not. 

Experiments in which the propagation of flame was horizontal 
were more successful and serve our purpose because, whether or not 
the flames in limit mixtures are assisted by convection currents 
luring horizontal propagation, they are certainly not retarded by 
them. We can therefore judge from such experiments as to the 
validity of the suggestion of Terres and Plenz. 

The lower limit of inflammability of methane in the apparatus 
wed, horizontal propagation of flame, was 5°62 per cent. This 
mixture propagated flame at all pressures tried from 760 to 5000 
mm. A mixture containing 5°56 per cent. of methane did not give 
complete propagation of flame at any pressure tried. The lower 
imit of inflammability of methane in air is therefore unaltered by 
variation in pressure between 760 and 5000 mm., when the flame 
propagates horizontally. 

These results, and those at the upper limit, are recorded in Table 
II, and the latter are also shown diagrammatically in Fig. 2 for 
comparison with the results obtained when propagation of flame was 
downwards, 

TaB_eE III 
Lower Limit. 
Horizontal propagation of flame. 


Methane 5-62 per cent. : Complete propagation at all pressures tried. 
Methane 5-56 per cent. : Complete propagation not obtained at any pressure 
tried. 
Upper Limit. 


Horizontal propagation of flame. 


Pressure. Limit. 
mm, Per cent. methane. 
760 13-31 
1900 14-25 
3190 15-02 
4270 15-75 
4900 16-12 
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It will be seen that the effect of pressure in extending the upper 
limit of inflammability of methane in air is more marked when the 
propagation of flame is horizontal than when it is downwards, 
These experiments confirm the suggestion of Terres and Plenz. 


Experiments at Reduced Pressures. 


Although the experimental method did not lend itself to a study 
of the effect of high initial pressures on the limits of inflammability 
when the propagation of flame is vertically upwards, a modification 
of the method enabled such observations to be made at comparatively 
low initial pressures, at all events as regards the upper limit; at 
the lower limit, upward propagation was masked by the production 
of large “ caps ”’ of flame above the spark used to effect ignition. 

The apparatus used for these experiments consisted of a glass 
tube closed at both ends, 5 cm. in diameter and 50 cm. long. At 
one end platinum electrodes were fused and the other end was fitted 
with a tap, which made connexion with a gas-holder containing the 
mixture to be experimented with and an oil-pump for exhausting 
the tube before admitting the mixture. A mercury manometer was 
placed between the explosion vessel and the gas-holder. 

The method of experiment, which was similar to that used for 
the experiments at high initial pressures, was to determine two 
pressures, differing by 10 mm., at the higher of which flame was 
found to propagate completely, whilst at the lower only partial 
propagation occurred. A series of sparks from a “10 inch” 
X-ray coil was used for igniting the mixtures. At very low pressures 
(about 90 mm. at the lower limit and 180 mm. at the upper limit) 
this source of ignition was not powerful enough to ignite mixtures 
which may possibly have been able to support independent propaga- 
tion of flame had it once been started. With limit mixtures at 
pressure not too far removed from atmospheric, however, there was 
no doubt as to the correct limiting pressure, since a mixture which 
allowed of complete propagation of flame at that pressure only 
enabled flame to travel a few centimetres from the spark at a 
pressure 10 mm. lower. The results are recorded in Tables IV 
and V. 

These results are shown diagrammatically in Fig. 3, and are in 
good agreement with those obtained at pressures above atmospheric, 
although they cannot be directly compared with them because the 
diameter of the tube was greater (5 cm. as compared with 2 cm.). 
The dotted lines in Fig. 3 extend the curves to include the results 
obtained at high pressures in the tube 2 cm. in diameter, on the 
assumption that the diameter of the tube has not affected the relative 
values. 
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Methane. 
Per cent. 
5-75 
5-80 
5-90 
5-99 
6-12 
6-48 


Methane. 


Per cent. 
5-39 
5-41 
5-51 
5-70 
5-75 
5-90 
6-12 
6-48 


Methane. 
Per cent. 


13-38 
13-35 
13-23 
12-89 
12-21 


Methane. 
Per cent. 


15-11 
13-94 
13-59 
13-21 
12-89 
12-21 


Methane. 
Per cent. 


14-28 
13-94 
13-59 
13-23 
12-89 
12-21 
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TABLE IV. 
Lower Limits. 


(a) Downward propagation. 
Limiting pressure. mm. 
First limit. Second limit. 
Only partial propagation at all pressures tried. 
455 73 


315 

270 

180 
(Complete propagation at 90 mm.) 
(No flame appeared at 80 mm.) 


(b) Horizontal propagation. 
Limiting pressure. 
mm. 
760 
575 
380 
320 
285 
215 
120 
(Complete propagation at 90 mm.) 
(No flame appeared at 80 mm.) 


TABLE V. 
Upper Limits. 


(a) Downward propagation. 
Limiting pressure. 
mm. 
760 
545 
330 
240 
(Complete propagation at 180 mm.) 
(No flame appeared at 170 mm.) 


(b) Horizontal propagation. 
Limiting pressure. 

mm. 
745 
405 
300 
260 
210 

(Complete propagation at 160 mm.) 

(No flame appeared at 150 mm.) 


(c) Upward propagation. 


Limiting pressure. 
mm, 


734 

485 

340 

290 

240 
(Complete propagation at 170 mm.) 
(No flame appeared at 160 mm.) 
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Examination of these curves can leave no doubt but that the 
narrowing of the limits for downward propagation of flame under 
high pressures, when it occurs, is due to the action of convection 
currents, which must also affect the rate at which the limits widen 
with other modes of propagation. The fact that loss of heat by 
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convection is greatest at high pressures may be explained on the 

reasonable assumption that the transference depends on the differ- 

ence of density of the hot and cold gases. 
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LV.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XIX. The 
Rotatory and Refractive Dispersions and the Absorp- 
tion Spectrum of d-y-Nonyl Nitrite. 

By Rosert Howson PickaRD and Harotp HUvunNTEeER. 


Rotatory Dispersion. 
Ir has long been known that some connexion must exist between 
the rotatory dispersion of a substance and its absorption spectrum. 
Qualitative observations were recorded by Cotton (Ann. Chim. 
Phys., 1896, [vii], 8, 373), who directed attention to the anomalous 
rotatory dispersion of the tartrates of chromium and copper in 
alkaline solution for light of wave-lengths approaching those of 
their absorption bands, whilst Grossmann and Loeb (Z. physikal. 


ie 
P= 
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Chem., 1910, 72, 93) observed similar phenomena in the cases of 
aqueous solutions of sugars and tartrates to which various coloured 
salts had been added. Like results were obtained by Becquerel 
(Compt. rend., 1908, 147, 1281), who compared the rotatory dis- 
persion and the absorption spectrum of well-formed crystals of 
cinnabar—possibly the most powerfully optically active substance 
known. Stewart, however, drew the conclusion (T., 1907, 91, 91, 
1537) that no connexion could be found between the position 
of the absorption bands in the spectra of compounds and their 
rotatory powers, although he traced a parallelism between general 
absorptive power and rotatory power in the case of saturated and 
unsaturated acids, geometrical isomerides, homologous series, and 
active and racemic tartaric acids. More recently, Tschugaev and his 
co-workers (Z. physikal. Chem., 1913, 45, 481, 553) have investigated 
this subject and have traced a general, but not a quantitative, relation 
between selective absorption and ‘‘ abnormal ”’ rotatory dispersion for 
derivatives of menthyl-, bornyl-, and fenchyl-xanthogenic esters. 

During the last decade, however, a great deal of attention has 
been directed to the form of the rotatory dispersion curves of 
organic compounds, a field of research in which Lowry and his 
collaborators have been conspicuously active. Many forms of 
dispersion equation have been proposed, but the one adopted, both 
by Lowry and also in this series of investigations, is that proposed 
by Drude on theoretical grounds *— 

k, 
a= 2a ae 

* The soundness of which has been, however, questioned by some mathe- 
matical physicists. 

It is interesting to note that the earlier forms of dispersion equation which 
have been proposed and subsequently rejected as experimental tests became 
more stringent can all be derived as special cases of the Drude equation. 

For, when A, = 0,a = k/aA* (Biot), 
when Ay<A, we may write— 
= Ia * 

2 
az(1 — *e) 
2 r.4 
= ef +2 + Re + ] 

and then, if A, is so much smaller than A that the series is very rapidly con- 
vergent, we get the equation 

a= A/a? + B/at (Boltzmann), 
from which, when A, is smaller still, is derived— 

a=C+A/a* (Stefan). 
Finally, when A, is so small that we may write 

1 — Ag?/A® = (1 — Ao?/A*)*, 
we get the equation due to Lommel. 

By a similar treatment of the Sellmeier equation (p. 439), it is possible to 
derive the refractive dispersion equation proposed at an earlier date by Cauchy. 
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where kp, etc., are constants determining the magnitude of the 
rotatory power, and 2, etc., are constants determining the form 
of the rotatory dispersion curve, and which correspond with wave- 
lengths of bands in the absorption spectrum of the substance. 

From an exhaustive analysis of the results obtained by the study 
of the rotatory dispersion of nearly thirty secondary alcohols 
(Lowry, Pickard, and Kenyon, T., 1914, 105, 94), of «- and 6-methy] 
glucosides (Lowry and Abram, T'rans. Faraday Soc., 1914, 10, 108), 
and especially of the data published by Rupe on the rotatory power 
of some forty compounds of the terpene series (Lowry and Abram, 
T., 1919, 115, 300), it has been shown that in most cases the simple 
Drude equation with one term, « = ko/(’2 — 29”), expresses the 
rotatory dispersion of these compounds with an accuracy which 
exceeds that attainable in any one set of polarimetric observations. 
Lowry has suggested, further, that in those cases where the one- 
term equation is insufficient to express the variation of rotatory 
power with wave-length, a two-term equation, « = kg/(A? — 22) + 
k,/(a? — 247), is amply sufficient to do so. This has been demon- 
strated in a most striking manner for ethyl tartrate by Lowry and 
Cutter (T., 1922, 121, 532) for light of thirty-six wave-lengths from 
A = 6708 to 4 = 3860 A.U. 

Whilst the agreement between the observed rotations and those 
calculated by means of a Drude equation is most satisfactory, it 
is nevertheless regrettable from one point of view that in most 
of the cases hitherto examined A) has a value in the neighbourhood 
of 1600 A.U., whilst in the case of ethyl tartrate (Joc. cit.), the absorp- 
tion bands predicted by the Drude equation would have wave- 
lengths of about 1700 and 2400 A.U. That is to say, these bands 
have to be sought in a very remote and inaccessible region of the 
spectrum, where it would be very difficult to obtain direct experi- 
mental evidence of their existence. Even in the case of some 
derivatives of methylenecamphor (Lowry and Abram, T., 1919, 
115, 300) with % at about 3000 A.U., and of camphylcarbinol 
(loc. cit.) with %) at about 3200 A.U. no direct measurement of the 
actual positions of the bands has been made. Such experimental 
verification of the validity of the Drude equation is thus wanting, 
although its probability is increased by the agreement between 
the experimental and calculated figures, which, excellent as it is, 
yet leaves something to be desired when the very small fraction 
of the electromagnetic spectrum actually covered by the observed 
data is taken into account. In other words, %» has hitherto of 
necessity been treated as an arbitrary constant and in fact Lowry 
and Abram (loc. cit., p. 310) describe it as ‘‘ hypothetical,” whereas 
it is in reality a definite physical magnitude which is, or should be, 
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capable of measurement by methods entirely distinct from those 
of polarimetry. 

If, therefore, an optically active compound can be obtained 
which exhibits selective absorption in a conveniently accessible 
region of the spectrum, it should. be possible to predict the position 
of the absorption band from the Drude equation for rotatory 
dispersion: then this could be tested by direct measurement of 
its actual position, so that in this event the Drude equation would 
stand or fall by the agreement or divergence between prediction 
and observation. It is also desirable that this compound should 
be liquid in order that it may be examined polarimetrically in the 
homogeneous state, thus avoiding the complicating influence of 
solvents which conceivably would alter the value of 4) (compare, 
for example, Kazay, Chem. Zentr., 1907, ii, 773). 

All these requirements are met by the nitrites of optically active 
alcohols of simple chemical constitution. In thick layers, the 
nitrite of d-ethyl-n-hexylcarbinol (y-nonyl nitrite) is yellow, indicat- 
ing absorption in the violet or very near ultra-violet. It is readily 
prepared in nearly quantitative yield by the action of gaseous 
nitrosyl chloride on a dry, ice-cold, pyridine solution of the 
appropriate alcohol. 

On account of the experimental difficulties attendant on the 
polarimetric observations, the accuracy of the results is below that 
usually attained in this series of investigations, but it is considered 
advisable to publish them in their present form, as they have 
afforded such striking evidence in favour of the Drude equation. 
Although this compound in layers less than 0°05 cm. thick is trans- 
parent throughout the visible spectrum, it possesses a deep yellow 
colour in moderately thick layers and even with a column of liquid 
only 25 mm. thick it is difficult to read the polarimeter at 4 = 5105 
AU. The photographic observations are still more difficult to 
carry out. A layer of liquid only 3°9 mm. thick was employed, 
and even with this short column with an iron arc as illuminant 
and a half-shadow angle of 9°, it was found impossible to record 
observations on the more refrangible side of 4 = 4140 A.U. The 
observed (photographic) rotations thus had to be multiplied by 
25 to obtain the values of 99 mm, Which cannot therefore be relied 
on to more than one unit. It has seemed best, therefore, to draw 
the rotatory dispersion curve (Fig. 1) for y-nonyl nitrite which lay 
most evenly amongst the eleven experimental points and to calculate 
the constants of the Drude equation from this. 

A one-term Drude equation was not sufficient to express the 
observed results. Considerable support is given to the view that. 
this fact is due, not to the inaccuracy of the measurements, but 
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to a real complexity of rotatory dispersion by the fact that the 
next lower homologue, 8-octyl nitrite, exhibits visibly anomalous 
rotatory dispersion and therefore must require a two-term dis- 
persion equation with its terms differing in sign. As it would 
obviously be absurd to pretend to work out a four-constant equation 
with experimental figures of the accuracy attained in this investi- 
gation, the two-term Drude equation was reduced to a three- 
constant equation by neglecting 4,, a device which is quite allow- 
able when dealing with rotations in the near neighbourhood of Xa, 
especially in the region on that side of A) remote from A. 


Fie. 1. 
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The calculated equation then takes the form 


_ 076 _ 0-48 
100 mm. 52 — 01385 | 92” 


where wave-lengths are measured in microns, 

That is to say, this equation predicts an absorption band in 
the spectrum of y-nonyl nitrite at % = V0°135, that is, at 
A» = 3680 AU. It is apparent, too, from the equation that 
although y-nonyl nitrite exhibits complex rotatory dispersion, it 
cannot show anomalous rotatory dispersion of the type exhibited 
by ethyl tartrate in any region of the spectrum. 

It is submitted that the cause of this complex rotatory dis- 
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persion may be the existence within the apparently homogeneous 
liquid of two dynamic isomerides and that the composition of the 
nitrite “ee be represented by the equilibrium 


AisSon-o-f) — CoH on-o<h , 
‘Cee u GH >CH-0<}} 


although the possibility of the presence of associated molecules in 
the preparation must not be overlooked. 


Refractive Dispersion. 


It is somewhat surprising that, although a refractive dispersion 

equation, 
nt —a2+ > _ by? (i) 
a DR ack Ao” 

remarkable in its formal similarity to the Drude equation, was 
proposed more than fifty years ago by Sellmeier,* no attempt,f 
as far as is known to the authors of this paper, has been made by 
organic chemists to treat refractive dispersion in a manner analogous 
to rotatory dispersion. Refractive power has hitherto been studied 
without reference to the effect of dispersion, for the difference of 
refractive index for two standard wave-lengths is by no means a 
scientific measure of dispersion. It seems apparent that, when the 
multiplicity of formule for the calculation of refractive power, 
and the increase in the number of corrections for special effects 
such as ring closure, conjugation of double bonds, etc., are con- 
sidered, existing methods are beginning to break down as the 
available experimental data become numerous and more accurate. 
Furthermore, it is noteworthy that those effects which complicate 
the calculation of refractive power, for example, conjugated systems 
of double bonds, the juxtaposition of ketonic groups, and the intro- 
duction into the molecule of elements of variable valency such as 
nitrogen and sulphur, are precisely those which characterise com- 
pounds which have absorption bands near to the visible spectrum. 
That is to say, the bands are nearer to the region of experimental 
observation and thus cause the effects of refractive dispersion to 


* This equation generally bears Sellmeier’s name, although it would appear 
that priority belongs to Maxwell, who proposed it in the form of a question 
set at the Cambridge Mathematical Tripos, 1869, two years before Sellmeier’s 
work appeared. 

t One example of its application to chemical problems is, however, to 
be found. Libben has made measurements (Ber. Deut. phys. Ges., 1914, 
16, 180, 394) of the refractive dispersion of solutions of simple inorganic 
salts of the alkali metals and has succeeded in fitting this equation to his 
results, although he did not succeed in detecting the predicted absorption 
bands. 
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become more marked, with consequent disturbing effect on the 
refractive power calculated, as is common, with regard to one 
standard wave-length only, such as the sodium line, » = 5896. 

It seems therefore desirable that more attention should be 
directed to the form of the refractive dispersion curves of organic 
compounds in order that the effect of dispersion on refractive 
index may be studied and, if possible, eliminated in the investi. 
gation of refractive power. The Sellmeier equation appears to be 
a suitable one for this purpose, and it is at once obvious that the 
properties which render the alkyl nitrites so useful in testing the 
Drude equation will be equally useful when a test of the Sellmeier 
equation is contemplated. The form of the equation, however, 
may be modified slightly for our present purpose. In equation (i), 
n denotes the refractive index of the compound for light of wave- 
length A, a? denotes its dielectric constant (specific inductive 
capacity), and 9, etc., denote the wave-lengths of the absorption 
bands due to the electrons producing the dispersion. 

It is proposed to call the constants “Ap,”’ etc., the “ refractive 
dispersion constants ” of the compound; and the constants “ bp,” 
etc., its “‘ refraction constants.” If now we write the equation 
Po bp 

— 2? J > 52 22 ? 
we may, at all events in the sateen of the band at 2, 
neglect ,, etc., and the equation becomes 


‘ 


2 

waatt aM teat, 

where c is a term which sums the numerical values of the dielectric 
constant and the refraction constants of the terms in which \,, 
etc., have been neglected. We now have an equation involving 
three constants, of which two only are arbitrary—the third, 9, 
is capable of measurement by other methods just as in the case 
of the Drude equation for rotatory dispersion. 

The experimental work involved in this case is by no means 
difficult. Refractive indices were determined at 25° by means 
of a Pulfrich refractometer and may be considered accurate to 
0°0002 unit. The refractive dispersion equation was calculated to 
be (with measured in microns as before) 


n* = 1:9630 + 0°0283 22/(22 — 0°139), 
whence Ay = 4/0°139, that is, Ay = 3730 AU. 


Table I shows the observed and calculated figures for the refrac- 
tive index, and it will be noticed that the difference between these 
values is of the order of the experimental error. 


e 
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Taste I. 
Refractive Dispersion of d-y-Nonyl Nitrite. 

%: (A.U.). Nobse Neale Difference. 
6708 1-4153 1-4155 + 0-0002 
5896 1-4180 1-4179 — 0-0001 
5790 1-4184 1-4183 — 0-0001 
5461 1-4200 1-4199 — 0-0001 
4358 1-4384 1-4383 — 0-0001 


Absorption Spectrum. 


The values for the wave-length of the dominant absorption band 
deduced from measurements of rotatory power and of refractive 
index are thus satisfactorily concordant. Experimental determin- 
ation of the actual position of the band will now furnish evidence 
for or against the validity of the equations of Drude and Sellmeier. 
The intense colour of the compound renders difficult an accurate 
determination of the position of the head of the band in the 
homogeneous liquid condition, but by using a cell only 0°2 mm. 
thick it was found possible to fix the limits of the band at 4, =3670 — 
3720 A.U. 

It is therefore submitted that the very substantial agreement 
between the values obtained for the wave-length of the dominant 
band in the absorption spectrum of y-nonyl! nitrite— 

(i) predicted from measurements of rotatory power, \) = 3680 


AU.; 
(ii) predicted from measurements of refractive index, 4) = 3730 


(iii) by direct photographic measurement, 4, = 3670—3720 A.U., 
furnishes strong evidence in support of the equations proposed for 
rotatory dispersion by Drude and for refractive dispersion by 
Sellmeier, and that it also furnishes evidence in favour of some 
connexion between refractive index and rotatory power such as 
was sought on theoretical grounds by Livens (Phil. Mag., 1913, 
[vi], 25, 817, e¢ seg.) and experimentally by Peacock (T., 1914, 
105, 2782; 1915, 107, 1547). 


EXPERIMENTAL. 

Preparation of Nitrosyl Chloride——This was prepared by Tilden’s 
method (T., 1860, 13, 630) of heating aqua regia and absorbing 
the nitrosyl chloride in concentrated sulphuric acid to form nitrosyl- 
sulphuric acid, from which nitrosyl chloride was subsequently 
regenerated by distillation with anhydrous sodium chloride. In 
order to avoid, as far as possible, contamination with hydrogen 
chloride, the nitrosyl chloride was condensed to a deep ruby red 

VOL, CXXITI. R 
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liquid in a coil cooled to —20° in a mixture of ice and salt and 
then allowed to boil slowly into a solution of y-nonanol. 

Preparation of d-y-Nonyl Nitrite, Cg,H,,°>CHEt-O-NO.—Gaseous 
nitrosyl chloride was allowed to pass slowly into a dry solution of 
d-y-nonanol (optically pure) in four times its weight of pyridine, 
the solution being well cooled in ice and salt. Pyridine hydro. 
chloride was precipitated and the reaction mixture assumed a 
temporary green colour when saturation was complete. The 
mixture was kept over-night and then repeatedly washed with 
water, dilute hydrochloric acid, and finally with water to remove 
all traces of pyridine. Ether was added after the first washing to 
reduce loss of the ester during the washing operations. The ether 
solution was then dried over ignited potassium carbonate, the 
solvent removed, and the ester fractionally distilled under reduced 
pressure on the water-bath. 

d-y-Nonyl nitrite is a bright yellow, mobile liquid with a pleasant, 
nitrous ethereal smell. It boils at 83—84°/24 mm. 


Determination of Rotatory Power. 


Visual Measurements.—These measurements were made with a 
25 mm. tube of liquid, using the sodium flame, the enclosed mercury 
arc, and the copper arc as illuminants. For the sodium flame and 
the mercury arc, a direct-vision spectroscopic eyepiece only was 
necessary to secure monochromatic illumination, but with the 
copper arc it was necessary to analyse the beam of light spectro- 
scopically by means of a constant-deviation prism before it entered 
the polarimeter. The spectroscopic eyepiece was employed in 
addition in this case to give greater dispersion and to enable a 
wider slit to be used without sacrificing purity of illumination. 

Photographic Measurements.—For these observations, the eye- 
piece of the polarimeter was removed and a long-focus com- 
bination substituted.* The polariser and half-shadow were turned 
through 90° so that the dividing line in the centre of the field was 
horizontal and then, by means of a condenser, a parallel beam of 
light from an iron arc was passed through the polarimeter to the 
object glass. It is essential to use parallel light in order to ensure 
equal illumination of both halves of the field even when the arc 
flickers. The long-focus objective was caused to throw an image 
of the field of the polarimeter on to the slit of a spectrograph con- 
sisting of a spectrometer with a. single 60° dense glass prism and 
a quarter-plate folding camera fitted with a 16’’ box extension. 
With this apparatus the whole of the spectrum from ’ = 6000 to 


* These alterations were carried out in a most satisfactory manner by 
Messrs. Bellingham and Stanley, London. 


“ =u OU ms 66 
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} = 3550 A.U. (the limit of transparency of the glass used) could 
be obtained on two quarter-plates, covering a length of about 
8 inches. With it, too, the D lines could be distinctly resolved, 
whilst naturally the dispersion was considerably greater at the 
violet end. It was found utterly impossible to get blue light 
through a 25 mm. tube of liquid and, after many expedients, a 
parallel-sided glass trough, 3‘°9 mm. wide, was employed. Even 
then it was impossible to obtain readings within 400 A.U. of the 
head of the absorption band, although two-hour exposures on very 
fast plates (Imperial “‘ Eclipse”) were used. Difficulty was ex- 
perienced, too, in deciding the exact position of extinction on the 
photographic negatives. The column of liquid causing rotation 
of the plane of polarisation was necessarily so short that, for any 
given setting of the polarimeter, several spectral lines on the plate 
appeared equally strong in both halves of the field and the only 
possible way of deciding on the true position of extinction was 
to take the mean of the two extreme positions where unequal 
intensity of the two halves of the field could first be definitely 
detected. 

The observed rotations were measured at the laboratory tem- 
perature of 18—20°, and are given in Table II. 


TABLE II. 
Rotatory Dispersion of d-y-Nonyl Nitrite. 


s a. a. a. 
A(A.U.). 39mm. 25mm, 100mm. 


5893 io +1-21° +4 4-8° , 

5782 wet 1-33 5:3 | 

oe _ oo + - Visual readings 

5153 -_ 1-81 7-2 | 

5105 set 1-97 7-9 

4500 + 0-51° om 13 \ 

4384 0-62 Zieh 16 | 

4272 0-70 os 18 - Photographic readings 
4200 0-80 _ 20 | 

4144 0-91 on 23 J 


Determination of Refractive Index. 


These measurements were made with a Pulfrich refractometer 
jacketed with water from a thermostat maintained at 20°. The 
experimental figures are quoted in the theoretical part. 


Measurement of the Absorption Spectrum. 


The spectrograph employed for this purpose was that used for 
measurements of rotatory power. As it was inadvisable to resort 


to dilution in order to obtain a narrow band, very narrow cells 
R2 
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had to be employed. Those finally adopted consisted of pieces of 
platinum foil about 2 cm. square with rectangular openings about 
5 mm. by 10 mm. in one side. These pieces of metal were held 
between glass plates by means of two ordinary screw clips. This 
arrangement is very convenient because the cells can be filled by 
capillary attraction, they contain no soluble cement, are easily 
taken apart for cleaning, and can have their thickness accurately 
determined by means of a micrometer. Three cells were employed 
of thickness 0-2, 0°4, and 0°8 mm., respectively. Their disadvantage 
lies in the fact that it is difficult to keep them tight for organic 
liquids with low surface tensions, although even the thickest of 
them will keep tight to water for six hours or more. A hemacyto- 
meter was used for a cell thickness of 0°1 mm. and, although in all 
cases the position of the band is distinct, its more refrangible edge 
is so near the limit of transparency of the glass apparatus employed 
that the photographs are not suitable for reproduction. 


In conclusion, the authors wish to express their thanks to Dr. J. 
Kenyon for his valuable advice and help, and one of them wishes 
to acknowledge his indebtedness to the Department of Scientific 
and Industrial Research for a personal grant which has enabled 
this work to be carried out. Some of the materials used in the 


investigation were purchased from a grant made by the Government 
Grant Committee of the Royal Society. 
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LVI.—Researches on Residual Affinity and Co- 
ordination. Part XV. Interactions of Acetylpro- 
pionylmethane and the Tetrachlorides of Selenium 
and Tellurium. 


By Gitspert T. Morcan and Harry Gorpon REEVEs. 


As the result of earlier investigations, an explanation has been 
advanced for the complicated changes occurring in the interactions 
of acetylacetone and the tetrachlorides of selenium and tellurium 
(T., 1920, 117, 1456; 1921, 119, 610; 1922, 121, 922, 2432), but 
it remains to be seen whether this interpretation of experimental 
facts is consistent with the behaviour of other homologous aliphatic 
8-diketones when these are subjected to the action of the above- 
mentioned tetrachlorides. It is evident that each of these chlorides 
induces a characteristic tautomeric change in acetylacetone, this 
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alteration of chemical structure being manifested by the nature and 


2s of 
bout & constitution of the products. 
held Selenium tetrachloride removes from acetylacetone the two 
This § hydrogen atoms originally present in the methylene group of 
| by ff acetylacetone, yielding selenium acetylacetone, a non-enolic dimeric 
sily ff substance, Se,(C;H,O,),, the structural formula for which has been 
tely recently demonstrated (T., 1922, 121, 2432). 
yed The reaction of tellurium tetrachloride and acetylacetone differed 
age from that of selenium tetrachloride and the same £-diketone in its 
nic ff point of attack on the organic molecule and consequently in the 
of ff chemical structures of the more numerous products, namely, 
‘to- tellurium acetylacetone dichloride, tellurium bisacetylacetone 
all dichloride, and tellurium O-ethylacetylacetone trichloride, the 
Ige last of these arising from the intervention of ethyl chloride 
red present in chloroform B.P. (T., 1922, 121, 923). It is highly 
probable that the addition of tellurium to the diketonic chain 
is preceded by enolisation of acetylacetone into the modification 
J. CH,-CO-CH,*C(OH):CH,, a reactive form of the substance capable 
es of combining with tellurium tetrachloride to form the additive 
fic compound CH,*CO-CH,°CCl(OH)-CH,"TeCl, (compare Bielecki and 
ed Henri, Compt. rend., 1914, 158, 1022). This intermediate product 
he by loss of hydrogen chloride furnishes a hypothetical substance, 
nt CH,-CO-CH,"CO-CH,"TeCl,, from which the three foregoing stable 


tellurium compounds are derivable. 

In view of these intricate chemical changes, it became of interest 
to study the behaviour of acetylpropionylmethane (propionyl- 
acetone), the next homologue of acetylacetone, towards the two 
tetrachlorides. 


I. Selenium Acetylpropionylmethane. 

Towards selenium tetrachloride, acetylpropionylmethane reacts 
in a manner closely resembling acetylacetone. The condensation 
occurs most smoothly with the copper derivative of the diketone 
and there is only one seleniferous product, the non-enolic dimeric 
selenium  acetylpropionylmethane (selenium  propionylacetone ; 
formula I or II), accompanied by acetylpropionylchloromethane, 
C,H,-CO-CHCI-CO-CHg. 

Selenium acetylpropionylmethane, an analogue of selenium 
acetylacetone, undergoes similar reactions with hydriodic and 
hydrocyanic acids and with excess of propionylacetone, the only 
practical difference being that the products are less stable, probably 
owing in part to their greater fusibility. 

Diselenium bisacetylpropionylmethane, Se: (C gH,0°OH),, obtained 
by the action of hydriodic acid, is a yellow oil identified by conversion 
into its yellow copper derivative, Se,:(CgH,O°O),:Cu. 
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Cyano-3-selenium acetylpropionylmethane, CN-Se-C,H,O0-OH, 4 
very fusible, colourless solid produced by the addition of hydrogen 
cyanide, is characterised by its crystalline copper derivative, 
(CN-Se-C,H,0-0O),Cu. 

Selenium OC-bisacetylpropionylmethane, O°CgH,O-Se-C,H,O-0H, 
arising from the addition of acetylpropionylmethane employed in 


excess, is an oil yielding a greenish-yellow copper salt. 
CH; CH; 
‘i Yn 
CH,°CO-C 0 C,H;-CO-¢ 0 (IL.) 
Se——Se or Se-—Se 
(L) O-CO-CH, 6 CCO-C,H, 
\ 7% \ 7 
OH, Hy; 


II. Tellurium Acetylpropionylmethane. 


The condensation of tellurium tetrachloride and acetylpropionyl- 
methane proceeds more simply than in the case of acetylacetone. 
In this instance only one product is isolated, namely, telluriwm 
acetylpropionylmethane dichloride (VII), which, however, on treat- 
ment with ethyl chloride in chloroform furnishes tellurium O- 
ethylacetylpropionylmethane trichloride (VIII). 


CHO. + TeCl, = (CgH,O,)TeCl, + 2HCI. 
(C,H,0,)TeCl, + C,H,Cl = (C,H,*O-C,H,0)TeCl,. 


The addition of tellurium tetrachloride to the methylene enolic 
form of acetylpropionylmethane takes place through the inter- 
mediate phases represented by formule ITI, IV, and V, after which 
elimination of hydrogen chloride leads to tellurium acetylpropionyl- 
methane dichloride (VII).* On treatment with sulphurous acid or 
alkali sulphites and bisulphites, the foregoing dichloride undergoes 
reduction to tellurium acetylpropionylmethane (VI), a well-defined, 
golden-yellow substance more soluble in water than its lower 
homologue, tellurium acetylacetone. The new product, which is of 
monomeric complexity, behaves as an unsaturated compound, 
combining additively with chlorine to regenerate the dichloride and 


* The formule for the tellurium compounds are based on the assumption 
that the preliminary change (VII) is an enolisation of the group CH,-CO-, 
but there is an alternative possibility that this tautomeric rearrangement 
may have taken place in the group CH,-CH,-CO, thus giving rise to 
CH,-CH:C(OH). These alternatives are presented in formule I and II for 
the selenium derivative. 
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with bromine and iodine to form, respectively, tellurium acetyl- 


)H, 
drogen | propionylmethane dibromide and di-iodide. 
ative Reference has already been made (T., 1922, 121, 940) to the 


intense germicidal action of aqueous solutions of tellurium acety]- 
propionylmethane, and the bacteriological and physiological study 
of this and other tellurium derivatives of the @-diketones is under 
investigation by Dr. E. A. Cooper. The following results show the 
disinfecting action of a series of these tellurium compounds. 


B. Coli communis. 


) Concentration Phenol 
Substance. disinfecting at 37°. coefficient. 

Tellurium acetylacetone ........e.e0e 1 in 500,000 1,000} 

5 Tellurium 3-methylacetylacetone 1 in 800,000 1,600 

Tellurium acetylpropionylmethane 1 in 2,500,000 5,000 


0 0 OH 

Oye? TeCl,  C,HyC% Tel,  C,HyC” —TeCly 
— > “H CH 

H, ie pois HC. CH Oe 


i.” 
OH ella (V.) 
(III.) (IV.) 
] 
\ /™ 


2 


reduction 


lic 


Summary. 


1. The lengthening of the 6-diketone chain in passing from 
acetylacetone to its next homologue, acetylpropionylmethane, does 
not alter materially the nature of the interaction with selenium 
tetrachloride. 

2. The condensation with tellurium tetrachloride is simplified in 
the case of acetylpropionylmethane, the only product isolated being 
tellurium acetylpropionylmethane dichloride. 


EXPERIMENTAL. 
I. Selenium Series. 
Owing to the small yield of the starting material, acetylpro- 

pionylmethane (propionylacetone), obtained by the sodium ethoxide 

process the following modification was adopted. Forty-two c.c. 

of methyl ethyl ketone (d =0°9538, 1 mol.) were added slowly and 
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with vigorous shaking to a mixture of 11 grams (1 atom) of clean 
sodium wire and 190 c.c. of dry redistilled ethyl acetate contained 
in a reflux apparatus cooled to 0°. After twelve hours, the mixture 
was heated on the water-bath for one and a half hours, cooled, and 
poured on to crushed ice. The ethereal layer was extracted twice 
with water, the combined aqueous layers neutralised with dilute 
acetic acid and treated with the calculated amount of N/8-cupric 
acetate. The precipitated pale blue copper acetylpropionylmethane 
after washing with water was dried at 80°: m. p. 197—198°; yield 
32°6 grams or 47°8 per cent. on the weight of methyl ethyl ketone. 

Acetylpropionylmethane (b. p. 158°) was obtained in almost 
quantitative yield by decomposing the copper salt with dilute 
sulphuric acid in presence of ether, the ethereal extract being 
fractionated after drying over sodium sulphate. 

Selenium Acetylpropionylmethane (Selenium Propionylacetone) 
(Formulz I and II).—Copper acetylpropionylmethane (10-2 grams, 
1 mol.) was added slowly with shaking to 7°8 grams of freshly 
prepared selenium tetrachloride, suspended in 56 c.c. of chloroform 
B.P., care being taken to exclude moisture. Hydrogen chloride 
was evolved, the solution reddened, and the tetrachloride gradually 
dissolved while cupric chloride (5 grams) with a trace of selenium 
was precipitated. After thirty minutes at the ordinary temper. 
ature, this deposit was removed and the deep red, fuming, lachry.- 
matory filtrate was evaporated rapidly in a current of air, when the 
residue, a reddish-brown oil, solidified almost completely and on 
trituration with absolute alcohol yielded yellow, crystalline selenium 
acetylpropionylmethane (yield 24:5 per cent.). Recrystallised from 
absolute alcohol, this product separated in pale yellow, glistening 
plates melting at 137°; its solution in benzene or alcohol had a 
yellow colour; it was only faintly acid to litmus and dissolved in 
aqueous sodium hydroxide to a yellow solution, gradually decom- 
posing with precipitation of selenium [Found: C = 37°62; H = 
441; Se= 41°12. C,.H,,0,Se, requires C = 37°66; H = 4:22; 
Se = 41°40 per cent. An ebullioscopic molecular weight deter- 
mination in benzene (c= 2°17) gave M = 372. (C,H,0,°Se), 
requires M = 382°6.] 

Selenium acetylpropionylmethane was practically insoluble in 
water or ether; it yielded selenium on warming with alcoholic 
aniline and became superficially coated with red selenium on 
exposure to light. 

3-Acetylpropionylchloromethane, copper salt.—The alcohol employed 
in assisting the initial crystallisation of crude selenium acety]- 
propionylmethane was evaporated in a current of air, leaving a 
residue of red lachrymatory oil and a supernatant layer of hydro- 
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chloric acid. An ethereal solution of the oil, when shaken with 
aqueous copper acetate, yielded a yellowish-green, granular pre- 
cipitate of copper 3-acetylpropionylchloromethane, Cu(C,H,0,Cl),, 
which crystallised from chloroform in olive-green plates melting 
at 137—138° (Found: Cl = 19°66; Cu= 17°44. C,.H,,0,Cl,Cu 
requires Cl = 19°76; Cu = 17°72 per cent.). This result confirmed 
the following equation representing the formation of selenium 
acetylpropionylmethane : 


SeCl, + 2C,pH,,0,Cu = (CgH,02'Se), -+ 2CuCl, + 2HCl + 
2CH,°CH,*CO-CHCI-CO-CH,. 


Diselenium Bisacetylpropionylmethane, Se,:(C,H,0°OH),.—Two 
molecular proportions (0°63 gram) of 60 per cent. hydriodic acid 
diluted with 40 c.c. of water were added to 0°9 gram of selenium 
acetylpropionylmethane (1 mol.) suspended in 150 c.c. of ether 
cooled by adding 1 gram of crushed ice, the mixture being shaken 
vigorously. The brown colour of the ethereal layer due to iodine 
was removed by adding N/10-thiosulphate, the decolorised solution 
dried over sodium sulphate, and the ether removed in a vacuum. 
The residual yellow oil (0°4 gram, 42 per cent.) would not solidify 
but had the characteristic offensive odour of the diselenium bis- 
g-diketones (Morgan, Drew, and Barker, loc. cit.). It contained 
Se = 41°93. C,,H,,0,Se, requires Se = 41:13 per cent. On 
shaking with ether and cupric acetate, it readily yielded a mustard 
yellow copper salt, Se,:(CgH,O-O),:Cu (Found: C = 31:98; H= 
398. C,.H,,0,Se,Cu requires C = 32°30; H = 3°62 per cent.). 

Cyano-3-selenium Acetylpropionylmethane, CN-Se’C,H,0-OH.— 
One gram of powdered selenium acetylpropionylmethane dissolved 
in four or five minutes to a pale yellow solution when shaken with 
6 c.c. of redistilled hydrogen cyanide and 12 c.c. of dry ether. After 
removing the volatile constituents of the solution in a vacuum, a 
mass of flat, six-sided needles was obtained melting at 27°5°. These 
crystals, which had a distinct odour of burnt rubber similar to that 
of the other cyanoselenium derivatives, liquefied on keeping for a 
short time to a yellow oil which did not solidify again on cooling. 
Both the oil and the original crystals gave a red ferric chloride 
coloration. Owing to this instability the crystalline cyano-deriv- 
ative was converted into copper salt, (CN-*Se-C,H,O-O),Cu, by 
dissolving in ether and shaking with aqueous cupric acetate. The 
well-defined, crystalline, pale blue copper derivative (yield 70 per 
cent.), which gradually decomposed on keeping, was readily soluble 
in chloroform (Found: N= 5°67; Se=313; Cu = 12-2. 
C,,4H,,0,N,Se,Cu requires N = 5°62; Se = 31°84; Cu = 12°76 


per cent.). 
R* 
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Selenium OC-bisacetylpropionylmethane, Se< Oot _, was 
ety 


obtained as an oil which could not be induced to crystallise on 
refluxing 1 gram of powdered selenium acetylpropionylmethane, 
2 grams of acetylpropionylmethane, and 14 c.c. of chloroform, a 
trace of solid sodium hydroxide being added as catalyst. After 
ten to fifteen minutes, the solution assumed a pink tint owing to 
a slight elimination of selenium; the chloroform and excess of 
@-diketone were removed in a vacuum over sodium hydroxide. The 
residual oily selenium bisacetylpropionylmethane, which had the 
characteristic odour of burnt rubber, was readily soluble in chloro. 
form but only sparingly soluble in petroleum. On shaking its 
warm petroleum solution with aqueous cupric acetate, the greenish- 
yellow copper salt was obtained, which gave analytical numbers 
approximating to the formula (C,,H,,0,Se),Cu. 


Il. Tellurium Series. 


Tellurium Acetylpropionylmethane Dichloride (Formula VII).—- 
Acetylpropionylmethane (3°54 grams, 2 mols.) and 3 grams of 
sublimed tellurium tetrachloride (1 mol.), suspended in 24 c.c. of 
chloroform B.P., were heated under reflux for one and a half hours, 
when the evolution of hydrogen chloride had ceased. The yellow 
filtrate from a slight deposit of tellurium was concentrated in a 
vacuum desiccator over lime until three crops of tellurium acetyl- 
propionylmethane dichloride were obtained (total 2:2 grams). This 
dichloride was almost insoluble in water, but dissolved sparingly in 
ether, benzene, or chloroform and very readily in cold acetone, from 
which solvent it crystallised slowly in large, transparent prisms 
melting with decomposition at 170—171°. When recrystallised 
from hot alcohol, the substance was obtained in white nodules 
becoming discoloured at 175° and changing to a black mass at 185° 
(Found: Cl = 22:89; Te = 40°94. C,H,0,Cl,Te requires Cl = 
22°83; Te = 41-01 per cent.). 

Tellurium acetylpropionylmethane dichloride resembled closely 
its isomeride, tellurium 3-methylacetylacetone dichloride (T., 1922, 
loc. cit.); on keeping for some time, it became brownish-grey owing 
to slight decomposition with elimination of tellurium. On repeating 
the foregoing preparation in pure “ salicylide ” chloroform, no other 
product than the dichloride was observed : 


C,H,,0, + TeCl, = CgH,0,:TeCl, + 2HCI. 
Tellurium Acetylpropionylmethane (Formula VI).—Powdered 
potassium metabisulphite (2°8 grams = 4 mols. KHSO,) was added 


during ten minutes to a well-stirred suspension of 2 grams of tellurium 
acetylpropionylmethane dichloride in 40 c.c. of ice-cold water- 
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Sulphur dioxide was evolved, the dichloride dissolved to a golden- 
yellow solution, and after removing a slight deposit of tellurium the 
filtrate was concentrated until well-defined, golden-yellow, acicular 


— prisms separated. This product was recrystallised from hot 
- ® B benzene and obtained in golden-yellow needles melting at 100° 
ed (‘2 grams, yield 79 per cent.) [Found: C = 29°85; H = 3°66; 


Te = 53°00. C,H,O,Te requires C = 30°06; H = 3°36; Te = 53°24 


bo per cent. An ebullioscopic determination of molecular weight in 
Ps benzene (c = 0°85) gave M = 233. C,H,O,Te requires M = 239°6]. 
e 


The foregoing reduction was also readily accomplished by means of 
sodium sulphite, but with a somewhat decreased yield. Tellurium 


: aetylpropionylmethane was much more soluble in water than in 
sh- organic media, but fairly soluble in cold benzene or chloroform. 
8 i Its aqueous solution, which slowly deposited tellurium, has been 
employed in bacteriological work, showing the highest germicidal 
activity of its series of tellurium derivatives (T., 1922, loc. cit.). 
he Tellurium acetylpropionylmethane dibromide, C,H,O,:TeBr,, pre- 
of § pared by mixing tellurium acetylpropionylmethane and bromine 
of § in chloroform solution, separated in pale yellow nodules, and 
rs, § When crystallised from hot alcohol was obtained in white prisms 
ww § melting and decomposing at 156° (Found: Br = 40°39. 
a &§ CsH,0,Br,Te requires Br = 40-00 per cent.). 
jl. Tellurium acetylpropionylmethane di-iodide, C,H,O,:Tel,, was 


obtained as crimson needles and in quantitative yield from its 
generators in chloroform solution; it crystallised from hot alcohol 
in reddish-purple needles; the lighter variety sintered at 130° 
and intumesced at 190°, the darker form sintered at 135° and 
intumesced at 185° (Found: I = 51°33. C,H,O,I,Te requires 
I = 51°43 per cent.). 

Tellurium O-Ethylacetylpropionylmethane Trichloride (Formula 
VIII)—Powdered tellurium acetylpropionylmethane dichloride 
(‘5 grams) was added to 25 c.c. of chloroform B.P. saturated with 
hydrogen chloride, 3 c.c. of ethyl chloride were added, and the 
yellow solution was heated under reflux for two hours. On cooling, 
a small amount of tellurium dioxide was precipitated, and the 
brownish-yellow filtrate concentrated in a vacuum over lime. The 
yellowish-brown, oily residue solidified completely to a crystalline, 
yellowish-white solid, which was extracted with cold chloroform. 
The filtered extract, when concentrated under reduced pressure, 
yielded a buff-coloured, crystalline solid, which was redissolved in 
chloroform and precipitated by light petroleum. It then separated 
in pale yellow, prismatic needles commencing to change at 112° 
and decomposing at 120° (Found: Cl = 28°50; Te = 34°12. 
C,H,,0,Cl,Te requires Cl = 28°30; Te = 33°91 per cent. ). 
R* 2 
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Tellurium O-ethylacetylpropionylmethane trichloride slowly became 
brownish-grey owing to elimination of traces of tellurium. Dis. 
solved in chloroform, it developed no red coloration with alcoholic 
ferric chloride; however, on boiling and leaving over-night, a deep 
red coloration developed. On treatment with aqueous sodium 
hydroxide, the trichloride underwent destructive hydrolysis, gave a 
greenish-yellow solution, and evolved a characteristic earthy odour 
of the O-ethyl ether of acetylpropionylmethane. 


The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for grants 
which have partly defrayed the expenses of this investigation. 
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LVII.—The Adsorption of Stannous Chloride by 
Stannic Acid. 


By GrorcE Ernest Cotiis and Joun Krerroor Woon. 


OnE of the reactions of stannic acid which has from time to time 
attracted attention is that which takes place on the addition of 
a solution of stannous chloride. Under such conditions, a yellow 
or yellowish-brown precipitate is obtained, the composition of 
which, according to the analyses of Frémy (Ann. Chim. Phys., 
1848, [iii], 23, 393), Schiff (Annalen, 1861, 120, 47), and Tschermak 
(J. pr. Chem., 1862, 86, 334), appears to vary to a certain degree 
according to the character of the stannic acid employed. It was 
observed by Lowenthal (J. pr. Chem., 1859, 77, 321), Biron (J. 
Russ. Phys. Chem. Soc., 1905, 37, 963), and others that no coloration 
or precipitate is obtained if stannous chloride is added to a freshly 
prepared, moderately concentrated solution of stannic chloride or 
sulphate, but that after some time, depending on the concentration 
of the solution, a coloration or precipitate begins to develop. This 
is explained by the gradual formation of stannic hydroxide as a 
result of the hydrolysis of the stannic salt, the hydroxide so pro- 
duced then reacting with the stannous chloride. Any condition 
which tends to prevent the hydrolysis, as, for example, the simul- 
taneous presence of a tartrate or an oxalate, causes the reaction 
to fail. Arising out of this behaviour of stannic salts, Lowenthal 
expressed the opinion that the stannous chloride reaction is not 
given by «-stannic acid, but is only obtained when the acid has 
acquired a ®-character. Evidence on this point appears to be of a 
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contradictory nature; it will, however, be readily recognised from 
what has been stated in former papers by the present authors (T., 
1922, 121, 441, 1122) that it is practically impossible to put the 
matter to a direct test owing to the fact that «-stannic acid begins, 
as soon as it is produced, to undergo condensation so that a product 
of more or less 8-character is always obtained. 

The variation in the composition of the precipitate suggests 
that it may be an adsorption product and not a true compound. 
Assuming this to be the case, it should be possible to obtain an 
isotherm of the ordinary character, and no matter how small the 
original concentration of stannous chloride was, some of the salt 
should always be left in solution. Frémy stated that by the use 
of a sufficient quantity of stannic acid it was possible to remove 
the whole of the stannous salt from solution, but this was disputed 
by Tschermak. The experiments made by the authors show that 
with different modifications of stannic acid adsorption isotherms 
of the ordinary type are obtained and that some stannous com- 
pound always remains unadsorbed, although the amount is very 
small when solutions of low concentration are used. The authors 
have also shown that both constituents of the stannous chloride 
are adsorbed by the stannic acid, although the concentration of 
the two elements in the solution is not reduced in the same pro- 
portion, a larger relative amount of tin than of chlorine being 
taken up. Probably a portion of the tin is adsorbed in the 
condition of stannous chloride and the remainder as stannous 
hydroxide. 

In accordance with the authors’ theory respecting the isomerism 
of the stannic acids, it would be anticipated that the greater the 


‘as extent to which the process of condensation takes place the greater 
J. will be the reduction in the surface of the acid. From this point 
on of view, therefore, an acid of pronounced 8-character should have a 
ly smaller adsorptive power than would be possessed by a sample of 
or acid in which the «-$-change had progressed to a lesser degree. 
yn The authors’ results showed, however, that when the behaviour 
is of equivalent amounts of two modifications of stannic acid was 
sd compared, the sample of the more pronounced §-character had the 
D- rather greater adsorptive power. It would therefore appear prob- 
in able that the amount of adsorption is not governed entirely by 
l- the size of the grains of stannic acid, but that some other factor 
n is involved; Léwenthal’s view that the stannous chloride reaction 
y is given only by @-stannic acid is in harmony with the comparative 
ti behaviour of the two samples of stannic acid employed. 

. The adsorption product contains tin in two states of oxidation 
af and might, perhaps, be regarded as a stannous salt of stannic 
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acid. Such a salt would suffer a certain amount of decomposition 
in the presence of hydrochloric acid, whilst the stannic acid would 
tend to be resolved into modifications of a lesser degree of con. 
densation, and possessing, as indicated previously, a lower adsorp. 
tive power for stannous chloride. As a consequence of these 
changes, the adsorptive power of stannic acid for stannous chloride 
should be smaller in the presence of hydrochloric acid. This antici- 
pation was borne out by the results of experiments carried out by 
the authors under such conditions. 


EXPERIMENTAL. 


The «- and §-stannic acids employed were prepared by the 
methods described in a previous paper (T., 1922, 121, 1122). 

In order to avoid the hydrolytic decomposition which always 
occurs when stannous chloride is dissolved in water, an alcoholic 
solution of the salt was prepared and filtered; solutions of varying 
degrees of concentration were then made up by diluting the clear 
filtrate with alcohol (90 per cent.). 

Twenty-five c.c. of the various solutions were shaken each with 
an amount of stannic acid corresponding with 30 millimols. of 
stannic oxide. A brownish-yellow product was immediately formed 
and, after being again shaken once or twice, the mixtures were 
kept for about two hours at the temperature of the laboratory in 
order to ensure complete adsorption and to permit of the settling 
of the solid. Portions of the clear supernatant solutions were then 
removed and the amount of tin in the stannous condition estimated 
by titration with iodine in an atmosphere of carbon dioxide; the 
initial concentration of the various solutions being known, the 
amount of adsorption could be readily calculated. The results 
obtained are shown in the following tables. 


Adsorption of Stannous Chloride. 


By a-stannic acid. By 8B-stannic acid. 


Millimols. Millimols. 
of SnO in Gram-mols. of SnO in Gram-mols, 
25 c.c. of of SnO per 25 c.c. of of SnO per 
soln. litre soln. litre 
before Millimols. of SnO after before Millimols. of SnO after 
adsorbed. adsorp- adsorbed. adsorp- 
Found. Cale. tion. ion. Calc. tion. 
5: 5-96 . . 5°55 0-46 
. 5-62 . . . 4:69 0-21 
. §-24 . . . 3-89 0-088 
4:56 . . . 2-99 0-026 
3-20 . . . 2-30 0-0077 
1-91 
1-18 
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On plotting the experimental results, adsorption isotherms of 
the ordinary type are obtained. Each of the curves may be repre- 
sented by the equation a = kc'/", where a represents the amount 
of stannous oxide adsorbed and c the concentration of the solution 
on the attainment of equilibrium. In the case of «-stannic acid, 
n= 4°1 and k = 5°89, whilst for the 8-acid the values are n = 4°65 
and k = 6°56. It will be seen from the table that the amount of 
stannous oxide adsorbed is in most cases in good agreement with 
the quantity calculated from the concentration of the solution by 
the use of the equations given above. 

It is not evident from the adsorption experiments as described 
whether the tin is adsorbed in the condition of stannous chloride 
or of stannous hydroxide; experiments were therefore made to 
gain information on this point. In the event of the tin being 
adsorbed as hydroxide the volume of alkali necessary to render the 
solution alkaline should be the same before and after adsorption, 
whilst in the event of chlorine as well as tin being adsorbed the 
volume of alkali necessary for imparting an alkaline reaction would 
be diminished. Two solutions, of different concentrations, of 
stannous chloride in alcohol were prepared and to equal volumes 
of these equal weights of 8-stannic acid were added. Equal volumes 
of each of the solutions were titrated before and after adgorption 
by solutions of iodine and potassium hydroxide, methyl-orange 
being employed as indicator with the latter. The following results 
were obtained : 


Iodine titres. Potash titres. 


¢ — eS 
Percentage Percentage 
Before. After. diminution. Before. After. diminution. 


76 23-0 12-1 47 
98 10-0 2-0 80 


It is obvious, therefore, that both elements are adsorbed, but that 
a larger proportion of tin than of chlorine is taken up. The most 
probable explanation is that a portion of the tin is adsorbed as 
stannous hydroxide. 

Influence of Hydrochloric Acid on the Adsorption of Stannous 
Chloride by Stannic Acid.—An alcoholic solution of stannous chloride 
was acidified with hydrochloric acid to avoid subsequent hydrolysis. 
To three portions (25 c.c.) of the acid liquid were respectively added 
10 c.c. of water, 5 c.c. of water and 5 c.c. of hydrochloric acid 
(3°88N), and 10 c.c. of hydrochloric acid (3°88N). To each of the 
mixtures 5 grams of a sample of @-stannic acid were added; the 
mixtures were well shaken, and after three hours the unadsorbed 
stannous compound was estimated by means of iodine. The 
results obtained are shown in the following table, the original 
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concentration of the stannous chloride and the amount adsorbed 
being expressed in terms of the iodine solution employed. 


Adsorption of Stannous Chloride in presence of Hydrochloric Acid. 


Composition of Original Final Amount Colour of 
mixture. titre. titre. adsorbed. precipitate. 


A. 25 c.c. of ro" } 28-5 13-9 14-6  Brownish-yellow 
Intermediate be- 
12-7 


10 c.c. of H,O 


B. 25 c.c. of SnCl 
5 c.c. of H,O ; tween those of A 


5 c.c. of HCl J and C. 


C. 25 c.c. of SnCl ; 
10 oa of HCl , } , 17-5 11-0 Greenish-yellow. 


5 15-8 


The influence of the hydrochloric acid in reducing the amount 
of adsorption is shown by the above figures. It will also be noticed 
that the colour of the precipitate is somewhat modified by the 
amount of acid present in the mixture. 
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LVIII.—Studies on Metal Hydrides. The Electrolytic 
Formation of Stibine in Sulphuric Acid and in 
Sodium Hydroxide Solution. 


By Henry Juiivs Satomon Sanp, Epwarp JosEPH WEEKS, and 
StanLEY Witson WoRRELL. 


THE electrolytic formation of metal hydrides either of a chemical 
or of a more physical nature is a matter of considerable importance. 
In some cases electrolytically deposited metals contain hydrogen, 
in others, such as in that of bismuth, the physical condition of the 
deposited metal is found to depend almost wholly on whether the 
conditions have been such that the intermediate formation of a 
hydride was possible or not (Sand, T., 1907, 91, 384). 

It has been known for some time that hydrides may be prepared 
from various elements by the action of nascent electrolytic hydrogen. 
The fact that hydrogen liberated from an antimony cathode contains 
a considerable percentage of stibine is mentioned by Newbery (T., 
1916, 109, 1361) and the utilisation of this circumstance for the 
preparative production of stibine has been recently advocated by 
Paneth (Z. Hlektrochem., 1920, 26, 453) in a well-known paper, in 
which references to the electrolytic preparation of other hydrides 
may be found. 

The present paper deals with the conditions under which stibine 
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js formed when hydrogen is generated on an antimony cathode in 
solutions of sulphuric acid and sodium hydroxide. The points to 
which attention has been more particularly directed are, the 
dependence of yield of stibine on overvoltage, current density, 
temperature, and concentration of the electrolyte. 


ExPERIMENTAL. 


Overvoltage.—For the measurement of overvoltage at varying 
current densities, two distinct methods are in use, and some con- 
troversy regarding their relative merits has taken place (MacInnes, 
J. Amer. Chem. Soc., 1919, 41, 2013; 1920, 42, 2233; Newbery, 
ibid., p. 2007; Dunhill, T., 1921, 119, 1081; Newbery, ibid., 1922, 
121, 7; Tartar and Keyes, J. Amer. Chem. Soc., 1922, 44, 557). 
According to the first method, a connexion is tapped off from the 
liquid in the immediate vicinity of the working electrode to an 
auxiliary electrode, and the potential between the two electrodes is 
measured during the passage of the current. This method yields 
the sum of the “ polarisation” and the “ transfer-resistance ” of 
the electrode. The importance of transfer-resistance was first 
pointed out by Gore in 1885. It represents a quantity which 
depends very greatly on conditions in the electrolyte difficult to 
control, and is of more physical than chemical interest (Sand and 
Black, Z. physikal. Chem., 1909, 70, 496; Newbery, Trans. Faraday 
Soc., 1919, 15, 126). The second method measures only the 
“polarisation ” and its results are therefore of more direct chemical 
interest. It consists in allowing the working electrode to be con- 
nected alternately with great rapidity to the source of current and 
to a connexion leading through a potentiometer to an auxiliary 
electrode. The method is an old one. The devices employed in 
the past for effecting the change of connexion generally consisted 
of tuning forks and various forms of electromagnetic interrupters, 
In more recent years, rotary commutators have been employed with 
considerable success by Pring and Tainton (T., 1914, 105, 721) 
and Newbery (T., 1914, 105, 2419; 1916, 109, 1105; 1917, 111, 
470; 1921, 119, 477). For the purposes of the present research, 
both methods were tried, and in agreement with the explanation 
given, the results obtained by the first method were variable, 
whereas quite definite results were obtained by the second, provided 
that the speed of the commutator was sufficiently great. The first 
method was therefore definitely abandoned in favour of the second. 

Determination of the Yield of Stibine—The gas generated at the 
antimony cathode consisted of a mixture of hydrogen and stibine. 
It is known that stibine is catalytically decomposed into its elements 
by concentrated acid and by alkali. In agreement with this, it 
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was found that in 8N-sulphuric acid all the stibine that had been 
originally formed could not be collected as such, since a proportion 
varying from about 35 per cent. at 0° to about 54 per cent. at 80° 
had been decomposed. This was recognised by the fact that a 
precipitate of finely divided antimony was present in the liquid. 
It was filtered off, dried with alcohol and ether, and weighed. The 
filtrate was tested for antimony, but only negligible traces were 
found. In the experiments on alkaline solutions, only about one. 
tenth of the stibine usually passed off as gas, the rest was found 
decomposed. To estimate the stibine in the gaseous mixture, it 
was passed first through a trap for condensing water, then through 
a calcium chloride tube to dry it thoroughly, and then through a 


Geissler absorption tube containing N/10-silver nitrate, where the | 


stibine was completely decomposed according to the equation 


Any subsequent interaction between the silver nitrate and the | 
silver antimonide would not afiect the weight of the bulb (Reckle- 
ben, Ber., 1909, 42, 1438). The completeness of the decomposition | 
was inferred from the fact that the last bulb of the absorption | 
apparatus always remained quite clear and colourless. After | 
leaving the Geissler absorption vessel, the gas passed through two 
further calcium chloride tubes for retaining the water vapour | 
carried over from the silver nitrate solution. The increase of | 
weight of the Geissler bulb plus that of the first calcium chloride 
tube thus gave the weight of the stibine decomposed. The weight | 
of the second calcium chloride tube, as well as of that before the | 
Geissler apparatus, was always found unchanged. The gas then | 
passed into a nitrometer, where it was measured. Before starting | 
an experiment, the apparatus was filled with hydrogen. At the | 


end of each experiment all the stibine was swept through the 


absorption vessels by means of hydrogen, which was later displaced © 
by air. The amount of electrolytic hydrogen collected in an | 
experiment was about 200 c.c. In the case of 8N-sulphuric acid, | 
and in that of the alkaline solutions, the amount of stibine was | 


calculated that corresponded with the antimony precipitated in the 
liquid, and this was added to the stibine which had been decom- 


posed by the silver nitrate. Similarly, the hydrogen derived from | 
this stibine was subtracted from that measured in the nitrometer. | 
The yields are calculated so as to express the percentage ratio of | 
the total volume of stibine to the volume of hydrogen plus stibine. | 
The, numbers thus represent the ratio of molecules of stibine to | 
total number of molecules generated at the cathode. That the | 
antimony precipitated in the strongly acid and in the alkaline | 
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- |] thermometer, a glass tube holding the 
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lutions was derived from the stibine primarily formed could also 
be inferred from the fact that when the yield of stibine corresponding 
yith this antimony plus the gas decomposed by the silver nitrate 
yas determined, perfectly definite and regular results were obtained, 
vhereas the yields of stibine determined by the silver nitrate alone 
were variable and irregular. 
Apparatus.—Fig. 1 represents the Fic, 1. 

cathode compartment of the electro- 
lytic vessel surrounded by the anode. 
It consists of a pot of porous earthen- 
ware Closed by a rubber stopper. The 
anode was a piece of platinum foil 
completely surrounding the pot in the 
4 experiments with an acid electrolyte, 
and a similar piece of nickel gauze 
when the electrolyte was alkaline. 
} Through the rubber stopper passed a 


] mercury platinum-wire connexion to 
the cathode, the stem of a tap funnel, 
] and the exit tube for the mixture of 
] hydrogen and stibine. The cathode 
j was a stick of Kahlbaum’s purest 
antimony of rectangular section dating 
from 1909. The principal dimensions 
of the piece used in the experiments 
on acid electrolytes were 0°6, 1°3, and 
2:25 cm., corresponding with a surface 
of 10°11 sq. cm.; in the experiments 
on alkaline electrolytes the dimensions 
were 2°2, 1:3, and 0°6 cm., correspond- 
ing with a surface of 9°92sq.cm. The 
antimony was suspended in the electro- 
lyte by means of a piece of platinum 
wire. 

The vessel for the auxiliary hydrogen 
electrode consists of the tap funnel 
already mentioned. It served likewise eT 
for introducing hydrogen into the 
vessel before an experiment. The tap, having been freed from 
grease, was kept closed during measurements, the electrolyte 
around the barrel providing the electric connexion. The liquid 
in the vessel above the tap was, in the case of the experiments 
with acid electrolytes, always N-sulphuric acid; below the tap 
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it was the electrolyte used. In the case of the experiments on 
alkaline electrolytes, the liquid above the tap was always the same 4 
as the electrolyte used. To obtain the theoretical overvoltage, the 
concentration and temperature of the electrolyte in the hydrogen 
electrode should be the same as those of the working electrode. A 
small correction would thus have to be applied to give the theoretical 
value. This correction would, in the case of the alkaline elec. 
trolytes, be negligible; in the case of the acid electrolytes, it would 
very rarely exceed two centivolts. The numbers given have 


therefore not been corrected, but are those directly observed. The | i 


platinum plates of the hydrogen electrode were platinised in the 
usual manner. The principal dimensions were approximately 2 | 
and 1°5 cm., and about one-half was immersed in the electrolyte. | 
The hydrogen was obtained from a cylinder of compressed com- | 
mercial hydrogen. It was washed by means of alkaline per. | 
manganate. The porous pot was placed in a beaker containing | 
electrolyte of the same composition as that in the pot, which reached | 
well up to the level of the cork. The whole was immersed in a | 
water-bath in which it could be heated to the desired temperature. | 

For the purpose of obtaining and regulating the current, a battery | 
was connected with the two end-terminals of a sliding rheostat, and © 
the current required was shunted off from one terminal and the | 
slider. The circuit comprised the electrolytic cell, a calibrated | 
ammeter of the moving-coil type, and the rotary commutator. 
The latter, as already explained, connected the cathode alternately | 
with the source of current and with the auxiliary hydrogen electrode 
through a potentiometer. Two rotary commutators were employed | 
in various experiments, and the results obtained by both were the | 
same. The first was a commutator constructed for the determin- | 
ation of electrolytic resistances by Whetham’s method, only three | 
of the eight brushes being employed in the present instance. During 
one revolution, the cathode was four times connected with each 
of the two circuits. The commutator was driven by a belt, the 
number of revolutions of which could easily be counted, so that a 
knowledge of the ratio of revolutions of belt to revolutions of the 
commutator allowed the latter to be calculated. The other com- 
mutator was specially constructed for the present work and there- 
fore could be made of much simpler design. It connected the 
cathode twice with each of the two circuits per revolution. It was 
driven directly at a very high speed from the shaft of a small electro- 
motor by means of a flexible connexion consisting of a piece of 
rubber tube. Attempts to count the speed of this commutator 
directly by means of a speed-counter failed owing to slowing down 
of the motor; the fact, however, that this commutator gave the 
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gme results as the other one, running at its highest speed, proved 
§ that its speed was at least equal to that of the latter. A complete 
gries of tests was carried out, both in acid and in alkaline solutions 
at all the concentrations and temperatures investigated, to deter- 
nine the effect of speed of the commutator on overvoltages, gnd 
showed that under all conditions it was possible to obtain values 
that were independent of further increase of speed. In the more 
oncentrated solutions, it was necessary to employ a slightiy higher 
speed than in the more dilute ones; the temperature, however, had 
little influence on the minimum speed required. The numbers 
taken from these experiments which are given in Table I will convey 


TaBLe I. 

Breaks of current per minute 1200 1750 2150 3000 3700 
Over- { (NV /32-H,SO, at 80°) 0-621 0-632 0-632 0-632 ; 0-632 
roltage | (8N’-H,SO, at 80°) 0-333 0-352 0-385 0-406 0-407 0-407 
4 Breaks of current per minute 1000 1300 1650 2650 3650 
Over- ((N/32-NaOH at 45°) 0-645 0-655 0-655 0-655 0-655 0-655 
voltage | (8N’-NaOH at 45°) 0-420 0-440 0-455 0-470 0-475 0-475 
{ sufficient idea of the effect of speed of commutator on the accuracy 
7 of the results. Several potentiometers were employed in this work. 
] They were either of the Poggendorf or of the voltmeter compensation 
1 type (Sand, 7'rans. Faraday Soc., 1909, 5, 162). They were com- 
| pared with each other and gave the same results. 


Results in Acid Solution (Experiments by 8S. W. WoBRELL). 

The experiments were carried out on sulphuric acid solutions 
1 made by diluting standard stock solutions. In Table II are given 
J results on the variation of overvoltage with current density. It 


TaBLez II. 
Variation of overvoltage with current density in acid solution. 


Strength of acid. N/32. 2N. N /4. N/2. 
Temp. 50°. 50°. 20°. 30°. 
Milliamps. Over- Over- Over- Over- 
per sq. cm. voltage. voltage. voltage. voltage. 
0-080 0-050 0-080 0-050 
0-230 0-130 0-250 0-133 
0-370 0-233 0-400 0-250 
0-510 0-360 0-530 0-400 
0-606 0-473 0-620 0-530 
0-660 Q-513 0-625 0-600 
0-680 0-525 0-684 0-640 
0-688 9» 0-695 0-650 
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will be seen that in every case the overvoltage rises until a definite 
value is reached at a current density in the neighbourhood of 
8 milliamperes per sq. cm., and then becomes constant. This 
value, which we may refer to as the critical current density, varies 
wit temperature and concentration. The corresponding point on 
the curves we shall refer to as the break-point. In Table IIIa are 
given results which show that below the break-point no stibine 
whatever is produced. In Table IIIb the yield of stibine is shown 


TaBues IIIa and IIIb. 
Variation of yield with current density in acid solution. 


Conc. Milliamps. Over- Critical Yield 
Temp. of acid. per sq. cm. voltage. over-voltage. per cent. 
(a) Current below the critical density. 
20 N 7 0-615 0-620 0 
50 - ve 0-560 0-573 “e 
30 N /2 ee 0-640 0-650 ue 
30 N/8 mn 0-690 0-696 * 
50 N/32 nS 0-675 0-688 is 
20 2] ‘a 0-550 0-570 ae 
30 as s 0-550 0-560 me 
20 4N 6 0-520 0-532 Fe 
20 8N os 0-510 0-520 ‘ 
50 is 5 0-445 0-453 * 
70 N 6 0-520 0-530 a 
70 N/2 m= 0-560 0-575 
(6) Current above the critical density. 
20 N 7 0-620 0-620 11-35 
” ” 20 ” ” 11-51 
ry ” 50 ” ” 11-80 
” ” 100 ” ” 12-21 
9 ” 150 ” 9 12-22 
50 pa 8 0-573 0-573 7-95 
29 2” 20 9 ” 8-00 
” ” 50 ” ” 8-21 
99 ”? 100 9 2” 8-46 
99 9 150 9 2 8-46 
40 N/2 8 0-634 0-634 5-07 
” 9 20 ” ” 5-14 
” ” 50 ye) ” 5-44 
” » 100 9 ve 5-53 
99 99 150 ” 29 5°55 


at various current densities above the break-point. It will be seen 
that the effect of current density on yield at given temperatures 
and concentrations is slight, the yield increasing to a constant 
value. It may be noted here that the yield is dependent also on 
the presence of other metals. Thus, experiments were carried out 
in which the cathode consisted either of copper or of platinum 
gauze, plated electrolytically with antimony from a thioantimonite 
solution. The overvoltage was found the same as with solid 
antimony. The yield, however, differed. Thus, in one instance, 


— = 


Yield per cent. 


aTles 


) are 
bine 
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1180 per cent. of stibine was obtained from pure antimony, 7°55 per 
cent. from antimony deposited on platinum gauze, and 7°27 per cent. 
from antimony deposited on copper gauze. Some of the results of 
Tables II, Illa, and IIIb are expressed graphically in Fig. 2 in 
two sets of curves. In the upper, the abscisse are current densities, 
the ordinates overvoltages. In the lower set, the abscisse are the 
same as in the upper one, and the ordinates represent yields. The 
figure thus illustrates the connexion between yield and break-point. 


Fia. 2. 
Acid solution. 
A. Overvoltage—current density curves. B. Yield-current density curves. 
| 
| ] 
—— 
‘ L ° 
es A 1/39 ab 5Q | |_| 
: > $}—__O—_¢ Dare 
e 9g c LP 40 
30-6 4 Ty oo 
305 as 3 > & > z vi +E OP 
3 0-4 ¢ 
8 4 
0:3 /. i 
0-2 ys 
es 
Mp ; 
: 4 Ni at 29 
2 10 B : 
% 1 
v 8 } a r} 
2 - NA aly di 
3 6 = 
& ‘ ' 
M4 —. 
i 
2 — 
/ L 


123 4 56 6 7 8 9 1011 12 13 14 15 16 17 18 
Milliamps. per sq. cm. 


In the following experiments a current of 50 milliamperes was 
always employed, which is considerably greater than the critical 
value (about 8 milliamps./em.?). At this current density, the 
yield has also nearly reached its maximum value. The results 
are represented graphically in Figs. 3 and 4, the tables containing 
the actual numerical values having been omitted to economise 
space. It will be seen that at a given temperature the overvoltage 
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starts from a high value at low acid concentration, and with increas. 
ing concentration gradually approaches a value which becomes § sluti 
almost independent of further increase of concentration. Similarly, § Jn 2 
at constant concentration, overvoltage decreases with increasing § + 0° 


Fia. 3. 
Acid solution. 
A. Overvoltage—concentration curves. B. Yield—concentration curves. 
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temperature. The highest value found for overvoltage was 0°740 F 
in an NV /32-solution at 0°. In the same solution, the overvoltage 
was 0°625 at 100°. In an 8N-solution, on the other hand, the 
overvoltage was 0°530 at 0° and 0-400 at 100°. As regards yield, . 
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the following extreme numbers may be quoted. In an N/32- 
solution 0°65 per cent. was obtained at 0° and only a trace at 40°. 
In a 4N-solution, on the other hand, the yield was 15°23 per cent. 
at 0° and became practically zero only at 95°. At still higher 
concentration the total yields were still higher, but as already 


Fia. 4. 
Acid solution. 


A. Overvoliage—temperature curves. B. Yield-temperature curves. 
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explained, a considerable proportion of the stibine originally formed 
was here decomposed in contact with the electrolyte. 


Results in Sodium Hydroxide Solution (Experiments by E. J. WEEKS). 


The electrolyte for these experiments was made up from carefully 
standardised stock solutions as in the case of the acid solutions. 
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TABLE IV. 


Variation of overvoltage with current density in N-NaOH 
solution at 20°. 
Milliamps. per sq. cm. 


1 2 3 4 5 6 7 8 
Overvoltage .........04 0-17 0-24 030 036 0-42 0-47 O51 0:55 
Milliamps. per sq.cm. 9 10 11 12 13 14 15 50 
Overvoltage ............ 057 0-58 0-59 0-59 0-59 0-59 0-59 0:59 
Fig. 2a. 
Sodium hydroxide solution. 
A. Overvoltage—current density curve. B. Yield-current density curve. 
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In Table IV are given results showing the variation of overvoltage 
with current density for N-sodium hydroxide at 20°. As with the acid 
solutions, the overvoltage becomes quite constant when the break- 
point corresponding with about 11 milliamps. per sq. cm. is reached. 
The results given in Table Va show that below the break-point no 
stibine at all is produced. In Table Vb are given the total yields 
of stibine produced at current densities above the critical value, 
and also the separate portions collected as gas and as metallic 
antimony. It will be seen that the total yield varies only very 


PS eee 


STUDIES ON METAL HYDRIDES. 


TABLES Va and Vb. 


10H Variation of yield with current density in N-NaOH solution 
at 20°. 
8 Milliamps, % Yield as % Yield as Total % 
L 0-55 per sq. cm. Overvoltage. gas. metal. yield. 
| oa (a) Current below the critical density. 
- 3 0-30 0 0 0 
5 0-42 99 ” ” 
6 0-47 ” ” 2”? 
(b) Current above the critical density. 
eorve 12 0-59 0-448 4-35 4-98 
; 52 = 0-472 4-39 4-862 
80 * 0-473 4-41 4-883 
150 ” ” 9° > 
Fic. 3a. 
Sodium hydroxide solution. 
A. Overvoltage—concentration curves. B. Yield—concentration curves. 
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od. J slightly with increase of current density, becoming constant above 
no § about 50 to 80 milliamps. per sq. cm. Fig. 2a represents the 


ds § results of Tables IV, Va, and Vb graphically. 


le, In the following experiments the variation of overvoltage and 
lic | of yield with concentration and temperature of the caustic soda 


was examined. The current density employed was uniformly 
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50 milliamperes per square centimetre, a value well above the critical 
current density of about 11 milliamperes per square centimetre, 
The results are plotted in Figs. 3a and 4a. The same general 
remarks hold that were made with regard to the experiments in 
acid solution. It will be noted, however, that the total yield is 
very much smaller and of this, less than one-tenth left the solution 
as stibine gas. 


Fia. 4a. 
Sodium hydroxide solution. 
A. Overvoltage-temperature curves. B. Yield-temperature curves. 
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Summary, and Discussion of Results. 


(1) The fact has already been referred to, that for an electrolyte 
of given composition and temperature the overvoltage becomes 
practically independent of current density after a certain “ critical ” 
value has been reached. Below this value no stibine whatever is 
produced, above it a yield is obtained that is influenced only very 
slightly by further increase of current density. 

(2) Perhaps the most surprising result obtained is the very 
great analogy between the curves for acid and for alkaline solution. 
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At low concentration we have in both cases very high overvoltages 
but practically no yield of stibine; with increasing concentration of 
the acid or alkali, the overvoltage, however, diminishes to a value 
almost constant at each temperature, while the yield slowly 
increases. We may conclude from these results that both acid 
and alkali act as catalysts, promoting the union between the anti- 
mony of the cathode and the hydrogen which is being produced 
with a large amount of free energy. Such catalysts we should 
expect to cause the decomposition of the stibine formed, when it 
has passed from the electrode into the liquid, where it is unstable. 
In agreement with this, we find that some of the stibine is decom- 
posed in the most concentrated acid solutions, and in all the alkaline 
ones. With rise of temperature the overvoltage decreases, the 
yield of stibine becoming smaller and finally zero. It is probable 
that these two facts are closely connected, the free energy of the 
nascent hydrogen gradually becoming too small with rise of 
temperature to allow it to form stibine. 

(3) From the results given, it is apparent that the electrolytic 
process for the preparation of stibine is quite capable of competing 
with other methods, the most favourable conditions being repre- 
sented by a compact antimony electrode in an acid solution of 
about 4NV-strength, employed at a low temperature and with a 
current density greater than the critical value of 10 milliamperes 
persq.cm. A yield of about 15 per cent. by volume may be thus 
obtained. 

(4) Free Energy of the Reaction 2Sb + 3H, = 2SbH,.—If the 
combination between antimony and hydrogen took place reversibly 
at the cathode, the overvoltage would allow us to calculate the free 
energy of the reaction, since this would be equal to the free energy 
of the nascent hydrogen (referred to ordinary molecular hydrogen). 
If f is the free energy of two mols. of stibine of temperature 7’ 
and atmospheric pressure, and 7 the overvoltage of the hydrogen 
producing this substance, then the relation would hold : 


f =6 x 965407. 


This value, it appears, must be considered an upper limit on 
almost any theory of overvoltage. Owing to the very considerable 
catalytic activity of the acid and the alkali in the more concentrated 
solutions, particularly at a high temperature, it may be taken that 
the correct value of the free energy of the reaction will not be very 
far removed from that calculated by the above formula. Thus at 
90° an overvoltage of 0°402 was observed in acid solution, stibine 
of a partial pressure of 0°01 atmosphere being produced. This 
corresponds with a free energy value of 6 x 96540 x 0°402 x 
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2°389 x 10-* = 55°6 large calories per two mols. To obtain the 
corresponding value for atmospheric pressure, we must add to the 
foregoing 2RT'log,1/0°01, that is, 6°46 large calories, making 62'] 
large calories per 2 mols. of stibine at atmospheric pressure. (R= 
1987 <x 10° large calories per mol. and degree; 7’ = 363°). In 
alkaline solution, we have an overvoltage of 0°404, producing in 
the first instance stibine of 0°0131 atmosphere pressure, and this 
yields for atmospheric pressure the almost identical value of 62:0 
large calories per two mols. of stibine. 

In a similar manner, we find from the experiments on acid solution 
at 20°, making 7’ = 293° and z = 0°520 volt, that the free energy 
of two mols. of stibine of 0°1452 atmosphere partial pressure is 
72:0 large calories, which gives a value for stibine under atmospheric 
pressure of 74:2 calories. The experiments on alkaline solutions, 
according to which the overvoltage at 20° is 0°533 for the production 
of stibine of 0°0623 atmosphere partial pressure, yield for the free 
energy of two mols. of stibine at atmospheric pressure the value 
77°0 calories. 

According to Stock and Wrede (Ber., 1908, 41, 540), the 
heat of formation of stibine is —34‘27 large calories per mol., a 
value about two and a half times as large having been previously 
determined by Berthelot and Petit (Compt. rend., 1889, 109, 546). 
Taking Stock and Wrede’s figure, the internal energy of two mols. 
of stibine is 68°5 calories, which is very close to the values for free 
energy suggested above. If we indicate the internal energy of the 
system by U and make f = — A, then according to the Gibbs- 
Helmholtz equation the gradient of free energy with temperature 
is given as 

df/dT’ = — dA/dT = (f — 0)/T. 

Substituting the values given above for f and for U, we find 
that at 100° df/dT is approximately zero, which agrees with the 
overvoltage-temperature curves. The values suggested for f at 
the ordinary temperature would lead to a very small positive 
temperature gradient for free energy, in contrast to the negative 
one following from the curves. It is therefore probable that these 
free-energy values are slightly high. 

Experiments are being continued on the relation between yield 
of stibine and overvoltage, and the concentration of hydrogen- and 
hydroxyl-ions in the electrolyte; and also on the conditions govern- 
ing the nature of the deposit from solutions containing metal-ions. 
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= LIX.—The System Chromium Trioxide—Nitric Acid— 
62'] Water. 


= § By STANLEY Aveustus Mumrorp and Lionet FEeLtx GILBERT. 


Tue solubility of chromium trioxide in nitric acid does not appear 


g in " : ; ; ‘ 
Po to have been systematically investigated. The purification of the 
62:0 anhydride by washing with nitric acid was advocated by Bunsen 
(Annalen, 1868, 148, 290) and later by Zettnow (Pogg. Ann., 1871, 
tion | 143: 468), the former employing “fuming nitric acid containing 
1g no nitrous oxides,” the latter “‘ nitric acid of not less than 1°46 sp. 
- 4 gr,” in which acid chromium trioxide is stated to be insoluble; 
eric Y Dut no later data can be traced. 
ons, TABLE I. 
tion a ca 
ne Compositions (grams per 100 grams) and densities at 25°. 
Jus Liquid phase. Wet solid. 
de, HNO). CrO,. HNO . CrO,. 
th 1-704 0 62-85 — — 
° 1-684 2-28 60-31 — — 
— 1-661 5-95 56-47 2-47 78-76 
is] 1-640 9-37 52-51 oo = 
y 1-606 13-25 48-10 6-96 74-87 
6). 1-570 19-30 41-97 3-62 74-90 
nd 1-528 26-79 34-32 12-10 70-43 
: 1-481 35-35 28-54 -_ — 
Tee 1-434 46-91 14-63 19-73 62-96 
the 1-402 59-11 4-88 23-24 61-45 
b 1-409 68-49 0-95 46-97 32-05 
a 1-440 74-47 0-27 36-09 50-90 
ure 1-456 82-90 0-06 44:18 46-19 
1-466 86-56 0-10 —_— — 
1-475 89-17 0-18 51-38 41-52 
1-503 92-63 1-89 40-54 56-11 
= 1-557 91-36 8-29 44-64 55-03 
he TaBueE II. 
at Compositions (grams per 100 grams) and densities at 45°. 
ae Liquid phase. Wet solid. 
ve - ee _ -——__—_— -_ 
- -. HNO;,. CrO;. HNO. CrQ3. 
1-695 0 63-51 — — 
1-676 2-05 61-27 me a 
ld 1-654 5-58 57-93 4:13 75-48 
d 1-619 11-47 61-71 — — 
1 1-569 19°53 43-41 10-18 68-32 
n- 1-490 33-29 29-57 ne — 
1-409 50-69 13-15 39°77 31-99 
» 1-384 65-74 2-47 27-60 59-82 
1-416 73-81 0-88 30°33 57-57 
1-450 81-55 0-44 41-50 46-93 
1-481 88-35 0-60 61-21 29-62 
1-512 91-83 3-39 — — 
j 9-42 . 
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In the present paper the results of a determination of the solu. 
bility isotherms of the system CrO,-HNO,-H,O at 25° and 45° 
are described. 

The system is of a comparatively simple character, the com. 
position of the solid phase, as determined by the “ wet solid” 
‘method, being CrO, throughout. The two isotherms are precisely 
similar in type; they exhibit no discontinuity, and differ only in 
the slightly greater solubilities of the anhydride at the higher 
temperature. 

In the tables of results (Tables I and II) the compositions of the 
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liquids and wet solids are expressed in grams per 100 grams, and 
the densities of the liquids are those in a vacuum. The values 
obtained at 25° have been plotted in the diagram. 

It will be observed that the minimum solubility of chromium 
trioxide occurs in approximately 18N-nitric acid (80 per cent.), 
corresponding with the acid of d!* 1:46 mentioned by Zettnow. 
It is of interest that an acid of this strength corresponds with the 
molecular ratio HNO;,H,O; and further, that the subsequent 
increase in solubility of the anhydride does not take effect until 
after the ratio 2HNO,,H,O has been passed. It would therefore 
appear that hydration of the nitric acid may play an important 
part in determining the solubility relations in the system. 


The 
of nit 
portic 
stron; 
95 an 
dark : 
of ch 
formé 

Th 
degre 
of th 
the se 


where 
litre « 
and 
Trans 


where 
of nit 
and t 
of a, 


and 1 
obser 
first ¢ 
as fo 
1434 
assun 


THE SYSTEM CHROMIUM TRIOXIDE-NITRIC ACID—WATER. 473 


The colours of the solutions change with increasing concentration 
of nitric acid from dark red to yellow, the solutions on the flat 
portion of the curve being light yellow. The solutions in the 
strongest nitric acids (95 and 99 per cent. with the 25° isotherm, 
95 and 97 per cent. with the 45° isotherm), however, are again 
dark red, and this, taken in conjunction with the increased solubility 
of chromium trioxide, appears to point to polymerisation or to 
formation of compounds. 

The densities of the systems may be calculated with a considerable 
degree of accuracy by employing the equation involving assumption 
of the constancy of the molecular volumes of the components in 
the solutions (Masson, T., 1911, 99, 1132), namely, 


aa + Bb + yw = 1000, 


where a, 6, and w are the concentrations in gram-molecules per 
litre of the nitric acid, chromium trioxide, and water, respectively, 
and «, 8, and y the corresponding molecular solution volumes. 
Transformed for the calculation of densities, the equation becomes 


D=K+ka+ kb, 


where D is the density of the solution containing a gram-molecules 
of nitric acid and 6 gram-molecules of chromium trioxide per litre, 


and the constants K, k,, k, are directly calculable from the values 
ofa, 8, and y. For the 25°-series, the equation is 


D = 1:1476 + 0°01663 a + 0°05198 6, 


and the calculated densities are in excellent agreement with the 
observed values, the calculated densities corresponding with the 
frst eleven measured (corrected) densities given in Table I being 
as follows: 1°704, 1°685, 1°661, 1-636, 1°605, 1°570, 1°528, 1-482, 
1434, 1°402, 1°409. At neither temperature, however, does the 
assumption of constant molecular solution volume hold for con- 
centrations of nitric acid higher than 17N. 

Subsequent to the publication of the paper referred to above, 
Dr. Masson has shown (private communication) that the con- 
cordance of the values calculated by the above equations with fact 
is probably due, not to constancy of molecular volumes, but to 
counterbalancing variations in these. The equations are therefore 
empirical but useful. This matter was studied in the present case, 
for which purpose the densities of unsaturated aqueous solutions 
of chromium trioxide were determined (Table III). The specific 
volumes of nitric-chromic solutions in water prove to be only 
approximately additive functions of those of the two solutions 
taken separately. 

VOL, CXXIII. s 
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Taste ITI, 


Densities of aqueous chromic acid solutions (M = gram-molecules 
per litre). 
At 25°. At 45°. 
ae, M. de. M. 

1-7042 10-713 1-6954 
1-5707 8-627 1-6060 
1-4835 7-288 1-5277 
1-4135 6-221 1-4593 
1-3479 5-171 1-3813 
1-2901 4-301 1-3056 
1-2401 3-536 1-2379 
1-1967 2-886 1-1831 
1-1530 2-222 1-1306 
1-1134 1-649 1-0918 
10815 ~ 1-193 1-0599 
1-0602 0-842 1-0226 
1-0256 0-398 1-0063 
1-0119 0-206 

1-0042 0-098 

1-0012 0-060 

0-9989 0-029 

0-9981 0-013 


It is of interest to note that the densities of the ternary solutions 
are within 0°25 per cent. of those calculated from the law of mixtures 
on the hypothesis that each solution consists of a saturated solution 
of chromium trioxide in water, mixed with a solution of nitric 
acid in the remaining water, and when the latter solution contains 
nitric acid and water in the molecular ratio 1:2 the ternary mixture 
is found to have the minimum density. 


EXPERIMENTAL. 


Components.—The chromium trioxide and nitric acid (up to 
69 per cent.) used were of the standard of purity demanded by the 
“A. R.” tests. The strongest nitric acid was obtained by dis- 
tillation in an all-glass apparatus, with the exclusion of light, of 
a mixture of the 69 per cent. acid with two volumes of pure concen- 
trated sulphuric acid, and subsequent fractional redistillation under 
reduced pressure (75—90 mm.) from a small quantity of pure dry 
barium and silver nitrates (compare Veley and Manley, Phil. Trans., 
1898, 191, [A], 365). The first fractions of the second distillation 
were bright orange-yellow and contained about 1°5 per cent. of 
nitrous acid, which, however, was not removable by the passage 
either of carbon dioxide through the warm acid (compare Millon, 
J. pr. Chem., 1843, 29, 349), or of ozone in the cold. The later 
fractions contained about 99 per cent. HNO,, and were either 
colourless or very slightly pale yellow, only traces of nitrous acid 
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being present. Nitrous-free acid only was employed in the con- 
centrated acid systems at 25°, the acid used for those at 45° being 
slightly yellow in colour and containing up to 0°4 per cent. of 
nitrous acid. 

Procedure—The components were mixed in suitable proportions, 
the less concentrated systems being sealed in glass tubes of about 
100 ¢.c. capacity and revolved in a thermostat, the more concen- 
| trated systems being contained in small glass-stoppered bottles 
and suspended with repeated shaking in the thermostat. Sampling 
was effected in the same way as described in a recent paper by 
Gilbert, Buckley, and Masson (T., 1922, 121, 1934), the operations 
being performed as rapidly as possible to minimise absorption of 
atmospheric moisture and loss of nitric fumes. 

Analytical Methods.—The total acidity of the samples was deter- 
mined by titrating the suitably diluted mixture with NV /10-barium 
hydroxide, using phenolphthalein, the colour change of which is 
not interfered with by the pale yellow precipitate of barium 
chromate. The method was shown by means of careful tests to 
yield results accurate to within 0-1 per cent. Estimation of the 
chromic acid by the iodometric process being here inapplicable 
owing to the presence of nitric acid (plus traces of nitrous acid), 
the chromate, in all but the solutions containing little chromium 
trioxide, was estimated gravimetrically by precipitation as mer- 
curous chromate and ignition of the precipitate. In the latter 
solutions the chromate was estimated by addition of an excess of 
N/l0-ferrous ammonium sulphate and subsequent titration with 
V/10-permanganate to determine the excess. Both methods were 
tested over the range of concentrations employed and shown to 
be accurate to within 0°15 per cent. Nitric acid was estimated 
by difference, the tests showing that in all but the very dilute 
nitric acid systems no error greater than 0°2 per cent. was 
obtained. 


Cules 
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LX.—The Action of Alcohol on the Sulphates of 
Ammonium. 


By Horace Barratt DUNNICLIFF. 


WHEN dry sodium hydrogen sulphate is treated with dry alcohol, 
it yields Na,H(SO,)., but a similar reaction is not observed when 
dry potassium hydrogen sulphate is treated with dry alcohol (Butler 
and Dunnicliff, T., 1920, 117, 649). The object of the work to be 
described was to investigate the action of alcohol on ammonium 
sulphate and ammonium hydrogen sulphate and to determine the 
best method for the preparation of the compound (NH,)3,H(SO,), 
originally reported by Mitscherlich (Pogg. Ann., 1836, 39, 198) 
and later by van Dorp (Z. physikal. Chem., 1910, 73, 284) and 
D’Ans (Z. anorg. Chem., 1913, 80, 235). 

Preparation of Materials.— Alcohol was dried with lime as 
described in the previous work (loc. cit.), and controls were carried 
out on sodium and potassium hydrogen sulphates. The alcohol 
was considered ready for use if sodium hydrogen sulphate, when 
treated with five times its weight of alcohol, gave a product having 
an acidity of not less than 18°60 per cent. or if potassium hydrogen 
sulphate, similarly extracted, gave a product showing a fall of 
acidity of not more than 0°3 per cent. All the early experiments 
were carried out with lime-dried alcohol, but subsequently con- 
siderable quantities of alcohol were dried by the following method. 

Alcohol (absolute) was treated with small pieces of calcium 
carbide. Effervescence took place and continued for some time. 
The alcohol was then boiled on a water-bath for some hours over 
fresh calcium carbide under reflux. After cooling, the total cess- 
ation of evolution of gas was observed by connecting an alcohol 
manometer to the flask. The spirit was first distilled under reduced 
pressure, and the runnings, which at first had an unpleasant odour, 
were discarded until practically no foreign smell was noticeable 
in the distillate. The main bulk of the alcohol was then distilled 
from a water-bath at atmospheric pressure. B. p. 77°1—77:2°/ 
726 mm. (Lahore). 

The alcohol had a slight foreign odour, but no impurity could 
be detected. The efficiency of this alcohol as tested by controls 
showed that it is indistinguishable for the present purpose from 
the best samples of alcohol dried by the lime method. 

Ethyl ether, alcoholic sulphuric acids, sodium sulphate, and 
sodium hydrogen sulphate were prepared by the methods already 
described (loc. cit.). 

Ammonium Sulphaie——Ammonia gas from pure ammonia 
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“fortis ’? was passed into a solution of pure sulphuric acid in water 
util the solution smelt of ammonia and the reaction was alkaline. 
The crystals were filtered off and left on a porous plate in a desic- 
cator for fourteen days. The ammonium sulphate was powdered 
and extracted with dry ether in a Soxhlet apparatus (Found : 
80, = 72°76; NH, = 27°39. Calc. for (NH,),SO,, SO, = 72°70; 
NH, = 27°30 per cent.). 

Ammonium Hydrogen Sulphate——Molecular proportions of sul- 
phuric acid and ammonium sulphate were dissolved in water and 
concentrated on a water-bath until crystals separated. The solution 
was cooled and the crystals which separated were quickly pressed 
between filter paper and then left on a porous saucer in a desiccator 
over sulphuric acid for some days. The crystals were extracted 
with ether in a Soxhlet apparatus until the runnings were neutral. 
This was found to be the most efficient method for the elimination 
of traces of water and sulphuric acid from the product (Found : 
H,SO, = 42°56; SO, = 83°45; NH, = 15°59. Calc. for NH,HSO,, 
H,SO, = 42°61; SO, = 83°47; NH, = 15°67 per cent.). M. p. 
145°0°. The substance is extremely hygroscopic and was preserved 
in glass bottles in desiccators. 

Action of Alcohol or Ether on Ammonium Sulphate—Ammonium 
sulphate is not attacked by either dry alcohol or dry ether. If 
the sample contains any moisture, either of these two solvents 
extracts it. 

Action of Alcohol or Ether on Ammonium Hydrogen Sulphate. 
—Ether has no action on ammonium hydrogen sulphate except to 
extract traces of moisture or free sulphuric acid from it. 

Ammonium hydrogen sulphate (H,SO, = 42°56 per cent.) was 
shaken with seven times its weight of dry alcohol for eighteen hours. 
The product was quickly filtered and then extracted with ether 
in a Soxhlet apparatus. The washing was complete when litmus 
paper from which the ether had completely evaporated was un- 
changed by the extract. A typical sample of the product gave the 
following analysis: H,SO, = 19°73; SO, = 77:77; NH, = 21°72. 
Theory for (NH,)sH(SO,), requires H,SO, = 19°84; SO, = 77°69; 
NH, = 21:90 per cent. Hence the action of seven parts of alcohol 
on one part of ammonium hydrogen sulphate is to give an inter- 
mediate sulphate having the formula (NH,),H(SO,),, corresponding 
with that formed by the action of alcohol (7 parts) on sodium 
hydrogen sulphate (1 part). The alcohol first rapidly extracts 
the sulphuric acid and partial esterification follows. Similar 
results are obtained when the ratio of alcohol to NH,HSQ, is 5: 1. 
This triammonium hydrogen disulphate is not deliquescent and 
decomposes before melting. On treatment with a fresh quantity 
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of dry alcohol, (NH,),H(SO,). loses a further small quantity of 
acid (0°3 to 0°5 per cent.) (compare T., 1920, 117, 653). This 
reduction of acidity is not observed when the compound is treated 
with alcoholic sulphuric acid (about 3°8 per cent. H,SO,) produced 
in a previous extraction. 

Commercial “* Pure” Ammonium Hydrogen Sulphate.—By taking 
advantage of this reaction, the constitution of commercial samples 
of ammonium hydrogen sulphate may be investigated by a similar 
procedure to that given in T., 1920, 117, 666 for the determination 
of the constitution of nitre cake. 

All the samples of commercial “ pure’ ammonium hydrogen 
sulphate available contained moisture. They were dried by ether 
extraction. No dried sample examined had a higher acidity than 
38°00 per cent. In examining the constitution on the analogy of 
nitre cake (loc. cit.), three possibilities have to be considered. 


bf 


(a) The commercial hydrogen sulphate is a mixture of ammonium 
sulphate and ammonium hydrogen sulphate, 

(5) it is a mixture of ammonium sulphate, ammonium hydrogen 
sulphate, and intermediate sulphate, or 

(c) it is a mixture of ammonium hydrogen sulphate and the 


intermediate sulphate. 


It is possible to distinguish between these three: (a) and (b) 
will be acted upon by alcohol, giving a product which has an 
acidity lower than that of the intermediate sulphate (19°84 per 
cent.), since, in each case, the ammonium hydrogen sulphate will 
be acted upon by the alcohol, giving (NH,),H(SO,),, and the normal 
sulphate will act as a diluent and diminish the acidity of the product. 

To distinguish between (a) and (b), use is made of the fact that, 
in the former case, alcohol extracts two-thirds of the total acid 
present, whilst, in the latter case, less than two-thirds of the acid 
present is extracted by treatment with alcohol. 

In the third case, (c), the acidity of the product after treatment 
of the commercial hydrogen sulphate with alcohol will be 19°84 per 
cent. or thereabouts. 

Analysis of a particular sample of dried “ pure” ammonium 
hydrogen sulphate before treatment with alcohol gave H,SO, = 
37°66; (NH,).SO, = 62°41. Theory for NH,HSO, requires 
H,SO, = 42°61; (NH,),.SO, = 57°39 per cent. 

After extraction with alcohol (5 parts) and washing with ether, 
analysis gave: H,SO,= 19°66; NH,= 21°81; SO, = 77°74. 
Theory for (NH,),H(SO,), requires H,SO, = 19°84; NH, = 21°90; 
SO, = 77°69 per cent. 

Hence the dried commercial hydrogen sulphate_examined _consists 
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of a mixture of ammonium hydrogen sulphate (78°25 per cent.) with 
the intermediate sulphate (21°75 per cent.). 

Calculation shows that, had the sample consisted of a mixture 
of ammonium sulphate with the hydrogen sulphate, the theoretical 
acidity after alcohol treatment and washing with ether would have 
been 16°76 per cent. 

Preparation of the Intermediate Sulphate——This was attempted 
by the following methods : 

(1) When ammonium sulphate is mixed with ammonium hydrogen 
sulphate and the mixture raised to a temperature of 190°, the inter- 
mediate sulphate is formed as in the case of the sodium salts (loc. 
cit.). With excess of the hydrogen sulphate, a quantitative result 
is obtained, but the explanation of the preparation is complicated 
by the fact that ammonium sulphate readily decomposes when 
heated and will itself give the intermediate sulphate (when heated 
in a platinum dish to 320°) (W. Smith, J. Soc. Chem. Ind., 1895, 
14, 629; 1896, 15, 3). The products of the action of ammonium 
sulphate with excess of fused ammonium hydrogen sulphate gave, 
on treatment with alcohol, residues having acidities ranging from 
19°66 to 19°82 per cent. 

(2) Action of concentrated sulphuric acid on dry ammonium 
sulphate. The two substances were triturated together and then 
put into a desiccator. Original acidity of the product = 20°34 
per cent. Acidity after extraction with ether = 15°26 per cent. 


tity of 

This 
reated 
duced 


taking 
mples 
imilar 
lation 


rogen 
ether 
than 


ry of 


ium 


ogen 


the 


bes This indicates that about 25 per cent. of the acid had, up to that 
vill @ time, failed to combine with the ammonium sulphate to form 
nal § either of the compounds under investigation. After twenty-four 
ct, | hours, the ether-extracted substance had an acidity of 16°23 per 
at, cent. Determinations of acidity after treatment with alcohol for 
sid twenty-four hours and subsequent extraction with ether gave 
sid the following results : 


(a) Immediately after trituration  .........sceeeseeeees 5-89 per cent. 
(6) About four hours after trituration§ ............++. ae 
(c) Thirty-six hours after trituration .............++++. 10-30 


Theoretical acidity, if all the acid were combined as ammonium 
hydrogen sulphate, = 7°80 per cent. 

These results indicate that the system (NH,),SO,-H,SO,-H,0 is 
gradually coming to a state of equilibrium. The first combination 
is probably as hydrogen sulphate, and although the intermediate 
sulphate is subsequently formed (c), a quantitative result has 
never been obtained. The possibility that the intermediate sulphate 
is formed to this extent by the action of alcoholic sulphuric acid 
(produced by the action of alcohol on the hydrogen sulphate present) 
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on the ammonium sulphate is negatived by a subsequent series of 
experiments (vide infra). 

(3) When a solution of ammonium sulphate (3 mols.) and sul. 
phuric acid (1 mol.) was evaporated on a water-bath until the 
residue appeared to be dry, analysis showed the presence of 4 
notable quantity of water. After being left in an air-oven at 
110—120° for seven to eight hours, the acidity of the substance 
was always high, that is, the percentage of acid was greater than 
corresponded with the weight of acid added (19°84 per cent). 
Seven separate preparations yielded acidities varying between 
20°95 and 22°45 per cent. and, after extraction with ether, the 
acidities rose to 20°99—22°50 per cent. These results were only 
consistent in the high percentage of acid and suggested that the 
substance was decomposing with evolution of ammonia. Dry 
triammonium hydrogen disulphate, prepared by the action of 
alcohol on ammonium hydrogen sulphate, was left in the oven at 
about 120° for several hours, and the acidity rose from 19°75 to 
20°08 per cent. This method was therefore also rejected. 

(4) Instead of attempting to drive off by heat the last traces 
of moisture from the preparation made according to method (3), 
drying by ether extraction was tried. By this means preparations 
(theoretical acidity 19°84 per cent.) having acidities of 19°66—19°43 
per cent. were obtained. The acidity of the first ether washings 
showed that a little acid was still uncombined. If these prepar- 
ations consist of the intermediate sulphate, treatment with alcohol 
will only reduce the acidity slightly (not more than 0°5 per cent., 
p. 478). On treatment of these preparations with alcohol (5 parts) 
and extraction with ether, residues having acidities ranging from 
18:20 to 18°08 per cent. were obtained. If the residue had con- 
sisted of a mixture of normal and hydrogen sulphates, the acidities 
of the residues after alcohol treatment would have been 7°62—7°45 
per cent. Hence there is considerable formation of the inter- 
mediate sulphate on evaporation and the preparation consists 
principally of the intermediate sulphate with smaller quantities 
of the normal and hydrogen sulphates. The possibility that the 
intermediate sulphate is formed by the action of alcohol on a 
mixture of ammonium sulphate with the hydrogen sulphate produced 
by the action of alcoholic sulphuric acids formed in the reaction is 
denied by direct proof (vide infra). The action of alcohol on a 
mixture of pure ammonium sulphate and pure ammonium hydrogen 
sulphate sometimes gives an acidity slightly higher than that 
corresponding to the complete conversion of the hydrogen sulphate 
into the intermediate sulphate. 

(5) Fractional crystallisation. When a solution of equimolecular 
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quantities of sulphuric acid and sodium sulphate is evaporated and 
the solid phase which separates is removed at frequent intervals, 
the latter is found to consist initially of sodium sulphate and later 
of crystals of increasing acidity. Dried, clear crystals of one crop, 
A (H,SO, = 18°71; Na,SO, = 81°16 per cent.), were treated with 
seven times their weight of dry alcohol for eighteen hours. The 


tance crystals retained their shape and appeared clear and unchanged. 
than @ After washing with ether, the acidity of the alcohol-treated crystals 


was 18°49 per cent. The next crop of crystals, B (H,SO, = 20°18; 
Na,SO, = 79°70 per cent.), when similarly treated, gave an acidity 
of 18°50 per cent. and showed two distinct phases, (1) apparently 
unchanged crystals, and (2) a white, opaque solid clinging to them. 
The first crop of crystals, A, appears to be the crystalline modification 
of the amorphous Na,H(SO,), produced by the action of alcohol on 
sodium hydrogen sulphate, and the second crop, B, to consist 
mainly of A together with some sodium hydrogen sulphate, which 
has separated as a subsequent phase [Na,H(SO,), requires H,SO, = 
18°71; Na,SO, = 81°29 per cent.]. 

Attempts to prepare triammonium hydrogen disulphate by 
removing the solid phase at frequent intervals from an evaporating 
solution of equimolecular quantities of sulphuric acid and ammonium 
sulphate were unsuccessful. Crops showing promising acidities of 
about 19°84 per cent. H,SO, proved to be mixtures. Analysis by 
the method described above under “ Commercial ‘ pure ’ ammonium 
hydrogen sulphate ” indicated the presence of a large proportion 
of the intermediate sulphate, but the yield was never even 


Cn approximately quantitative. 

a Hence the best method for the preparation of triammonium 
n. § Aydrogen disulphate is by the action of 5 to 7 parts of dry alcohol 
eg § 1 part of dry ammonium hydrogen sulphate and extraction of 
15 the product of the reaction with ether until the runnings are neutral. 


Action of Alcoholic Sulphuric Acids on Ammonium Sulphate and 
Ammonium Hydrogen Sulphate. 


In the analysis of mixtures of the sulphates, the possibility of 
the vitiation of results recorded above (owing to the action on 
ammonium sulphate of alcoholic sulphuric acids produced by the 
action of alcohol on the hydrogen sulphate present) is one that 
requires attention. Hence the action of alcoholic sulphuric acids 
of different concentrations on dry ammonium sulphate and 
ammonium hydrogen sulphate has been examined. As, in the 
work recorded, the time of reaction had in each case been limited 
to eighteen hours with shaking, the alcoholic sulphuric acids were 


allowed to react for that period. For the same reason, the weight 
s* 
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of alcoholic sulphuric acid was always five times the weight 
of solid taken. These results are therefore not absolute. They 
were obtained to establish a control and are adequate for the present 
purpose. The work was done at laboratory temperature. The 
products of the reaction were extracted with dry ether until the 
washings were neutral. 


TABLE I. 


Action of Alcoholic Sulphuric Acids on Ammonium Sulphate. 


Percentage 
Percentage acidity of residue 
Hours of ether acidity of after treatment 
Percentage extraction until residue after with alcohol 
of “‘ total ” * washings were washing and washing 
sulphuric acid. neutral. with ether. with ether. 
2-01 
3-50 
4-62 
6-50 
8-40 
9-75 
10-45 
17-42 
19-78 
36-93 
42-45 
42-50 
42-62 
42-48 
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A comparison of the results in column 3 with those for the sodium 
salt (T., 1920, 117, 658; Table V, column 6) reveals the fact that 
ammonium sulphate is more readily attacked by the alcoholic 
sulphuric acids than the sodium salt is by alcoholic sulphuric acids 
of the same strength. The alcoholic sulphuric acid does not 
approach exhaustion—an equilibrium is being gradually established 
between the liquid phase and the solid phases, (NH,),SO, and 
x(NH,),SO,,yH,SO,. In these control experiments it is doubtful 
if the reaction was complete at the lower concentrations. 

With ammonium hydrogen sulphate, the equilibrium between 
the liquid phase and the solid phases appeared to be established. 
The results suggest changes of solid phase at about 7 * per cent. 
concentration and somewhere between 21 and 31 per cent. con- 
centration, respectively. The investigation of this ternary system, 
(NH,),SO,-H,SO,-C,H,-OH, is being continued. In a mixture of 
equimolecular weights of ammonium sulphate and ammonium 


* This includes acid originally present in the alcoholic sulphuric acid plus 
acid extracted from the ammonium hydrogen sulphate. 
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TABLE IT. 


Action of Alcoholic Sulphuric Acids on Ammonium Hydrogen 
Sulphate. 
Percentage 
Hours of ether acidity of 
Percentage extraction before residue after 
of sulphuric washings were washing with 
acid (“‘ total ’’). neutral. ether. 
(i) 1-03 3-0 19-82 
(1i) 1-71 3-0 19-86 
2-90 3-5 19-95 
4-66 4:5 20-26 
5-90 6-0 21-76 
7-81 8-0 22-06 
21-00 13-0 28-52 
31-00 16-0 42-64 
41-05 19-0 42-62 
51-00 23-0 42-68 


hydrogen sulphate, the acidity extracted from the hydrogen 
sulphate would make, with the alcohol present, an alcoholic sul- 
phuric acid of about 2°6 per cent. strength. This would have an 
appreciable action on the ammonium sulphate present and account 
for the slightly high results obtained for residues after extraction 
of the mixture with alcohol, and indicating a somewhat high content 
of (NH,),H(SO,),. At the same time, it is possible to distinguish 
between a mixture of the normal sulphate with (a) the hydrogen 
sulphate and (b) the intermediate sulphate. In doubtful cases, 
experiments were repeated in which the weight of alcohol was 
increased to ten times the weight of solid used in the experiment. 
In Table II, the total acidity of the liquid phase after extraction in 
(i) is more than 6 per cent. and in (ii) nearly 7 per cent. The 
inference is that, in order to obtain triammonium hydrogen di- 
sulphate the quantity of alcohol used in the extraction of ammonium 
hydrogen sulphate should be such that the concentration of the 
alcoholic sulphuric acid produced is lower than about 6 per cent. 


Summary. 


(1) Triammonium hydrogen disulphate, (NH,),;H(SO,)., may be 
prepared by the action of dry alcohol (5—7 parts) on dry ammonium 
hydrogen sulphate (1 part) and subsequent washing with ether. 

(2) Triammonium hydrogen disulphate is not deliquescent. It 
decomposes before melting and is slightly attacked by pure, dry 
alcohol. 

(3) Commercial ammonium hydrogen sulphates are mixtures of 
NH,HSO, with (NH,),H(SO,), and a little moisture. 

(4) Alcoholic sulphuric acids react with the normal and hydrogen 


sulphates of ammonium more rapidly than alcoholic sulphuric 
s*2 
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acids of the same strength do with the normal and hydrogen 
sulphates of sodium. : 


I am indebted to Bhai Sachdev Singh for assistance in the 
experimental work recorded in this paper. 


THE CHEMICAL LABORATORIES, 
GOVERNMENT COLLEGE, 
LAHORE, PungAB, INDIA. [Received, October 26th, 1922.) 


LXI.—The Nitration of Benzaldehyde and the Monotropy 
of o-Nitrobenzaldehyde. 


By Oscar Liste Brapy and SamMuEeL Harris. 


As m-nitrobenzaldehyde is an important intermediate in the manu- 
facture of certain dyestuffs, it is surprising that there is so little 
information available on its preparation by the nitration of benz- 
aldehyde. Benzaldehyde was first nitrated by Bertagnini (Annalen, 
1851, 79, 259), who used both fuming nitric acid and a mixture of 
nitric and sulphuric acids. He obtained a solid melting at 46°, 
together with an oil, and oxidised the former to a nitrobenzoic acid 


which he did not, however, identify. Lippmann and Hawliczek 
(Ber., 1876, 9, 1463), by adding 1 volume of benzaldehyde to 
20 volumes of a mixture of 1 volume of nitric acid and 2 volumes 
of sulphuric acid, obtained a semi-solid product. After expressing 
the oil and crystallising the solid residue from alcohol, they obtained 
a pure compound melting at 58° which they pointed out was m- 
nitrobenzaldehyde and formed the main product of the reaction. 
They treated the oil with sodium bisulphite solution, extracted 
the unattacked portion with ether, and distilled it in a vacuum. 
The distillate on analysis was found to have the same composition 
as a nitrobenzaldehyde, but they state that oxidation converted 
it into benzoic acid. This fact taken with its apparent non- 
reactivity with sodium bisulphite led them to suggest that the 
oil consisted of benzoyl nitrite, CgH;-CO-NO,. Rudolph (Ber., 
1880, 13, 310), however, employing both Bertagnini’s and Lipp- 
mann and Hawliczek’s methods of nitration, found that after 
shaking the oil with sodium bisulphite solution it yielded on 
oxidation o-nitrobenzoic acid, and expressed the opinion that 
o-nitrobenzaldehyde was present and that this compound did not 
react with sodium bisulphite. Widman (Ber., 1880, 13, 678), 
using a nitrating mixture of five volumes of fuming nitric acid and 
ten volumes of sulphuric acid at a temperature not exceeding 15°, 
obtained a yield of 70 per cent. of the theoretical amount of pure 
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m-nitrobenzaldehyde and some 30 per cent. of oil. Friedlander 
and Henriques (Ber., 1881, 14, 2801), nitrating with a mixture of 
slightly more than the calculated quantity of potassium nitrate 
dissolved in concentrated sulphuric acid at a temperature of 
30—35°, obtained similar results and confirmed the observation 
that the oil on oxidation yielded o-nitrobenzoic acid; moreover, 
they showed, contrary to the opinion of Rudolf, that o-nitro- 
benzaldehyde formed a sodium bisulphite compound. Ehrlich 
(Ber., 1882, 15, 2010) added 100 grams of benzaldehyde to a solution 
of 110 grams of potassium nitrate in concentrated sulphuric acid 
at a temperature not exceeding 5° and claims to have obtained a 
95 per cent. yield of m-nitrobenzaldehyde. He does not, however, 
state whether this was 95 per cent. of that possible or 95 per cent. 
of the weight of benzaldehyde used; if the latter, it corresponds 
to 67 per cent. of theory. 

The statement is made in text-books (compare Cain, ‘‘ Manu- 
facture of Intermediate Products for Dyes,” 2nd ed., p. 144) that 
2 per cent. of o-nitrobenzaldehyde is formed in the nitration of 
benzaldehyde, the rest being the m-isomeride, but there seems to 
be little published evidence in support thereof. In no case has 
o-nitrobenzaldehyde or a simple derivative been isolated from the 
nitration product, the only method used for identification being 
oxidation to o-nitrobenzoic acid, a not entirely satisfactory one. 
However, by partial reduction of technical m-nitrobenzaldehyde, 
reputed to contain 25 per cent. of o-nitrobenzaldehyde, with sodium 
hyposulphite, o-aminobenzaldehyde has been isolated in the form 
of its anhydro-compound, NH,°C,H,-CH:N-C,H,-CHO (D.R.-P. 
218364); but again no evidence is forthcoming of the method of 
determination of the amount of o-nitrobenzaldehyde originally 
present in the technical product, although the patent claims that 
the yield of the anhydro-aminobenzaldehyde is quantitative. 

The problems which presented themselves were, therefore, the 
detection of o-nitrobenzaldehyde, the search for small quantities 
of p-nitrobenzaldehyde, and the determination of the quantities 
of the isomerides present in the nitration product of benzaldehyde. 

Experience shows that the solubility of isomeric organic com- 
pounds of closely related constitution frequently decreases with 
tise in melting point; the phenylhydrazones, therefore, seemed to 
offer a reasonable prospect of separation of the o- from the m- 
nitrobenzaldehyde, as the phenylhydrazone of the former melts 
some 30° higher than that of the latter and would probably tend 
to accumulate in the least soluble fraction, the easiest one to isolate. 
This was found to be the case, and a considerable quantity of the 
phenylhydrazone of o-nitrobenzaldehyde was obtained from the 
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oil formed in the nitration of benzaldehyde. The phenylhydrazoneg 
do not, however, offer a convenient method for the detection of 
small quantities of p-nitrobenzaldehyde in the mixture, as there 
is little difference between the anelting points of the o- and p. 
compounds. On the other hand, p-nitrobenzaldehyde forms a 
very sparingly soluble azine of high melting point, so the mixture 
of azines obtained from the oil was fractionally crystallised, 
Although o-nitrobenzylideneazine was isolated, no evidence of the 
presence of p-nitrobenzylideneazine was obtained. It seems that 
the product of nitration of benzaldehyde consists essentially of a 
mixture of o- and m-nitrobenzaldehydes and that if any p-nitro. 
benzaldehyde is present it is in very small amount. 
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In order to determine the amount of o-nitrobenzaldehyde present 
in the mixture the method of thermal analysis was employed, the | 
binary fusion diagram of o- and m-nitrobenzaldehydes being 
constructed (Fig. 1). 

Time-—cooling curves for pure o-nitrobenzaldehyde showed that | 
this compound exists in two forms, the 8-, or unstable, form freezing © 
first at 37°9° and the «-, or stable, form afterwards at 40°9°. The 
phenomena observed on cooling o-nitrobenzaldehyde are analogous 
to those displayed by the mixture of phenoi and p-toluidine 
described by Philip (T., 1903, 83, 828), where two forms of the 
compound of these substances separate (compare also Pickering, 
T., 1895, 67, 669, who obtained two forms of monochloroacetic 
acid). Three examples giving the thermometer readings at minute 
intervals will indicate the behaviour of o-nitrobenzaldehyde on 
cooling from 55°. (1)... 41°7°, 40°6°, 39°6°, 38°9°, 38:2°, 37°5°, 
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'YDE 


lrazones 875°, 37°8°, 37°9°, remains constant for twelve minutes, 38°1°, 38°6°, 
tion of §°8'6°, 39°3°, 40°1°, 40°3°, 40°4°, 40°5°, 40°5°, 40°5°, .. . (2)... 
412°, 39°9°, 39°1°, 38°3°, 37°6°, 37:0°, 36°5°, 36°6°, 37°9°, remains 
_feonstant for eight minutes, 38°0°, 38°2°, 38°5°, 38°8°, 40°6°, 40°7°, 
40'8°, 40°8°, 40°8°, 40°8°, . . . (3) . . . 39°0°, 38°5°, 38°0°, 37°6°, 
$74°, 37°8°, 37°9°, 37°9°, 37°9°, 38°0°, 38°3°, 38°6°, 39°2°, 39°9°, 
402°, 40°4°, 40°5°, 40°6°, 40°7°, 40°8°, 40°8°, 40°8°, 40°9°, 40°9°, 
40'9°, 40°9°, 40°8°, 40°8°, 40°8°. . . . Some ten cooling curves were 
taken and in every case two arrests were observed ; the first occurred 
at 37°8° or 37°9°, but the second was less regular, 40°4° being the 
ninimum and 40°9° the maximum, the higher result being usually 
obtained if the arrest at the lower temperature was not too pro- 
longed. The longest arrest at the lower temperature was fifteen 
minutes and the shortest two minutes. The regularity of the 
rsults even when different degrees of supercooling occurred seems 
to remove all possibility that the two arrests were due to the rate 
of cooling exceeding the rate of liberation of heat during the early 
stages of crystallisation. When the material, cooled from 55°, 
was seeded with ordinary o-nitrobenzaldehyde at 40°, the tem- 
perature continued to fall until it was below the freezing point of 
the 8-form and then rose continuously but very slowly, no arrest 
occurring at the freezing point of the 8-form; the final temperature 
attained, however, was never quite as high as that observed in the 

experiments described above. It seems probable that the better 
results for the freezing point of «-o-nitrobenzaldehyde obtained in 
# the former experiments were due to the formation of a covering 
of the B-form on the walls of the tube which acted as an efficient 
¥ insulator for the portion remaining unsolidified, whereas when 
seeding is employed the a-form crystallises very slowly throughout 
the mass of the liquid. 

The unstable $-o-nitrobenzaldehyde can be obtained by fusing 
the aldehyde, cooling rapidly, and scratching with a platinum wire ; 
it melts in a capillary tube at 40° as compared with 43°5° for the 
stable «-modification. The determination of the melting point was 
carried out by melting a small quantity of the aldehyde in a capillary 
tube, care being taken to avoid the presence of nuclei of the com- 
pound in the upper part of the tube by warming the whole tube 
to about 50°; the tube was cooled and crystallisation induced by 
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ne 
he @ scratching the liquid with a fine platinum wire. When the solid 
2, was formed, the tube was placed in a bath at 35°, and the tem- 


perature very cautiously raised, when melting took place at 40°. 
The tube was then cooled and the liquid inoculated with a very 
small amount of the stable aldehyde and left for some time; on 
redetermining the melting point, it was found to have risen to 43°5°. 
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The $-compound cannot be preserved for any length of time, 
the change to the «-form starting after a few minutes and being 
very striking when observed under the microscope. A small 
quantity of the aldehyde was melted on a slide, cooled, and scratched 
at the edge with a platinum wire, when crystallisation took place 
rapidly with the formation of a transparent mass of large crystals, 
radiating from the point where crystallisation started. After 
some minutes, one or two nuclei appeared in the form of small, 
opaque spots which slowly grew and coalesced until the whole 
material had become opaque. The phenomena could be reproduced 
by again melting the solid, and centres of change could be started 
by touching the unstable solid with the «-form. When a thin 
film of aldehyde was obtained by covering the liquid with a slip 
and inducing crystallisation as before, long crystals of §-0-nitro. 
benzaldehyde were obtained, radiating from the point of crystallis. 
ation. Under these conditions, a somewhat longer period elapsed 
before the change started (about ten minutes), but when the 
nuclei had attained some size their growth could be observed as 
a darker area spreading through the mass. When the change was 
complete, the original pattern of the crystals remained, but over 
the whole surface there appeared smaller radiating crystals, of 
which the longer axes were at an angle to those of the original 

crystals. 

The separation of the two forms of o-nitrobenzaldehyde was 
observed on the ortho-side of the binary fusion diagram, two 
freezing points being obtained with mixtures containing up to 
30 per cent. of m-nitrobenzaldehyde. The separation of the @-form 
is indicated by the broken curve. Considerable difficulty was 
experienced in determining the freezing points of mixtures of o- 
and m-nitrobenzaldehydes containing from 20 to 60 per cent. of 
the former. There was evidence of the separation of an unstable 
form of m-nitrobenzaldehyde, although cooling curves taken with 
the pure compound gave no indication of two arrests. With 
mixtures containing in the neighbourhood of 20 per cent. of 
o-nitrobenzaldehyde, two distinct arrests in the cooling curve were 
obtained, the first being some 4° lower than the second. The lower 
arrest was more prolonged if the mixture was melted at 60° and 
was much less noticeable if the mixture was melted at 55° or seeded 
with solid m-nitrobenzaldehyde. In other cases, however, where 
mixtures containing more o-nitrobenzaldehyde were used, although 
there was plain indication that two arrests occurred, the temperature 
at which the first arrest took place was irregular, depending on 
slight variations in the rate of cooling, stirring, etc.; for this reason 
the curve for the first arrest has not been plotted. An inspection 
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of the mixture containing 19 per cent. of o-nitrobenzaldehyde 
during cooling gave an indication that a change of form took place. 
A mixture was cooled from 55°; the temperature fell to 34°5° and 
then rose to 38°3°, where it remained stationary for three minutes ; 
the temperature then fell to 36°9° very slowly, when the mixture 
was removed from the jacket and examined. It was found that 
in the translucent, crystalline magma there were floating a number 
of opaque nuclei; the tube was replaced in the jacket and after 
two minutes there was a slow rise in temperature, followed by a 
rapid rise, the final temperature attained being 39°3° as against 
42°6°, the highest freezing point obtained for this mixture. The 
low final temperature was no doubt due to over-cooling. As, 
however, the appearance of the nuclei described above is the only 
direct evidence so far obtained of the separation of a second form 
of m-nitrobenzaldehyde, it cannot yet be stated definitely that 
such a form exists, as the irregularity of the results when more 
o-nitrobenzaldehyde is present suggests that another explanation 
might be required. 

When the amount of o-nitrobenzaldehyde was increased to 37°5 
per cent., the freezing point of the mixture proved very difficult 
to determine, and this was the case with all the remaining freezing 
points on this side of the curve, the values obtained depending on 
the rate of cooling and the amount of supercooling ; seeding did 
not prove an effective remedy. In the cases of a 45 and a 50 per 
cent. mixture, no arrest in the cooling curve was obtained until the 
eutectic point was reached, namely, 12°5°, but having solidified, 
the mixtures did not completely melt when kept for some days at 
18°. It seemed that the difficulty was due to the very slow rate 
of crystallisation of the m-nitrobenzaldehyde with the possible 
complication of the separation of an unstable form of lower melting 
point. In order to determine the true freezing points it was neces- 
sary to keep the mixtures at constant temperature in a thermostat 
for six or seven days, seeding every day with a minute amount 
of m-nitrobenzaldehyde. By decreasing the temperature of the 
thermostat at the end of each week it was possible to find the 
maximum temperature at which solid separated. The values 
corresponding with 37:5, 41°5, and 50 per cent. of o-nitrobenz- 
aldehyde were obtained in this way. The results from which the 
curve (Fig. 1) was obtained are given in Table I, the figures in 
brackets indicating the first arrest, corresponding to the separation 
of §-o-nitrobenzaldehyde; the first three eutectic temperatures 
were obtained in the ordinary manner, but the true values for 
the freezing points corresponding to them were obtained by the 


thermostat method. 
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TABLE I. 


o- and m-Nitrobenzaldehydes. 


Per cent. of 


Per cent. of 


o-nitrobenz- Freezing Eutectic 
aldehyde. point. temp. 
0 54-6° 
9 49-4 
16-7 44:8 
18 43-0 
19 42-6 
19-5 42-3 
23 40-2 
30 34-4 
37-5 29-2 12-5° 


o-nitrobenz- Freezing Eutectic 
aldehyde. point. temp. 
41-5° 27-0° — 
45 12-5° 
50 19-0 12-5 
60 12-4 12:3 
70 (18-6°) 21-8 12-0 
80 (26:0) 29-2 
90 (32-2) 34-0 
100 (37-9) 40-9 


In the case of the ortho-para and meta-para diagrams (Fig. 2) 
the separation of two forms of o-nitrobenzaldehyde was again 
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observed and evidence of 
the separation of an 
unstable form of m-nitro- 
benzaldehyde was ob. 
tained in the cooling 
curves of mixtures con- 
taining 10, 15, and 20 per 
cent. of p-nitrobenzalde- 
hyde; the freezing of the 
unstable forms is indi- 
cated by the dot-and-dash 
and dash curves, respec- 
tively. 

Two examples may be 
given of the behaviour on 
cooling of mixtures of 
m- and p-nitrobenzalde- 
hydes, the temperatures 
given being taken at one- 
minute intervals. (1) Mix- 
ture containing 10 per 
cent. of para. ...48°0°, 


0 10 20 30 #0 50 60 70 80 90 100 47-0°, 46°4°, 452°, 44°2°, 
Per cent. of p-nitrobenzaldehyde. 


43°7°, 42°9°, 43°6°, 44:0°, 


44°2°, 44°4°, 44°7°, 45°0°, 45°1°, 45:2°, 46°0°, 47°1°, 47°6°, 47°8°, 


47°9°, 47°8°.... 


(2) Mixture containing 15 per cent. of para. 


. . « 42°1°, 41°5°, 41°0°, 40°4°, 39°8°, 39°5°, 39°8°, 40°4°, 40°7°, 
40°8°, 41-0°, 41:0°, 41°1°, 41:2°, 41°1°, 41°0°, 40°9°, 41°2°, 41-2°, 
41°5°, 43°0°, 43°6°, 43°7°, 43°6°, 43°3°. . . . Similarly for mixtures 
of o- and p-nitrobenzaldehydes. (1) Mixture containing 10 per 
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cent. of para. .. . 32°0°, 31°7°, 31:3°, 31:0°, 30°7°, 30°3°, 30°0°, 
998°, 32°0°, 32°1°, 32°1°, 32°1°, 32°0°, 32°4°, 32°7°, 33°6°, 34:2°, 
944°, 34°5°, 34°6°, 34°6°, 34°5°, 34°4°. . . . (2) Mixture con- 
taining 15 per cent. of para. . . . 29°1°, 28:9°, 28°8°, 28°6°, 28°4°, 
982°, 28°0°, 27°9°, 27°8°, 27°6°, 27°5°, 27°3°, 27:2°, 27°1°, 27°0°, 
96'8°, 26°7°, 26°6°, 26°4°, 26°3°, 29:2°, 29°3°, 29°3°, 29°3°, 29°6°, 
99°7°, 29°8°, 320°, 32°2°, 32°4°, 32°5°, 32°6°, 32°6°, 32°5°, 32°4°, 
39°39, 32:°2°. . . . In some cases, the first arrest is less 
‘marked or not obtained at all, and in such circumstances the final 
freezing point is somewhat higher than that obtained when there 
isa very marked arrest at the lower temperature. 

The results from which the curves in Fig. 2 were constructed 
are given in Table II, the figures in brackets corresponding to the 
first arrests due to the separation of unstable forms. 


TaBLeE II. 

Per cent. of Meta-para. Ortho-para. 
p-nitrobenz- Freezing Eutectic Freezing Eutectic 
aldehyde. point. temp. point. temp. 

0 54-6° (37-9°) 40-9° 
10 (44-4°) 46-0 (32-1) 35-2 
15 (41-2) 43-7 (29:3) 32-6 
20 (37-5) 41-4 34:3 32-2° 
25 37-5 38-6 32-0 
30 42-9 37-2° 46-4 32-2 
35 50-7 37-1 53-0 
40 57-0 — 
45 — 64-6 
50 69-4 70-2 
60 78-3 78-7 
70 86-0 86-0 
80 92-7 92-8 
90 98-8 98-6 
100 104-3 104-3 


The nitration product of benzaldehyde was obtained as described 
in the experimental section. Two nitrations yielded products 
freezing at 42°6° and 42°8°, respectively. The mean of these figures, 
42-7°, corresponds on the curve to 19 per cent. of o-nitrobenz- 
aldehyde. In order to check the accuracy of the curve in this 
neighbourhood, fresh mixtures were made up containing 18, 19, 
and 19°5 per cent. of o-nitrobenzaldehyde, which were found to 
freeze at 43°0°, 42°6°, and 42°3°, respectively. In all freezing-point 
determinations in this neighbourhood two arrests in the cooling 
curve were obtained; it is imperative, therefore, in order that 
the second arrest shall not be missed, to prolong the cooling down 
to room temperature or, better, to seed with m-nitrobenzaldehyde 
from time to time. 

By means of the binary fusion diagram it is possible now to 
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calculate what percentage of the nitration product is liquid at any 
temperature after an interval to ensure the conversion of the m. 
nitrobenzaldehyde into its stable form; the results for a few 
temperatures are given in Table ITI. 


TaBeE ITI. 
IS siivcannvisese 40° 35° 30° 25° 20° 15° 
TAHIR Y% vcsscccss 82 63 52 45 38 34 


It would appear, therefore, that by the nitration of benzaldehyde, 
followed by expression of the liquid and crystallisation of the 
product, not much more than a 65 per cent. yield of pure m-nitro. 
benzaldehyde could be hoped for. 


EXPERIMENTAL. 


Purification of Materials —A commercial sample of 0-nitrobenz- 
aldehyde was purified by crystallisation from benzene and light 
petroleum until the products of two successive crystallisations had 
the same freezing point. The compound melted at 43°5° in a 
capillary tube and froze in bulk at 37-9° and 40°9°. Two samples 
of m-nitrobenzaldehyde were used, one a commercial sample, and 
the other prepared by the nitration of benzaldehyde as described 
below, followed by expression of the oil. The samples were crystal- 
lised from benzene and light petroleum, and in one case from 
alcohol, until a constant freezing point was obtained. The product 
from the commercial sample had a green colour when fused, but 
no difference in freezing point was detected between it and the 
prepared product; they both melted in a capillary tube at 575° 
and froze in bulk at 54°6°. A commercial sample of p-nitrobenz- 
aldehyde was recrystallised from alcohol until a constant freezing 
point was obtained; the product melted at 106-5° in a capillary 
tube and froze in bulk at 104:3°. 

Nitration of Benzaldehyde.—The nitrating acid was prepared by 
adding 1560 c.c. of concentrated sulphuric acid to 325 c.c. of fuming 
nitric acid; on analysis, the mixture was found to contain H,SO, = 
83:1, HNO, = 13:2, HNO, = 0:2, and H,O = 3°5 per cent. The 
nitrating acid (145 c.c.) was cooled to 0° in ice, and 30 grams of 
benzaldehyde were added drop by drop with vigorous shaking during 
twenty to twenty-five minutes, care being taken to avoid rise in 
temperature. When all the benzaldehyde had been added, the 
mixture retained a strong odour of that compound, but on removing 

from the ice and shaking vigorously this soon disappeared and a 
clear lemon-yellow liquid was obtained. Under these conditions, 
very little nitrobenzoic acid is produced. The mixture was poured 
on to crushed ice, and the mother-liquor decanted from the pasty 
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solid which separated. The paste was then melted under dilute 
sodium carbonate solution, thoroughly agitated, and the carbonate 
poured off, these operations being repeated three times. The 
mixture of nitrobenzaldehydes was finally washed with water and 
left to solidify. In all these operations care was taken to avoid 
loss of oil, which might result in change in composition of the 
mixture. The first washing with sodium carbonate was found to 
remove practically all the nitrobenzoic acid. As much water as 
possible was drained off from the solid, which was then melted 
in a test-tube and the water which separated removed with a 
pipette. The melted product was poured into a dish and further 
freed from water by means of filter-paper. Finally, it was poured 
on to a clock-glass, which was rotated as the liquid cooled in order 
to spread the solid over a large surface, and then left in an evacuated 
desiccator over concentrated sulphuric acid for three weeks. The 
product thus prepared was used for the determination of the 
freezing point of the nitration mixture. No allowance has been 
made for any small change in composition of the mixture owing to 
difference of solubility of the two compounds in the wash-water. 
Attempts to dry the mixture in a steam-oven demonstrated that at 
100° a portion volatilised, and decomposition also took place, the 
freezing point of the product falling with increased period of heating. 
For the examination of the liquid product of nitration the mixture 
of nitrobenzaldehydes was prepared as above, but, after washing, 
it was allowed to solidify under water. The solid was pressed in a 
Buchner funnel and the oil sucked off by means of a water-pump. 
Examination of the Oil—Seventeen grams of the oil obtained as 
above were dissolved in 75 c.c. of boiling alcohol and treated with 
15 grams of phenylhydrazine; after a few minutes a considerable 
precipitate appeared, which, after separation from the hot solution 
and washing with alcohol, was found to melt at 151° and when 
mixed with o-nitrobenzaldehydephenylhydrazone (m. p. 153°) at 
153°. One crystallisation of this from alcohol gave pure o-nitro- 
benzaldehydephenylhydrazone. Ten grams of the oil, dissolved 
in 50 c.c. of boiling alcohol, were treated with 3 grams of 50 per 
cent. hydrazine hydrate solution. The azine began to separate 
and as p-nitrobenzylideneazine is almost insoluble in alcohol the 
solution was filtered while hot and the solid fractionally crystallised ; 
o-nitrobenzylideneazine (m. p. 204°) was isolated, but nothing of a 
higher melting point. The alcoholic solution on cooling deposited 
more of the azine, but on fractional crystallisation no indication of 
the presence of the high-melting p-nitrobenzylideneazine (m. p. 
296°) was obtained. 
Determination of Freezing Points.—The freezing points were read 
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from the cooling curves. The apparatus employed consisted of 
a small silica test-tube, containing the mixture, jacketed with a 
cylindrical Dewar vessel fitting fairly closely. A tightly fitting 
cork in the silica tube carried a stirrer of stout platinum wire and 
a thermometer, which was of the small-bulb, Anschiitz type and 
standardised. The exposed column of the thermometer was short 
and no correction has been applied. From 5—10 grams of material 
were used for each determination. 


THe Ratpn Foster LABORATORY OF ORGANIC CHEMISTRY, 
University CoLLeEGE, LoNpDoN. [Received, November 28th, 1922.] 


LXII.—Bromo-derivatives of 4-Methylglyoxaline. 
By Frank LEE Pyman and GEOFFREY Mittwarp Timmis. 


THE bromination of 4-methylglyoxaline (IV) has been shown 
(Pyman, T., 1910, 97, 1814) to lead to the formation of 2: 5-di- 
bromo-4-methylglyoxaline (X) together with 2(or 5)-bromo-4- 
methylglyoxaline, in which the position of the bromine atom was 
undetermined. It is now shown that this is 5-bromo-4-methyl- 
glyoxaline (VII), since it is not identical with 2-bromo-4-methy- 
glyoxaline (III) which has been prepared synthetically. The 
method employed for the synthesis was the bromination of ethyl 
4-methylglyoxaline-5-carboxylate (Gerngross, Ber., 1912, 45, 524) 
with the formation of ethyl 2-bromo-4-methylglyoxaline-5-carboxylate 
(I), hydrolysis of the ester to the corresponding acid (II), and 
decarboxylation of the latter by heating with water at 150°, when 
2-bromo-4-methylglyoxaline was obtained. 


Et0,0°C NHS, HO,C-C— NH> — 
MeN CBr —> Me NZ CBr—> 11 tee CBr 
(I.) (IL.) iy 


The constitution of this base is confirmed by the fact that 
it yields on nitration 2-bromo-5-nitro-4-methylglyoxaline (XV), 
identical with the bromination product of 5-nitro-4-methylglyoxaline 
described by Windaus (Ber., 1909, 42, 758). 2-Bromo-4-methyl- 
glyoxaline is readily reduced to 4-methylglyoxaline by means of 
sodium sulphite, and yields 2: 5-dibromo-4-methylglyoxaline on 
bromination. 

The determination of the constitutions of 5-bromo-4-methyl- 
glyoxaline and of 1:4- and 1: 5-dimethylglyoxalines (Pyman, T., 
1922, 121, 2616) establishes the constitutions of the bromo- and 
dibromo-dimethylglyoxalines previously described (T., 1910, 97, 
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1814), for the bromination of 1:4- and 1 : 5-dimethylglyoxalines 
(Vand VI) gave a mixture of mono- and di-bromoglyoxalines, which 
were also obtained by the methylation of 5-bromo-4-methylgly- 
oxaline and 2: 5-dibromo-4-methylglyoxaline, and therefore must 
have the constitutions represented by the formule VIII, IX, XI, 


XI. 
CH-NMes, CH-NH _ CMe-NMe 
agg Bag Gg 

(V.) | (IV.) | (VI.) | 


ro 
Wik ) | pelt ) 2 (IX.) | 


CBr *NMe > CBr NH CMe: -NMe 
HMe—-N’ CBr <— ha N72 CBr —> i _—— n7CBr 
(XI) 7" (XIL. : 


Knowledge of the constitutions of these compounds, of the 
nitrodimethylglyoxalines (Pyman, T., 1922, 121, 2616), and of the 
bromonitrodimethylglyoxalines, described in this paper, permits 
an explanation of some of their reactions based on the mutual 
influence of the substituent groups and the fact that the conjugated 
system connecting the 2- and 5-carbon atoms of the glyoxaline ring 
is similar * to the conjugated para-linking in the benzene nucleus. 

Thus, it was pointed out previously that the bromination of 1 : 4- 
and 1 : 5-dimethylglyoxalines with 1 mol. of bromine under the same 
conditions led to different results, the first yielding chiefly 5-bromo- 
1:4-dimethylglyoxaline (VIII) with little 2: 5-dibromo-l : 4- 
dimethylglyoxaline (XI), whilst the second gave very little 4-bromo- 
1: 5-dimethylglyoxaline (IX), but chiefly 2: 4-dibromo-l : 5- 
dimethylglyoxaline (XII). This result may be explained by the 
superior para-directive power of the methyl group in 4-bromo- 
1; 5-dimethylglyoxaline as compared with that of the bromine 
atom in 5-bromo-1 : 4-dimethylglyoxaline. It has been found, 
however, that bromination of 5-bromo-1 : 4-dimethylglyoxaline 
and 4-bromo-1 : 5-dimethylglyoxaline with 1 mol. of bromine leads 
to the corresponding dibromo-derivatives in good yield. The 
earlier results, therefore, only show that 1 : 4-dimethylglyoxaline 
is brominated more readily than its 5-bromo-derivative, whilst 
1: 5-dimethylglyoxaline is brominated less readily than 4-bromo- 
1: 5-dimethylglyoxaline. The relative directive properties of 


* Evidence of this similarity is afforded by the rearrangement of the 
benzidine type, which takes place on the reduction of 2-arylazoglyoxalines 
(Fargher and Pyman, T., 1919, 115, 222). 
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substituents in the 4- and 5-positions are, however, well illustrated 
by the bromination of the nitrodimethylglyoxalines. 4-Nitro. 
1 : 5-dimethylglyoxaline (XIII) readily yields 2-bromo-4-nitro. 
1 : 5-dimethylglyoxaline (XIV), the 2-position being para to the 
methyl and meta to the nitro-group, whilst no trace of 2-bromo.5. 
nitro-1 : 4-dimethylglyowaline (XVI) could be obtained by the 
bromination of 5-nitro-1 : 4-dimethylglyoxaline, in which the 
2-position is para to the nitro-group and meta to the methyl group, 


CMe-NMe CMe:-NMe 
NO,-C—--n7 CH — yo,.¢—n?CBr 


(XIII.) (XIV.) 
NO,-C-NH NO,-C-NMe NO,(U-NMey, 4, 
> 27 > 2 ZC: 
GMen7 CP Men? CMen7 -S0sH 
(XV.) (XVI) (XVIL) 


2-Bromo-5-nitro-1 : 4-dimethylglyoxaline was readily prepared by 
the methylation of 2-bromo-5-nitro-4-methylglyoxaline (XV), 
none of the isomeric 2-bromo-4-nitro-1 : 5-dimethylglyoxaline being 
isolated from the products of reaction. This result is similar to 
that obtained in the methylation of 5-nitro-4-methylglyoxaline 
(T., 1922, 121, 2616). The bromine atom in 2-bromo-5-nitro- 
1 : 4-dimethylglyoxaline, being para to a nitro-group, is readily 
replaced by the sulphonic acid residue, for on boiling with one mol. of 
aqueous sodium sulphite for three hours it gives an excellent yield of 
5-nitro-1 : 4-dimethylglyoxaline-2-sulphonic acid (XVII), whereas the 
isomeric 2-bromo-4-nitro-1 : 5-dimethylglyoxaline is much less 
readily attacked by sodium sulphite under the same conditions, for 
40 per cent. was recovered unchanged, no 4-nitro-1 : 5-dimethyl- 
glyoxaline was formed, and the remainder was converted into 
products which were not characterised. The behaviour of 2-bromo- 
5-nitro-4-methylglyoxaline towards sodium sulphite resembles that 
of 2-bromo-4-nitro-1 : 5-dimethylglyoxaline, and not that of 
2-bromo-5-nitro-1 : 4-dimethylglyoxaline, which is the principal 
product of its methylation. This fact accords well with the view 
of the alkylation of amidines recently expressed by one of us in 
conjunction with Burtles (this vol., p. 363). 

The action of hot aqueous sodium sulphite on other bromo- 
derivatives of 4-methylglyoxaline is described in the experimental 
part of the paper. The results combined with those obtained by 
one of us in collaboration with Balaban (T., 1922, 121, 947) and 
Light (T., 1922, 121, 2626) lead to the following general conclusions : 

(1) In the case of glyoxalines containing a free imino-group, 4 
bromine atom in the 2-position is readily replaced by hydrogen 
(except in the case of 2-bromo-5-nitro-4-methylglyoxaline), and one 
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of two bromine atoms situated in the 4- and 5-positions with less 
readiness; a single bromine atom in the 4-position is stable to 
the reagent in 4-bromoglyoxaline or 4-bromo-2-methylglyoxaline, 
but is capable of replacement by hydrogen when a methyl group 
occupies the 5-position; replacement of bromine by the sulphonic 
acid residue has been observed only in the case of 2 : 4 : 5-tribromo- 
glyoxaline, when 4-bromoglyoxaline-5-sulphonic acid is obtained. 
(2) In N-methylglyoxalines, bromine atoms in the 2-position 
are much less readily replaced by hydrogen, for 2 : 5-dibromo- 
1:4-dimethylglyoxaline is only slowly, and 2: 4-dibromo-1 : 5- 
dimethylglyoxaline not perceptibly, attacked by prolonged boiling 
with aqueous sodium sulphite: halogen atoms in the 2-position 
of N-methylglyoxalines readily suffer the replacement of halogen 
by the sulphonic acid residue when the 5-position is occupied by a 
group of strong positive polarity, for example, in the case of 2-bromo- 
j-nitro-1 : 4-dimethylglyoxaline quoted above, and the case of 
§-chlorocaffeine (D.R.-P. 74045; compare Pyman, this vol., p. 369). 
These results may be partly explained in the light of Lapworth’s 
view (Mem. Manchester Phil. Soc., 1920, 64, ii, 8; Lapworth and 
Shoesmith, T., 1922, 121, 1394) that the mode of replacement of a 
bromine atom is influenced by its induced polarity. For instance, 
representation of the alternate polarities of 2 : 4 : 5-tribromoglyox- 
aline by the formula (XVIII) corresponds with the facts (1) that the 


Bre “NH Br C. een . 
CV Br >CH (XIX.) 
(XVOL) 5 in noe ss 04 ( 
+ - + — + 


2. and 4-bromine atoms are readily replaced by hydrogen, and (2) 
that the 5-bromine atom may be replaced by the sulphonic acid 
residue, whilst the reducibility of 5-bromo-4-methylglyoxaline 
(XIX) may be ascribed to positive polarity of the bromine atom 
induced by the methyl group. 


ExPERIMENTAL. 


Bromination of Ethyl 4-Methylglyoxaline-5-carboxylate—To 7°5 
grams of ethyl 4-methylglyoxaline-5-carboxylate (Gerngross, Ber., 
1912, 45, 524) in 100 c.c. of chloroform, a solution of 2°5 c.c. of 
bromine in 50 c.c. of chloroform was added, the solution being 
cooled with ice-water. The mixture was distilled with steam until 
the free bromine and chloroform had been removed, and the result- 
ing aqueous solution was cooled and mixed with a limited quantity 
of concentrated aqueous sodium carbonate so that it remained just 
acid to methyl-orange, when 3°5 grams of ethyl 2-bromo-4-methyl- 
glyoxaline-5-carboxylate separated as a white, crystalline powder 
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melting at 152—153°. The mother-liquor was treated with 4 
further quantity of sodium carbonate and deposited 4°4 grams of 
crystalline material, melting at 175—200°, which consisted chiefly 
of unbrominated ester, and gave on repeating the above bromination 
process a further quantity of 2:4 grams of the bromo-ester, melting 
at 152—153°. The total yield of this, 5°9 grams, is 52 per cent. of 
the theoretical. 

Eihyl 2-bromo-4-methylglyoxaline-5-carboxylate crystallises from 
water in long, colourless needles which melt to a colourless liquid 
at 153° (corr.) (Found : C = 362; H=3°8; N= 11°8; Br = 345, 
C,H,0,N,Br requires C = 360; H= 3:9; N=12-0; Br= 343 
per cent.). It is soluble in about 36 parts of boiling water and 
275 parts of cold water, very easily soluble in alcohol or chloroform, 
and easily soluble in ether. 

It is readily soluble in cold dilute mineral acids or alkalis, including 
sodium carbonate. 

Hydrolysis.—Five grams of the bromo-ester were boiled with 
75 c.c. of 20 per cent. hydrochloric acid for two hours under reflux, 
and concentrated aqueous sodium carbonate was then added until 
the solution was only faintly acid to methyl-orange, when 4:0 grams 
of the bromo-acid were obtained in a pure state, that is, 91 per cent. 
of the theoretical yield. 

2-Bromo-4-methylglyoxaline-5-carboxylic acid crystallises from 
glacial acetic acid in colourless, prismatic rods which melt and 
decompose at temperatures varying considerably with the con- 
ditions of heating. Placed in a bath at 220°, and heated slowly, it 
melts and decomposes at about 234° (corr.) (Found: C = 29°; 
H = 2:5; N= 13-9; Br = 38-8. C;H;0,N,Br requires C = 293; 
H = 2°4; N = 13:7; Br = 39-0 per cent.). 

It is very sparingly soluble in water and sparingly soluble in the 
usual organic solvents. It is readily soluble in dilute mineral acids 
or alkalis, including sodium carbonate. 


2-Bromo-4-methylglyoxaline. 


Two grams of 2-bromo-4-methylglyoxaline-5-carboxylic acid 
and 20 c.c. of water were heated for three and a half hours at 150°. 
On cooling, the solution deposited 1:2 grams of crude 2-bromo-4- 
methylglyoxaline, melting at 118°, that is, 76 per cent. of the 
theoretical yield. After recrystallisation from water, this base 
formed colourless, glistening needles which melted at 124—125° 
(corr.) (Found: C=3071; H=31; N=176; Br=49°9. 
C,H;N,Br requires C = 2983; H=31; N=174; Br=497 
per cent.). 

2-Bromo-4-methylglyoxaline is soluble in about 15 parts of boiling 
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water and sparingly soluble in cold water, giving a solution faintly 
alkaline to litmus. It is very easily soluble in alcohol, fairly easily 
soluble in ether or chloroform, more sparingly soluble in benzene, 
and almost insoluble in light petroleum. It dissolves readily in 
dilute mineral acids or in aqueous sodium hydroxide or ammonia, 
but not in aqueous sodium carbonate. 

The picrate crystallises from water in primrose-yellow needles 
which melt at 172—173° (corr.), and are sparingly soluble in cold 
water. 

Reduction by Sodium Sulphite—0O:4 Gram of 2-bromo-4-methy]l- 
glyoxaline was boiled with a solution of 0°65 gram of hydrated 
sodium sulphite (1 mol.) in 2°6 c.c. of water for three hours under 
reflux. On the addition of cold saturated aqueous picric acid, 
046 gram of 4-methylglyoxaline picrate separated at once, and 
a second crop of 0°12 gram was obtained on concentration of the 
mother-liquor. Both crops melted at 160—161° (corr.), alone or 
mixed with a specimen of the picrate prepared from 4-methy]l- 
glyoxaline. The yield is thus 75 per cent. of the theoretical. 

Bromination—0'2 Gram of 2-bromo-4-methylglyoxaline was 
treated with 0°1 c.c. of bromine in chloroform solution, and after 
removal of the solvent the residue was digested with 5 c.c. of warm 
water. 0°25 Gram of crude 2: 5-dibromo-4-methylglyoxaline, 
melting at 210°, remained undissolved, and after crystallisation 
from ethyl acetate melted at 214—215° (corr.), alone or mixed with 
a specimen from another source. 

Nitration.—To 1 gram of 2-bromo-4-methylglyoxaline cooled with 
ice, there were added first 0°5 c.c. of concentrated nitric acid, and 
then 2 c.c. of concentrated sulphuric acid. After keeping over-night, 
the clear solution was poured into water, when 0°9 gram of 2-bromo- 
5-nitro-4-methylglyoxaline was precipitated, that is, 70 per cent. 
of the theoretical yield. The crude product melted at 219°, and after 
recrystallisation from water formed glistening needles which melted 
at 220—221° (corr.), alone or mixed with the bromination product 
of 5-nitro-4-methylglyoxaline (compare p. 501). 

Coupling.—2-Bromo-4-methylglyoxaline gives a tawny yellow 
precipitate with p-bromobenzenediazonium chloride in the presence 
of sodium carbonate, and gives a clear brownish-yellow solution 
with sodium diazobenzene-p-sulphonate in the presence of either 
sodium hydroxide or carbonate. The isomeric 5-bromo-4-methyl- 
glyoxaline, on the other hand, gives with sodium diazobenzene-p- 
sulphonate, a deep red solution in the presence of sodium carbonate 
but a brownish-yellow solution in the presence of sodium hydroxide. 
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5(4)-Bromo- and 2 : 5(4)-Dibromo-derivatives of 4-Methyl- and 1: 4. 
and 1 : 5-Dimethyl-glyoxalines. 


Volatility of the Bromodimethylglyoxalines—The mono- and 
di-bromo-derivatives of 1 : 4- and 1 : 5-dimethylglyoxalines can be 
distilled unchanged under 10 mm. approximately at the following 
temperatures: 5-bromo-1 : 4-dimethylglyoxaline 168°; 2:5. 
dibromo-1 : 4-dimethylglyoxaline 130°; 4-bromo-1 : 5-dimethyl- 
glyoxaline 160°; 2 : 4-dibromo-1 : 5-dimethylglyoxaline 175°. 

Bromination of 5-Bromo-1 : 4-dimethylglyoxaline and 4-Bromo. 
1 : 5-dimethylglyoxaline—3°5 Grams of each base were dissolved 
in 17 c.c. of chloroform, mixed with a solution of 1 c.c. of bromine 
in 5 c.c. of chloroform, kept for an hour, and then worked up for 
the dibromo-derivatives by methods sufficiently indicated in the 
previous paper (T., 1910, 97, 1831). 

There were thus obtained from 5-bromo-1 : 4-dimethylglyoxaline 
2°6 grams of pure 2: 5-dibromo-1 : 4-dimethylglyoxaline and from 
4-bromo-] : 5-dimethylglyoxaline 3°7 grams of pure 2 : 4-dibromo- 
1 : 5-dimethylglyoxaline. 

Reduction by Sodium Sulphite-—The bromo-compounds (3 grams) 
were boiled under reflux with hydrated sodium sulphite dissolved 
in 4 parts of water, using either 1 mol. of sulphite for three hours 
(conditions A) or 2 mols. of sulphite for six hours (conditions B). 
The methods of separating the mono- and di-bromo-derivatives were 
essentially those described previously (T., 1910, 97, 1814), whilst 
the separation of 4-methylglyoxaline from its bromo-derivatives 
depends on its greater solubility in water and smaller solubility in 
ether, and its isolation as picrate. The results were as follows, the 
yields being expressed in percentages of the theoretical: 5-Bromo- 
4-methylglyoxaline gave under conditions A, 82°3 per cent. un- 
changed and 14°3 per cent. of 4-methylglyoxaline ; under conditions 
B, 45°3 per cent. unchanged and 51-0 per cent. of 4-methylglyoxaline. 

2 : 5-Dibromo-4-methylglyoxaline gave under conditions A, 
41°6 per cent. unchanged, 38:4 per cent. of 5-bromo-4-methyl- 

glyoxaline, and 12 per cent. of 4-methylglyoxaline. 

2 : 5-Dibromo-! : 4-dimethylglyoxaline was treated under con- 
ditions B except that owing to its ready volatility with steam it 
was heated with aqueous sulphite under pressure at 102°, the boiling 
point of 20 per cent. aqueous sodium sulphite, instead of being 
boiled under reflux : 90 per cent. was recovered unchanged and 4°6 
per cent. reduced to 5-bromo-1 : 4-dimethylglyoxaline. 4-Bromo- 
1 : 5-dimethylglyoxaline and 2 : 4-dibromo-1 : 5-dimethylglyoxaline 
were recovered unchanged to the extent of 98°6 and 99°3 per cent. 
respectively after treatment under conditions B. 


1:4. 
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The Bromonitrodimethylglyoxalines. 


9.Bromo-5-nitro-4-methylglyoxaline was prepared by treating 
15 grams of 5-nitro-4-methylglyoxaline with 9 c.c. of bromine, 
cooling the mixture in cold water. The product was crystallised 
from boiling water, when 13°5 grams of the pure substance were 
obtained, that is, 55 per cent. of the theoretical yield. It crys- 
tallised from water in glistening needles which melted at 220—221° 
corr.), solidified on cooling, and on reheating melted again at the 
same temperature, then gradually darkened and decomposed at 
about 240°. Windaus (loc. cit.), who also prepared the compound 
by the action of bromine on 5-nitro-4-methylglyoxaline, stated that 
it crystallised from water in fan-shaped prisms, which melted and 
decomposed at about 228°, and gave the results of satisfactory 
estimations of nitrogen and bromine. In view of the divergence of 
our observations from those of Windaus, our product was also 
subjected to analysis, when it gave satisfactory results (Found : 
¢=230; H=23; N=206; Br= 39-2. Cale., C = 233; 
H=19; N= 204; Br = 38°8 per cent.). 

We then communicated with Professor Windaus, who kindly 
re-examined the substance and substantially confirmed our 
observations. 

2-Bromo-5-nitro-4-methylglyoxaline is soluble in about 35 
parts of hot water or 300 parts of cold water, easily soluble in 
alcohol, somewhat sparingly soluble in ether, and very sparingly 
soluble in chloroform. It is soluble in a large excess of 5N-hydro- 
chloric acid, but dissolves readily in aqueous sodium hydroxide or 
carbonate or ammonia, giving yellow solutions. 

Action of Sodium Sulphite—Five grams dissolved in a hot solution 
of 7°5 grams of hydrated sodium sulphite in 30 c.c. of water, giving a 
yellow solution, but after boiling for six hours under reflux, 1°8 
grams were recovered unchanged, and no other organic products 
could be isolated from the mother-liquor. 

Methylation of 2-Bromo-5-nitro-4-methylglyoxaline—A mixture 
of 7°5 grams of 2-bromo-5-nitro-4-methylglyoxaline and 3°5 c.c. of 
methyl sulphate was heated in boiling water. After a few minutes, 
reaction took place, the mixture becoming liquid and deep reddish- 
brown in colour, whilst some acrid gas, probably hydrogen bromide, 
was evolved. The heating was continued for half an hour, and the 
product mixed with water and excess of sodium carbonate and 
cooled, when 4°4 grams of slightly sticky, yellow crystals, which 
melted at about 60°, were obtained. After one crystallisation from 
ether, 3°7 grams of nearly pure 2-bromo-5-nitro-1 : 4-dimethyl- 
glyoxaline, melting at 64—65°, were obtained. The aqueous 
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mother-liquor gave on extraction with chloroform 1°5 grams of a 
yellow oil, which deposited 0°2 gram of the crystalline substance 
melting at 65°, and finally gave 0°3 gram of unchanged 2-bromo. 
5-nitro-4-methylglyoxaline after neutralisation with sulphuric acid, 

2-Bromo-5-nitro-1 : 4-dimethylglyoxaline was thus obtained in a 
yield of 49 per cent. of the theoretical. It distils at 162° under 
10 mm. as a pale yellow oil, which quickly solidifies, and crystallises 
from alcohol in large, nearly colourless prisms which have a very 
pale greenish-yellow tinge and melt at 67—68° (corr.) (Found: 
C= 274; H=27; N=192; Br= 363. C;H,O,N,Br requires 
C= 273; H=2-7; N=191; Br = 36-4 per cent.). It is very 
sparingly soluble in water, but easily soluble in alcohol, ether, or 
chloroform. It is insoluble in cold aqueous sodium hydroxide, but 
dissolves easily in 5N-hydrochloric acid, and the solution on con- 
centration and cooling deposits the hydrochloride in colourless prisms 
which melt and decompose at 187° (corr.). This salt dissociates on 
treatment with water. 

Action of Sodium Sulphite—Two grams of 2-bromo-5-nitro- 
1 : 4-dimethylglyoxaline were boiled under reflux with a solution 
of 2°3 grams of hydrated sodium sulphite in 13:2 c.c. of boiling 
water, and passed into solution in the course of fifteen minutes. 
After boiling for three hours, the solution was cooled and mixed 
with 5 c.c. of concentrated hydrochloric acid, when 1°6 grams of the 
sulphonic acid separated, that is, 76 per cent. of the theoretical 
yield. 

5-Nitro-1 : 4-dimethylglyoxaline-2-sulphonic acid crystallises from 
water in colourless, diamond-shaped plates, which contain }H,0, 
and melt and decompose at 293° (corr.) after darkening from about 
280° [Found : in air-dried substance, loss at 120° = 4:2; S = 140 
(by fusion with Na,O,). C;H,0;N,8,4H,O requires H,O = 3'9; 
S = 13°9 per cent. Found: in substance dried at 120°, C = 27°; 
H=3'3; N=19°0 (Kjeldahl). C;H,O;N,S requires C = 27:1; 
H = 3:2; N = 19°0 per cent.]. It is readily soluble in hot water, 
giving a solution strongly acid to litmus. Its solution in excess of 
sodium hydroxide (but not sodium carbonate or ammonia) rapidly 
becomes burgundy-red in colour. 

Bromination of 4-Nitro-1 : 5-dimethylglyoxaline—To 2°8 grams 
of 4-nitro-1 : 5-dimethylglyoxaline, partly dissolved in 28 c.c. of 
chloroform, a solution of 1-0 c.c. of bromine in 10 c.c. of chloroform 
was added. After keeping for a few minutes, 14 c.c. of water were 
added, and the mixture was heated on the water-bath to remove 
chloroform and the excess of bromine, when a crystalline solid 
separated from the aqueous solution. This was crystallised from 
water, the earlier crops giving 2°1 grams of pure 2-bromo-4-nitro- 
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|;5-dimethylglyoxaline, that is, 48 per cent. of the theoretical 
yield, whilst the mother-liquors deposited 0°65 gram of slightly 
impure 4-nitro-1 : 5-dimethylglyoxaline, melting at 155°. 

2-Bromo-4-nitro-1 : 5-dimethylglyoxaline crystallises from water 
in microscopic needles which melt at 179—180° (corr.), and resolidify 
m cooling. It distils at 227°/10 mm. with slight discoloration 
(found: C = 274; H=2'7; N= 193; Br = 36:3. C;H,O,N,Br 
rgures C= 273; H=27; N=191; Br= 36-4 per cent.). 
It dissolves in about 100 parts of boiling water and in about 1000 
parts of cold water. It is sparingly soluble in cold alcohol or ether, 
easily soluble in chloroform, and insoluble in cold aqueous sodium 
hydroxide. It is more soluble in 5N-hydrochloric acid than in 
water, but on cooling a hot solution the base separates. 

Action of Sodium Sulphite—1°5 Grams was not completely 
dissolved on boiling with 1°75 grams of hydrated sodium sulphite in 
10c.c. of water for six hours under reflux, and 0°6 gram was recovered 
uichanged, whilst the mother-liquors gave on concentration 0°15 
gram of glistening, colourless needles, which appeared on qualitative 
examination to be the sodium salt of a sulphonic acid. 

Bromination of 5-Nitro-1 : 4-dimethylglyoxaline —This experiment 
was carried out several times under the conditions employed in 
the case of 4-nitro-1 : 5-dimethylglyoxaline. On working up the 
products, 60 per cent. of the 5-nitro-1 : 4-dimethylglyoxaline was 
recovered unchanged and a little bromoform was obtained, together 
with very small quantities of other compounds which were not 
obtained in a pure state. A careful search failed to reveal the 
presence of any 2-bromo-5-nitro-1 : 4-dimethylglyoxaline. 


The authors are indebted to the Wellcome Chemical Research 
Laboratories for a part of the material employed in this investigation. 


MunicipAL COLLEGE OF TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Received, February 14th, 1923.] 


LXIII.—The Formation of Quaternary Ammonium 
Salis. Part I. 


By Epwarp DE Barry BaRNETT, JAMES WILFRED Cook, and 
ERNEST Percy DRISCOLL. 


In previous communications (Barnett and Cook, T., 1921, 119, 
901; 1922, 121, 1376; Barnett, Cook, and Grainger, ibid., 1922, 
121, 2059) it has been shown that pyridinium salts can often be 
obtained directly by the simultaneous action of pyridine and 
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bromine on certain organic compounds. Considerable interest 
attaches to the reaction not only from a purely scientific point 
of view, but also from the possible technical application of the 
products, and therefore we decided to undertake a systematic 
investigation of the conditions requisite for the direct formation 
of quaternary salts. Up to the present we have confined our. 
selves to pyridinium salts, as pyridine is readily available in large 
amounts and has proved to be particularly suited to our purpose, 
but we intend to extend our investigations to the formation of 
quaternary salts from other tertiary bases. 

Direct quaternary salt formation by treatment with pyridine 
and a halogen can take place with compounds containing a 
hydrogen atom which is readily replaceable by a halogen atom. 
Thus Ortoleva (Gazzetta, 1900, 30, i, 509) obtained a betaine by 
treating malonic acid with iodine in pyridine solution, the form. 
ation of this compound obviously being due to the intermediate 
formation of iodomalonic acid. Somewhat similar to this type 
of reaction is the direct formation of a quaternary salt by treating 
an unsaturated compound with a halogen in pyridine solution. 
As an example of this may be cited the formation of a betaine 
(I or II) by treating cinnamic acid with iodine and pyridine 
(Ortoleva, Gazzetta, 1899, 29, i, 503) : 


CHPh-CHI-CO CHPhI-VH-CO «,) 


(I) 
C;H,N——_-—— C;H,N—O 


The ease with which these reactions take place is remarkable when 
it is remembered with what difficulty iodine usually enters into 
addition and substitution reactions. The explanation probably 
lies in the formation of a loose compound of iodine and pyridine, 
and we hope to investigate this reaction in greater detail in the 
near future, as there seems to be considerable probability of util- 
ising it for the quantitative estimation of unsaturated groups. 
Since the “ bridge ” bond in anthracene closely resembles a double 
bond in its behaviour, the formation of 9 : 10-dihydroanthra- 
quinyldipyridinium dibromide (Barnett and Cook, loc. cit.) from 
anthracene, pyridine, and bromine is probably to be classed as 
quaternary salt formation from an unsaturated compound, but in 
this case the reaction does not take place if iodine is substituted for 
bromine. 

The formation of pyridinium salts from unsaturated compounds 
does not seem to be confined to those in which the double bond 
lies between two carbon atoms. Thus Ortoleva (Gazzetta, 1903, 
33, 51; Atti R. Accad. Lincei, 1903, [v], 16, i, 874) treated benz- 
aldehydephenylhydrazone with iodine in pyridine solution, and, 
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in addition to the oxidation products (III and IV), obtained a 
third substance which melted at 265—267°. This he regarded as 
3 pyridinopyrazole and explained its formation thus : 


matic uz) CHPh:N-NPh CHPh:N:N Ph 
: ‘ aoa a (IV.) 
ation CHPh‘N:NPh NHPh-:N:C Ph 
our. 
large 
pose, 


but it is very improbable that replacement of the hydrogen atoms 
of the pyridine ring would take place under the experimental 
conditions employed, and it is much more probable that the com- 


he. pound was a pyridinium salt formed by the addition of pyridine 
iota hydriodide to benzaldehydephenylhydrazone : 

ype NHPh-NH-CHPh:NC,;H,I. 

ting § This formula is in agreement with the analyses given by Ortoleva, 
ion, @ but the reaction requires further investigation. 


The last class of compounds which have been found to be capable 
of direct quaternary salt formation comprises those containing the 
quinonoid group, and the present communication deals with this 
reaction. Up to the present we have confined our experiments 
to those compounds in which the quinonoid grouping is due to 
two cyclic carbonyl groups, but preliminary work has been carried 
out with other quinonoid derivatives and it seems probable that 
the reaction is a general one. 

Ortoleva (Gazzetta, 1901, 31, ii, 256; 1902, 32, i, 447), by treating 
quinol or catechol with pyridine and iodine, obtained water-soluble 
iodides. He also found that benzoquinone and pyridine hydriodide 
gave the same product as was obtained from quinol, pyridine, and 
iodine. As his salts had no ketonic properties and as he was only 
able to obtain monoacetyl derivatives, Ortoleva concluded that 
in them the pyridinium group must be attached to an oxygen 
atom, and therefore he assigned to them the formule : 

[1]OH-C,H,°O-N(C;H;1)[4] and [1]OH-C,H,-O-N(C;H,1)[2]. 

The stability of the salts is not in accord with these formule, 
and two of us have already had cause to criticise them adversely 
(Barnett and Cook, loc. cit.). It was therefore decided to repeat 
and extend Ortoleva’s experiments, and in the present communi- 
cation it will be shown conclusively that the above formule are 
erroneous, and that the compounds are really dihydroxypheny]l- 
pyridinium salts. The main proof of the presence of the two 
hydroxyl groups rests on the fact that we have been able to pre- 
VOL. CXXIII. = 
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pare diacetates, in contradiction to Ortoleva’s assertion that only 
monoacety! derivatives can be obtained. 

Since only those phenols in which there are two hydroxyl groups 
in the ortho- or para-position to one another give pyridinium 
salts when treated with pyridine and a halogen, it is reasonably 
certain that the first step in the reaction consists in oxidation to 
a quinone, so that the mechanism of the reaction is essentially 
the same whether the preparation is carried out from the dihydric 
phenol, pyridine, and a halogen, or from the quinone and pyridine 
hydrohalide. 

C,H,(OH), ““*. O:C,Hy!O — C,H,(OH),*N(C;H;)Hlg. 

At first it seems strange that this reaction should take place at 
all when the halogen used is iodine, as a method for the quanti- 
tative estimation of quinones has been based on their reduction 
by hydriodic acid (Valeur, Compt. rend., 1899, 129, 552; Willstitter 
and Majima, Ber., 1910, 43, 1171). The reaction between iodine 
and the dihydric phenol, however, is no doubt a reversible one, 

C,H,(OH), + I, <= 0:0,H,:0 + 2HI, 
and only takes place to an appreciable extent from left to right so 
long as the hydriodic acid is removed by conversion into pyridine 
hydriodide, and addition of this to the quinone, but up to the present 
we have not investigated the physical chemistry of the reaction. 

In the case of quinol there is no alternative formula possible 
for the pyridinium salt (V) and the same remark applies to the 


OH N(C,;H;)I 


/\/NN(C;H;)Br  / YOH 
AZ \ Jou 
OH (VIL.) 


\OH 
0 


(VI.) 
corresponding bromide obtained from 1: 4-naphthaquinone and 
pyridine hydrobromide (VI). In the case of catechol the salt 
may be represented by VII or VIII and we have been unable to 
decide which of these is correct. 

At first it seemed probable that the formation of these mono- | 
pyridinium salts was due to the addition of halogen acid to the 
quinone and subsequent pyridinium salt formation and enolisation. 


OH 
(V.) 


4 h (C;H;)Hlg 
OH 
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It this were the case, the reaction should be confined to the halogen 
gcids, but Ortoleva (Gazzetta, 1903, 33, i, 164) has found that the 
rresponding nitrate is formed from benzoquinone, pyridine, and 
nitric acid, and we have confirmed his observations in this respect 
and have found that sulphuric acid acts in the same way. Indeed 
it will be shown in a future communication that the reaction can 
be applied to a large number of acids. As it is extremely im- 
probable that benzoquinone and nitric or sulphuric acid would 
form a compound by addition that would undergo quaternary salt 
formation, we have been forced to the conclusion that these salts are 
formed by the direction addition of the pyridine salt to the quinone. 

In the dihydroxyphenylpyridinium salts mentioned above the 
hydroxyl groups are still in the ortho- or para-position with refer- 
ence to one another. These compounds should therefore be cap- 
able of oxidation to the corresponding quinonepyridinium salt, 
yhich might then unite with a second molecule of a pyridine 
alt to produce a dihydroxyphenyldipyridinium compound. Our 
periments have shown that this is actually the case, although 
the resulting compounds are unstable and the excessive solubility 
of the dipyridinium salts renders them almost impossible to isolate. 

The treatment of a quinone dibromide with pyridine might lead 
to several products owing to the possibility of enolisation and 
loss of hydrogen bromide taking place, with or without the simul- 
taneous formation of a quaternary salt. In the case of p-benzo- 
quinone dibromide, treatment with pyridine leads to the production 
of a compound which is almost certainly bromoquinolpyridinium 
bromide (IX), although it:is exceedingly difficult to purify and all 
the samples prepared showed a slight deficiency in bromine. A 
similar reaction takes place when 1 : 2-naphthaquinone dibromide 
is treated with pyridine, the product being a bromodihydroxy- 
naphthalenepyridinium bromide (X or XII). 


\Y Now > 
4 K, PN(CH)Br <— 
Dose aae 


If the reaction is carried out in the presence of excess of. bromine, 


the corresponding quinone (XI or XIII) is. obtained, and this can be 
T2 
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reduced to the dihydroxy-compound by sulphurous acid. The 
isolation in this case of both the quinone and the dihydroxy. 
compound furnishes the necessary proof that enolisation has taken 
place during the formation of the pyridinium salt. 

A different reaction takes place if 1 :2-naphthaquinone is sus. 
pended in pyridine and then treated with one molecular proportion 
of bromine, as under these conditions the dibromide, which pre. 
sumably is first formed, loses a molecule of hydrogen bromide and 
at the same time undergoes pyridinium salt formation, the resulting 
product being naphthaquinonepyridinium bromide (XIV or XV). 
The corresponding benzoquinonepyridinium bromide is probably 
formed when benzoquinone in pyridine solution is treated with 
bromine, but owing to its excessive solubility we have been unable 
to isolate it. 


O O 
eav) ( Ye (yy (XV. 
yl Sy ee ul) nay 


ZL 
N(C;H;)Br 


On the basis of the mechanism of the formation of pyridinium 
salts outlined above, quaternary salt formation by the action of 
pyridine and a halogen should be confined to those phenols which 
are capable of oxidation to a quinone, that is, to phenols in which 
there are two hydroxyl groups in the ortho- or para-position to 
one another. This is in agreement with experiment, as the mono- 
hydric phenols and the m-dihydric phenols such as resorcinol 
appear to undergo simple bromination when treated with bromine 
in pyridine solution. If the replacement of a hydrogen atom in 
an aromatic compound by a halogen atom is preceded by an 
additive reaction, then, since in the additive compound the halogen 
atom must be “aliphatic ” in character, there is a possibility of 
pyridinium salt formation taking place. Such a reaction, how- 
ever, would have to compete with the tendency of the additive 
compound to lose hydrogen bromide, a tendency which is always 
great and which would be enhanced by the presence of the base. 
Consequently pyridinium salt formation is unlikely to take place, 
except possibly to a very small extent. Preliminary experiments 
which we have carried out with certain aromatic hydrocarbons 
support this view, but in the case of mesitylene and naphthalene 
we have obtained distinct evidence of the formation of quaternary 
salts. Up to the present, however, it has not been possible to 
obtain these in the pure state and therefore we postpone further 
discussion of this reaction until our work is more advanced. 

Since heteronuclear quinones can be obtained from dihydroxy- 


Br 


~ The 
droxy. 
taken 


iS sug. 
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diphenyl derivatives in which the two hydroxyl groups occupy 
the two para-positions with reference to the point of union of the 
two rings, it seemed of interest to ascertain if such phenols were 
capable of undergoing direct quaternary salt formation. We 
therefore submitted diphenol (pp’-dihydroxydiphenyl) to the 
combined action of bromine and pyridine. As was to be expected, 
the first action was one of bromination, and pyridinium salt form- 
ation only took place when five molecular proportions of bromine 
were employed. Under these conditions a dark green product 
was formed which we have been unable to obtain pure, but which 
on treatment with hydrobromic acid and alcohol underwent re- 
duction to a pale yellow compound which analysis showed to be 
dibromodiphenyldipyridinium dibromide (XIX). Since the action 
of four molecules of bromine on diphenol in pyridine solution 
leads almost exclusively to tetrabromodiphenol (XVI), this tetra- 
bromo-compound must be regarded as being an intermediate 
product in the formation of the pyridinium salt. The action of 
the fifth molecule of bromine must, then, be to oxidise this to 
tetrabromodiphenoquinone (XVII), subsequent pyridinium salt 
formation taking place between one molecule of this and two 


molecules of pyridine. 
OH 0 O OH 


Br/ \Br Br/ “Br Br/ NN (CiH)Br Br/ N(CsH,)Br 


Yet i 
a ee Se — | 
i f™ ri if 
Br /)Br Br Br Br N(CsHS)Br Br N(CH,)Br 
OH s “ OH 
(XVI) (XVIL.) (XVIII) (XIX.) 


That the halogen atoms in the halogenated quinones are sufficiently 
reactive to undergo pyridinium salt formation has been shown by 
Ullmann and Ettisch (Ber., 1921, 54, [B], 261) in the case of di- 
chloronaphthaquinone, and there can be no reasonable doubt but 
that the products obtained from chloroanil and pyridine are really 
pyridinium salts, although not so described by Imbert (Compt. 
rend., 1901, 133, 162; Bull. Soc. chim., 1898, [iii], 19, 1008. Com- 
pare also Barnett and Cook, T., 1922, 121, 1381). The green 
product referred to above may be dibromodiphenoquinonedipyrid- 
inium dibromide (XVIII), but its colour is more in accord with 
its being of quinhydrone nature. 

It has previously been shown by two of us (Barnett and Cook, 
loc, cit.) that the pyridinium salts derived from the hydroxy- 
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anthraquinones pass easily into phenobetaines. In the case of 
the pyridinium salts derived from the dihydric phenols of the 
benzene and naphthalene series this tendency is less marked, 
although phenobetaines can usually be obtained by the action of 
ammonia. This increased difficulty in phenobetaine formation is 
probably to be attributed to the less acidic nature of the phenolic 
group in the benzene and naphthalene compounds as compared 
with similar compounds in which the hydroxyl group is directly 
attached to the anthraquinone ring system. If this is the case, 
any group which increases the acidic nature of the phenolic hydroxyl 
group should also increase the tendency to form a phenobetaine. 
In order to test this point we submitted monobromoquinol and 
2: 5-dibromoquinol to the simultaneous action of bromine and 
pyridine. Owing to the uninviting physical properties of the 
resulting compounds we were unable to obtain them in a state of 
purity, but the crude substances certainly behaved more like 
betaines than salts. Greater success was achieved in the case of 
2 : 5-dinitroquinol, as the product obtained in this case was com- 
pletely free from bromine and was probably the nitrolbetaine 
(XX). It was easily converted into the bromide (XXI) by re- 
crystallisation from dilute hydrobromic acid, and in this way differs 
from the nitrolbetaines obtained from 3- and 4-nitroalizarin, as both 
these separate from hydrobromic acid completely free from bromine. 


0 OH 
\=NO NNO, 
(XX.) | SO | | (XXL) 
NO,\_ }—N(C,H,) NO,\ JN(CsH,)Br 
OH OH 


All the pyridinium salts which we have studied give more or less 
intense colours on treatment with alkali hydroxides. To some 
extent the production of these colours is no doubt due to betaine 
formation, but at the same time it is probable that opening of 
the pyridine ring takes place with the formation of a derivative 
of glutaconaldehyde (Zincke, Annalen, 1904, 330, 361; 333, 
296; 1905, 338, 107; 341, 365; Zincke and Krollpfeiffer, ibid., 
1914, 408, 285; Zincke and Weisspfenning, J. pr. Chem., 1910, 
fii], 82, 1; 1912, [ii], 85, 207). Owing to their instability, we 
have not examined these coloured substances. 


EXPERIMENTAL. 
Pyridinium Salts Derived from Quinol. 
(a) Quinolpyridinium Bromide (V).—To a solution of quinol 
(5°5 grams) in 10 c.c. of pyridine, cooled in a freezing mixture, 


ol 
D, 
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bromine (2°5 c.c.; 1 mol.) in 15 c.c. of pyridine was slowly 
added, and the whole treated after an hour with excess of hydro- 
pbromic acid. The resulting bromide, recrystallised from dilute 
hydrobromic acid, formed slender, yellow needles, m. p. 234—235° 

(Ortoleva and di Stefano, loc. cit., give m. p. 230°) (Found: Br = 
%'1; H,O = 6°35. C,,H,)O,NBr,H,O requires Br = 28:0; H,O= 
629 per cent.). It is not converted into a betaine by alcoholic 
pyridine. The solutions give a deep red coloration when treated 
with ammonia, but a betaine could not be isolated. The picrate 
was obtained by adding aqueous picric acid to a solution of the 
bromide. It crystallised from boiling water, in which it is moder- 
ately soluble, in large, orange-yellow needles which melted at 
197—199° (Found: N= 12°95. C,,H,,0,N,,H,O requires N = 
1290 per cent.). 

A perbromide was obtained by adding bromine water to an 
aqueous solution of the bromide. It was too unstable to be re- 
crystallised and therefore, after thorough washing, it was dried 
ina vacuum desiccator (Found: Br = 53°3. C,,Hj90,NBr;,H,O 
requires Br = 53°8 per cent.). When boiled with acetone, this 
perbromide is reduced to quinolpyridinium bromide (identified 
by the method of mixed melting points and the preparation of the 
picrate), so that perbromide formation apparently takes place 
without simultaneous oxidation to the quinone. On the other 
hand, excess of bromine is essential to the production of the per- 
bromide, as it is not obtained when quinolpyridinium bromide is 
treated with an aqueous solution of exactly one molecule of bromine. 
It is possible that the hydrobromic acid produced by reducing the 
perbromide group with acetone reduces the quinone group. Owing 
to the impossibility of purifying the compound it could not be 
further examined. 

(b) 1:4-Diacetoxyphenylpyridinium Iodide. — Quinolpyridinium 
iodide was prepared by Ortoleva and di Stefano’s method and after 
recrystallisation from water was dried at 100°. Five grams of the 
anhydrous salt, 25 c.c. of pyridine, and 10 c.c. of acetic anhydride 
were heated together on the water-bath for an hour. After cooling, 
the crystalline precipitate was collected, washed with a little 
pyridine, and recrystallised from boiling acetic anhydride. After 
drying in a vacuum desiccator for several days over concentrated 
sulphuric acid and solid potassium hydroxide, the product 
was analysed, the acetyl groups being estimated by distillation 
with benzenesulphonic acid (Found: I = 31°5; CH,‘CO = 22°7. 
C,;H,,0,NI requires I = 31:8; CH,*CO = 21°5 per cent.). This 
iodide forms small, yellow crystals which darken at 160° and melt to 
a red liquid at 177—183°. It is very soluble, even in cold water. 


! 
H 
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(c) Quinolpyridinium Nitrate-——The directions given by Ortoleva 
(Gazzetta, 1903, 33, i, 164) for preparing this compound by adding 
dilute nitric acid to a suspension of benzoquinone in pyridine 
invariably lead to resinous products, but it was easily obtained 
by adding 20 grams of pyridine nitrate, suspended in 40 c.c. of 
pyridine, to 11 grams of benzoquinone in 25 c.c. of pyridine. Con. 
siderable heat was evolved. After heating on the water-bath for 
thirty minutes, the solution was cooled and the pink precipitate 
collected, washed with pyridine, and recrystallised twice from 
water, when it melted at 214—216° and agreed with the description 
of the nitrate given by Ortoleva. Its picrate was prepared and 
identified as quinolpyridinium picrate by the method of mixed 
melting points. 

(d) Quinolpyridinium Sulphate—Benzoquinone (5°5 grams) was 
added to a cold solution of 3 c.c. of concentrated sulphuric acid in 
30 c.c. of pyridine, and the whole heated on the water-bath for an 
hour. The resulting sulphate, after recrystallisation first from 
aqueous alcohol and then from water, formed yellow plates easily 
soluble in water but only sparingly soluble in alcohol (Found: 
S = 6:00, 6:05. C,.H,.O,N,8,2H,O requires S = 6°30 per cent.). 
The water of crystallisation is very firmly held and is not com- 
pletely lost at 145°. When an aqueous solution of the sulphate 
is treated with hydrobromic acid, the less soluble bromide, identified 
by the method of mixed melting points, is precipitated. 

(e) 2-Bromoquinol-3-pyridinium Bromide.—A solution of benzo- 
quinone (5°5 grams) in 50 c.c. of chloroform was cooled in a freezing 
mixture and treated slowly with 2°5 c.c. (1 mol.) of bromine. 
After keeping in the freezing mixture for an hour, the whole of the 
bromine had been taken up with the formation of the quinone 
dibromide. Pyridine (6 ¢.c.) was then added, and after keeping 
for a short time in the freezing mixture the whole was allowed 
to come to the ordinary temperature and the precipitate washed 
with chloroform and ether. After repeated recrystallisation from 
dilute hydrobromic acid this bromide formed straw-coloured 
needles which were easily soluble in water and alcohol and melted 
and decomposed at 270—272°. Its solutions give a red coloration 
on the addition of ammonia or alkali hydroxide (Found : Br = 45°. 
C,,H,O,NBr, requires Br = 46:1 per cent.). The low value found 

for bromine was probably due to the presence of a little quinol- 
pyridinium bromide. 


Dinitroquinolpyridinium Salts. 


(a) 2: 5-Dinitroquinolpyridinium Bromide (XX1I).—Bromine (27 
c.c.) in pyridine (15 c.c.) was slowly added to 2 : 5-dinitroquinol 


SE 
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('5 grams), suspended in 40 c.c. of pyridine, the whole being 
cooled in a freezing mixture. A violent reaction took place. After 
keeping in the freezing mixture for two hours and then over-night 
at the ordinary temperature, the solid was recrystallised several 
times from dilute hydrobromic acid and then washed with pyridine. 
This bromide formed large, yellowish-brown needles which are 
insoluble in alcohol, ether, and most organic media, and only 
sparingly soluble in hydrobromic acid. It is converted into the 
betaine by water, and when heated decomposes without melting 
(Found: N = 11°5; Br = 22-2. C,,H,O,N,Br requires N = 11°7; 
Br = 22°3 per cent.). 

(b) 2: 5-Dinitroquinolpyridinium Chloride—A mixture of 20 
grams of dinitroquinol, dissolved in 150 c.c. of alcohol, and 25 c.c. 
of pyridine * was treated in the cold with 25 grams of finely powdered 
iodine, and after keeping at the ordinary temperature for two 
days was heated on the water-bath for one and a half hours. The 
dark-coloured precipitate was well washed with alcohol and re- 
crystallised from dilute hydrochloric acid. After boiling with 
acetone, it was again recrystallised from hydrochloric acid and then 
formed long, bright yellow needles which commenced to decompose 
at about 180° and melted with profound decomposition at 205° 
(Found: Cl=11°6. C,,H,O,N,Cl requires Cl = 11°3 per cent.). 

(c) Dinitroquinolpyridinium Nitrolbetaine (XX).—Three grams of 
dinitroquinolpyridinium bromide were twice boiled with 500 c.c. 
of water, and the dark-coloured solid was extracted with alcohol 
containing a little pyridine. Owing to its insolubility, the betaine 
could not be recrystallised and therefore was analysed after thorough 
washing with alcohol and ether. It contained no bromine (Found : 
N= 145. C,,H,0,N, requires N = 15:1 per cent.). This betaine 
does not melt and is somewhat explosive. It is insoluble in all 
media, but dissolves in dilute acids to form salts. The bromide 
prepared in this way was identified as dinitroquinolpyridinium 
bromide by analysis and by direct comparison with a sample 
prepared in a different way (Found: Br = 22°3. Calc., Br = 22°3 
per cent.). It is also soluble in ammonia and the alkali hydroxides, 
the solutions being deep purple in colour. 

If the betaine (3 grams) is suspended in pyridine (25 c.c.) and 
the whole heated on the water-bath with acetic anhydride (10 c.c.), 
a bright orange, crystalline powder is obtained. This was insoluble 
in all media except a mixture of glacial acetic acid and acetic 
anhydride and would not crystallise from this solvent. We were 
therefore unable to purify it, but its colour and an acetyl estim- 

* Bright orange-red crystals of a pyridine additive compound at once 


separated, but were not further examined. 
re 
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ation, performed on the crude substance, pointed to its being a 
monoacetate of dinitroquinolpyridinium acetate (Found : C,H,O = 
19°5. C,;H,,0.N, requires C,H,0 = 22°7 per cent.). The same 
compound appears to be formed when the chloride is heated on 
the water-bath with pyridine and acetic anhydride, but in this 
case it is exceedingly difficult to obtain a product which is com. 
pletely free from chlorine (Found: C,H,O = 23°1 per cent.). 
The compound slowly develops a purple colour when its aqueous 
suspensions are treated with ammonia. 

An attempt was also made to prepare the acetate by boiling 
the chloride with acetic anhydride. This was not successful, as 
decomposition with evolution of nitrogen peroxide took place. 


Pyridinium Salts Derived from Catechol. 


(a) Catecholpyridinium Bromide (VII or VIII).—Bromine (2°5 
c.c.; 1 mol.) in pyridine (15 c.c.) was slowly added to catechol 
(5°5 grams) in 10 c.c. of pyridine, the whole being cooled in a freezing 
mixture. Absolute alcohol (20 c.c.) was then added and the solid 
collected after the whole had been kept in a freezing mixture for 
half an hour. After washing with alcohol, it was recrystallised 
from dilute hydrobromic acid and then formed long, colourless 
needles which melted at 267—268° (Found : Br = 29°7. C,,H,)0,NBr 
requires Br = 29°8 per cent.). 

The picrate was obtained by adding aqueous picric acid to a 
solution of the bromide. After recrystallisation from boiling 
water, it formed silky, lemon-yellow needles which melted at 
202—203° (Found: N = 133. C,,H,,0,N, requires N = 13-4 
per cent.). 

(6) 1: 2-Diacetoxyphenylpyridinium Iodide.—Catecholpyridinium 
iodide (2°5 grams), prepared by Ortoleva’s method, was heated on 
the water-bath with 10 c.c. of pyridine and 5 c.c. of acetic an- 
hydride. The iodide first dissolved and then crystals began to 
separate. After heating for an hour, the whole was cooled and 
the precipitate recrystallised from acetic anhydride. The purified 
product was dried for several days in a vacuum desiccator over 
concentrated sulphuric acid and solid potassium hydroxide and 
then formed pale yellow leaflets sintering at 190° and melting to 
a red liquid at 201—204° (Found: I=31°6; C,H,O = 21°. 
C,;H,,0,NI requires I = 31:8; C,H,O = 21°5 per cent.). 

(c) Catecholpyridinium Betaine——Catecholpyridinium bromide, 
dissolved in hot water, was treated with ammonia. On cooling 
the dark-coloured solution, yellow needles separated which were 
free from bromine. After recrystallisation from water, this betaine 
formed silky, orange needles which decompose without melting 
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at about 130—140° (Found: C=590; H=615; N = 6-7. 
C,,;HyO.N,2H,O requires C = 59:°2; H = 5°83; N = 6°3 per cent.). 
On drying in a vacuum desiccator, the colour changes to dark 
red, but reverts to orange almost immediately on exposure to the 
atmosphere. The aqueous solutions are red and become darker 


on addition of an alkali. 


Pyridinium Salts Derived from 1: 2- and 1 : 4-Naphthaquinone. 
(a) 1: 2-Naphthaquinone-3(or 4)-pyridinium Bromide (XIV or 
XV).—Bromine (5 c.c.) was slowly added to a solution of 16 grams 
of 1 : 2-naphthaquinone in 100 c.c. of pyridine, the whole being 
cooled in a freezing mixture. After keeping over-night at the 
ordinary temperature, the resulting solution was again cooled in 
a freezing mixture and the solid washed with pyridine and ether. 
After being recrystallised four times from a mixture of methyl 
alcohol and ether, this bromide formed small, orange-brown needles 
sintering at 195° and melting and decomposing at 201° (Found: 
Br = 23°8. C,;H,,O,NBr,H,O requires Br = 23-9 per cent.). It 
is very soluble in water and easily soluble in methyl or ethyl alcohol. 
Its solutions liberate iodine from hydriodic acid and give an intense 
purple colour when treated with an alkali hydroxide. On acidifying 
7 these purple solutions, the colour is discharged and a red, gelatinous 
] precipitate formed. It is easily reduced by sulphurous acid and 
then apparently forms a dihydroxynaphthalenepyridinium salt, 
} but the reduction is very difficult to control. 
q (0) 3(or 4)-Bromo - 1 : 2 -naphthaquinone -4(or 3) - pyridinium 
9 Bromide (XI or XIII)—Bromine (5 c.c.; 2 mols.) was slowly 
added to a solution of 8 grams of 1 : 2-naphthaquinone in 100 c.c. 
of chloroform. After keeping for half an hour, 8 c.c. of pyridine 
qj were added and the whole was kept for a further period of two 
4 hours. The solid was washed with chloroform and ether and then 
} boiled under reflux with acetone in order to destroy any perbromide 
] present. The crude product thus obtained was recrystallised first 
7 from dilute hydrobromic acid, then from a mixture of alcohol and 
@ ether, and finally from absolute alcohol (Found: C = 46°4, 46°5; 
9g 1= 3-50, 3:38; Br = 363. C,,;H,O,NBr.,C,H,O requires C = 
3463; H = 3-40; Br = 36:3 per cent.). 
9 If purified by recrystallisation from dilute hydrobromic acid 
instead of from alcohol, it separates as an orange, crystalline powder 
which becomes dark red on drying in a vacuum desiccator, but 
q teverts to its former orange colour on exposure to the atmosphere 
(Found : Br = 40°1. C,;H,O,NBr, requires Br = 40°5 per cent.). 
This bromide forms orange needles which are easily soluble in 


qj water. On heating, it sinters at 241° and melts and decomposes 
T* 2 
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at 244°. The aqueous solutions give a purple coloration on the 
addition of an alkali hydroxide, and on acidifying the purple 
solution a purple precipitate is formed. It liberates iodine from 
hydriodic acid and is reduced by sulphurous acid to the dihydroxy. 
compound. The reduced solution was treated with picric acid 
and the resulting picrate identified as bromodihydroxynaphthalene. 
pyridinium picrate by the method of mixed melting points. 

(c) 3(or 4)-Bromo-1 : 2-dihydroxynaphthalene-4(or 3)-pyridiniwm 
Bromide (X or XII).—Bromine (2°5 c.c.; 1 mol.) was added to 
8 grams of 1: 2-naphthaquinone in 100 c.c. of ice-cold chloro. 
form. The formation of the naphthaquinone dibromide seemed to 
be complete after forty minutes, and 4 c.c. of pyridine were then 
added slowly to the well-cooled solution. The mixture having 
been kept for an hour, the resulting bromide was washed with 
chloroform and after being recrystallised twice from dilute hydro- 
bromic acid and twice from a mixture of alcohol and ether formed 
yellowish-brown needles, which are sparingly soluble in cold water 
or alcohol (Found: Br = 40:2. C,;H,,O,NBr, requires Br = 403 
per cent.). When boiled with water, it decomposes into resinous 
substances, but the decomposition takes place much less easily 
on boiling with dilute acids. The aqueous solutions give a reddish- 
brown coloration when treated with an alkali hydroxide, and this 
colour is almost completely discharged on acidifying. On heating, 
the bromide sinters at 210° and melts at 217—220°. 

The picrate was obtained by adding picric acid to a hot solution 
of the bromide in dilute hydrobromic acid. It is very sparingly 
soluble, but can be recrystallised from very dilute hydrochloric 
acid, and then forms a lemon-yellow, crystalline powder which 
melts at 197—200° (Found: N=10°1. C,,H,,0,N,Br requires 
N = 10°3 per cent.). 

(d) 1:4-Dihydroxynaphthalene-3-pyridinium Bromide (VI1).— 
Three grams of 1 : 4-naphthaquinone, 5 grams of pyridine hydro- 
bromide, and 10 c.c. of pyridine were heated together on the water- 
bath for three and a half hours. The dark-coloured precipitate, 
having been washed with absolute alcohol to remove resinous 
matter, was recrystallised from a mixture of methyl alcohol and 
ether and finally from dilute hydrobromic acid, This bromide 
forms long, brown needles which melt and decompose at 214—216° 
(Found: Br = 24:0. C,;H,.O,.NBr,H,O requires Br = 23°8 per 
cent.). It is sparingly soluble in cold water or cold alcohol, the 
aqueous solution developing a deep purple coloration on the 
addition of an alkali hydroxide. 

Experiments were also made with a view to obtain pyridinium 
compounds by the action of bromine on a solution of 1 : 4-naphtha- 
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quinone in pyridine, and by the action of pyridine on a chloroform 
solution of 1: 4-naphthaquinone dibromide. In both cases, pro- 
ducts were obtained which contained bromine and nitrogen, but 
owing to their insolubility it was not found possible to purify 
them. They were probably betaines, for they became much paler 
in colour on treatment with acids, but as they remained insoluble 
it seems likely that they were of complex nature. 


Action of Pyridine and Bromine on 4 : 4'-Dihydroxydiphenyl. 


(a) Tetrabromodiphenol.—Bromine (2:1 c.c.; 4 mols.) was slowly 
added to a well-cooled solution of 2 grams of diphenol in 15 c.c. 
of pyridine. After keeping over-night, the greenish-black solid 
was washed with pyridine and ether and then boiled with 
alcohol containing hydrobromic acid. This treatment discharged 
the colour, and almost colourless crystals were obtained from the 
solution by diluting with water and then cooling. These were 
identified as tetrabromodiphenol by the method of mixed melting 
points. 

(b) 3: 3’-Dibromo-4 : 4'-dihydroxydiphenyl-5 : 5’-dipyridinium Di- 
bromide (XIX).—Two grams of diphenol in 15 c.c. of pyridine 
were treated as described above with 2°5 c.c. of bromine (5 mols.) 
in 25 c.c. of pyridine. The green product, on boiling with alcohol 
containing hydrobromic acid, dissolved to an almost colourless 
solution, and at the same time a penetrating smell of brominated 
alcohol derivatives was produced. A sample of the alcoholic 
solution gave no tetrabromodiphenol on dilution with water. 
On cooling, an orange-yellow substance crystallised out. This 
was recrystallised first from hydrobromic acid, then from absolute 
alcohol, and finally again from hydrobromic acid, and then formed 
straw-coloured needles which melt and decompose at 325° (Found : 
N=411; Br= 481. C,.H,,0,N,Br, requires N = 4:24; Br= 
48°5 per cent.). It is very sparingly soluble in cold water or cold 
alcohol, more readily soluble when hot. The aqueous solutions 
become bright orange-red on the addition of ammonia or an alkali 
hydroxide. 

Summary. 


1. It has been shown that the products obtained from quinol 
and catechol by treating them with pyridine and a halogen, and 
by the action of pyridine salts on p-benzoquinone, are dihydroxy- 
phenylpyridinium salts. 

2. The formation of phenobetaines from these compounds and 
from similar salts from dinitroquinol has been studied. 

3. The reaction has been extended to the naphthalene series 
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and in the case of 1 :2-naphthaquinone both the bromodihydroxy. 
naphthalenepyridinium bromide and the corresponding bromo. 
naphthaquinonepyridinium bromide have been isolated. 

4. It has been shown that diphenol is also capable of direct 
pyridinium salt formation by treatment with bromine in the presence 
of pyridine. 


In conclusion, the authors desire to express their thanks to the 
South Metropolitan Gas Co. for gifts of pyridine, and to the Research 
Fund Committee of the Chemical Society for a grant which has 
defrayed some of the expenses of this research. 
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LXIV.—The Constitution of Polysaccharides. Part VI. 
The Molecular Structure of Cotton Cellulose.* 


By James CoLtquHoun IRVINE and EpmMunp LANncGLey Hirst. 


Ir will be gencrally admitted that a complete study of cellulose 
must include, in addition to purely chemical inquiries, physical 
investigations on the mechanism whereby discrete particles are 
arranged to form organised structures possessing the properties of 
fibres. Nevertheless there are good reasons for claiming that 
cellulose is based on a molecular unit, although most chemists 
will agree that the identification of this unit represents the solution 
of only one of a series of complicated problems. 

Constitutional studies of this type are beset with unusual experi- 
mental difficulties and speculation is hazardous, but many of the 
investigators who have been attracted to this field have proposed 
structural formule with a confidence which the experimental 
evidence and the present state of knowledge regarding the simple 
sugars do not justify. As a result, the extensive literature on the 
constitution of cellulose contains many conflicting statements and 
suggestions which make for confusion rather than enlightenment. 
Accordingly it is not proposed at this stage to review in detail the 
earlier publications on the subject. 

A series of investigations on the molecular constitution of cellu- 


* As the title of this communication implies, the results now submitted 
were obtained with cotton cellulose. It has thus been considered unnecessary 
to specify throughout the text the particular form of the polysaccharide to 
which the paper refers. 
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lose was commenced in this laboratory twelve years ago, the work 
being based on the idea that the structure of compounds related 
to the sugars may be solved by the methylation method devised 
by one of us. The main inquiry was supplemented by cognate 
researches designed to provide the methylated sugars which would 
serve as the reference compounds necessary for the interpretation 
of the results. The information obtained in the course of these 
related researches is focussed in the evidence now submitted, and 
leads to a constitutional formula which expresses the molecular 
unit of cellulose in the simplest possible terms. 

Two well-established reactions form the basis of the argument : 

(1) cellulose (C,H, 90;),, on complete hydrolysis, is converted 
quantitatively into glucose, 

(2) the graded hydrolysis undergone by cellulose during “ aceto- 
lysis” may be arrested at a stage where the disaccharide cello- 
biose is a definite product. 

The first of these considerations has been upheld for many years, 
but the evidence generally put forward in support of the view that 
cellulose is composed entirely of glucose residues does not carry 
conviction to workers in the sugar group. We have, however, 
shown recently (Irvine and Soutar, T., 1920, 117, 1489; Irvine 
and Hirst, T., 1922, 124, 1585) that the transformation of cellulose 
into pure crystalline methylglucoside can be effected in yields 
which are at least 95 per cent. of the theoretical amount, and may 
be regarded as quantitative. This result has been confirmed by 
an independent method (Monier-Williams, T., 1921, 119, 803) and 
it may be concluded that the ultimate hydrolysis of cellulose 
proceeds according to the equation 


(C,H)05)2 + tH,O —> xC,H,,0, (glucose). 


Intermediate steps in the above reaction are unknown beyond the 
fact that, under. special conditions, cellobiose is a penultimate 
product. It is evident, therefore, that hydrolysis gives no clue 
to the molecular magnitude of the cellulose unit or to the inner 
constitution. The hydroxyl groups involved in the union of the 
glucose residues and the nature of the internal oxygen ring or rings 
present in each hexose component are likewise unknown. These 
factors, the absence of which accounts for much confusion in 
cellulose formule, have now been supplied by substituting methoxyl 
groups for all the hydroxyl groups in cellulose and thereafter sub- 
jecting the alkylated polysaccharide to hydrolysis. 

The methylation of cellulose was first undertaken by Denham 
and Woodhouse (T., 1913, 103, 1735 and subsequent papers), and 
as the solubilities prohibited the use of the silver oxide reaction, 
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the alkylation was effected by means of methyl sulphate and 
sodium hydroxide. Although alkylation proved to be difficult, the 
reaction proceeded normally and ultimately a methylated cellulose 
containing 25 per cent. of methoxyl was produced. The alkyloxy. 
groups survived the action of all ordinary reagents including the 
highly concentrated hydrochloric acid which was used to hydrolyse 
the compound. One of the products then obtained was a crystalline 
trimethyl glucose, and the result has a double importance in being 
the first preparation of a methylated sugar by the methyl sulphate 
reaction and in furnishing a sugar which, next to crystalline tetra. 
methyl glucose, is the most important reference compound so far 
known in this type of inquiry. The study of this particular tri. 
methyl glucose was immediately undertaken and, in the course of 
a laborious research, Denham and Woodhouse (T., 1917, 111, 244) 
obtained experimental evidence pointing to the structure shown 
in Formula I. This constitution was subsequently supported by 
Haworth and Leitch (T., 1918, 113, 188) and confirmed by Irvine 
and Hirst (T., 1922, 121, 1213). 


[-CH-OH , -CH—0—B 
( ¢H-OMe 6 ¢H-0H 
i | HOM, al | eon ae 
CH-OH ¢H——O0—C 
CH,-OMe . CH,-OH 


The formation of 2:3: 6-trimethyl glucose from cellulose shows 
that positions 1 and 5 of a glucose residue must have been protected 
from methylation. It follows, therefore, that cellulose is a deriv- 
ative of glucose in which positions 1 and 5 are substituted by one 
or more anhydro-glucose residues. Beyond this, the experimental 
evidence hitherto available does not go, and the limitation is 
expressed in Formula II, which represents the molecular unit of 
the polysaccharide as composed of three sections, A, B, and C. As 
some misconception seems to have arisen on this point, it is 
necessary to recall that the methylated cellulose employed by 
Denham when he discovered trimethyl glucose contained only 
25 per cent. of methoxyl, a value which is considerably lower than 
that required for a dimethyl derivative (32°6 per cent.). As a 
necessary consequence, the product of hydrolysis was a complex 
mixture, of which 2 : 3 : 6-trimethyl glucose was only one of many 
components. Of the three sections, A, B, and C, into which the 
cellulose molecule has now been mapped, A alone has been fully 
explored. The only claim which could be made regarding B and C 
was that they must consist of anhydro-glucose residues. B and C 
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night be constituted in any manner or be related to any of the 
jomeric forms of glucose. ‘They might be uniform with each 
other and with A, or all might be different. Obviously, a decisive 
answer to the issues thus raised could be obtained only by carrying 
out the methylation of cellulose to the maximum extent, and by 
identifying each of the methylated sugars thereafter formed on 
hydrolysis. 

Researches were undertaken to complete the work on these 
lines, but the war intervened, so that the evidence required to 
formulate sections B and C of the cellulose molecule is available 
now for the first time. Meanwhile, however, others have not 
refrained from utilising the incomplete results or from propounding 
formule for cellulose based directly on Denham’s earlier work. 
This will be referred to later. 

At the request of, and in consultation with, Dr. Denham, we 
have repeated and extended his experiments, and find that the 
progressive methylation of cotton cellulose is facilitated, not so 
much by the use of large excesses of the methylating agents as by 
frequent repetition of the treatments with the alkylating mixture. 
As described in the experimental part, when the process of methyl- 
ation followed by isolation of the product is repeated fourteen 
times, the methoxyl content increases to the observed maximum 
of 43°8 per cent. This is slightly less than the highest value found 
by Denham (44°6 per cent., T., 1921, 119, 77) and is in satisfactory 
agreement with the value required for a trimethyl cellulose (OMe = 
45°5 per cent.). No further increase in the methoxyl content was 
obtained on continuing the methylation twenty times. It is thus 
clear that the experimental procedure did not involve oxidation 
or the hydrolytic cleavage of the polysaccharide, and the result 
confirms the view that on an average there are three hydroxyl 
groups for every six carbon atoms present in the molecule. 

Trimethyl cellulose is a white solid which retains the micro- 
scopic appearance of the original cotton and is remarkably insoluble 
in organic solvents. The physical condition of the compound 
varies greatly according to the method of drying, the substance 
becoming horny and semi-vitreous when heated in the moist 
condition at 100°. When dehydration is effected by successive 
immersion in alcohol and ether, followed by prolonged drying in 
a vacuum oven at a low temperature, the compound can be disin- 
tegrated to a white solid resembling starch in appearance. 

On previous occasions, the hydrolysis of the partly methylated 
celluloses then available was carried out by the agency of highly 
concentrated hydrochloric acid, but the method was inapplicable 
in the present instance, as quantitative results were desired. 
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Resource was therefore had to heating with methyl alcohol con. 
taining hydrogen chloride—a process which effects hydrolysis and 
condensation of the products with the solvent. In the examin. 
ation of the methylated glucosides thus produced, a number of 
considerations had to be kept in view. It will be evident that in 
the event of the fragments of the cellulose molecule indexed as A, 
B, and C proving to be identical, a trimethyl cellulose could yield 
no sugar other than 2:3:6-trimethyl glucose. But although 
B and C may resemble A in being derived from the butylene-oxide 
form of glucose, they may differ in the position of the hydroxy] 
groups through which they are mutually linked. In such a case, 
a mixture of isomeric trimethyl glucoses would be formed. The 
number of isomeric sugars would be further increased if the 
fragments B and C belong to the y-series,* and the final possibility 
remains that the distribution of the hydroxyl groups between the 
sugar residues in cellulose may not be uniform. In other words, 
the frequently-quoted statement that cellulose contains three 
hydroxyl groups per C, unit has a limited significance and may 
involve nothing more than that this is an average value, some 
glucose residues having more than three such groups, and others 
less. Taking all these possibilities into account, the hydrolysis of tri- 
methyl cellulose might proceed in any one of the four ways indicated 
below : 


No. of possible 
forms, including 
y-isomerides. 


One variety of trimethyl] glucose ......... i 


: > Amixture of isomeric trimethyl glucoses 

Trimethyl ~~ of the butylene-oxide type ............ 
cellulose ~_ ; 

Me. > A mixture of isomeric trimethyl glucoses 


including y-fOrMS ......scercecseeserserseees 20 

\ 
Tetramethyl glucose ............++. x mols. 5 
- Trimethyl glucoses ............+0++- ymols. 20 
Dimethyl] glucose ...........0sseeeee0 xmols. 24 


Excluding «- and (-isomerides, the largest number of possible 
sugars which might be encountered is forty-nine and the experi- 
mental treatment was designed to separate these products if present. 
Contrary to expectation, the result actually obtained was the 
simplest of all the possibilities discussed. In the reaction now 
under consideration (which yields the methylglucosides corre- 
sponding to the hydrolysis sugars), the product was identified as 
the equilibrium mixture of «- and §-2:3:6-trimethyl methyl- 


* The expression y-scries is uscd here to designate all forms of glucose 
in which the internal oxygen ring is not of the butylene-oxide type. 
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gucosides. When hydrolysed in the usual manner, the glucoside 
sis and gave crystalline trimethyl glucose alone. The main product was 
xamin. | uniform. No isomerides were present: tetramethyl glucose, mono- 
ber of | methyl glucose, glucose, and y-sugars were definitely absent. As was 
hat in § to be expected, a small quantity of dimethyl methylglucoside was 
isolated from residues, but the amount of this impurity corre- 


as A 

| yield sponded exactly with the margin of deficiency (2°6 per cent.) in 
hough f the methoxyl content of the methylated cellulose used. The 
oxide § result is important and simplifies enormously the problem of the 
roxy] molecular structure of cellulose, particularly when the yields 
case, | obtained at the different stages are taken into account. 


The Stage I. Methylation of cellulose to dimethyl cellulose, 91 per 
T the § cent. 

bility Stage II. Methylation of dimethyl cellulose to trimethyl cellu- 
1 the § lose, 77 per cent. 

ords, Stage III. Conversion of trimethyl cellulose into trimethyl 
hree | methylglucoside (distilled), 91°5 per cent. 

may Stage IV. Conversion of trimethyl methylglucoside into 2 : 3 : 6- 
ome | trimethyl glucose (crystalline), 86 per cent. 

hers In the above table, the yields are quoted in percentages of the 
‘tri. § theoretical amount and refer to analytically pure products. Stages 
ited | I and II involved inevitable mechanical losses during the frequent 
methylations. It may be mentioned, however, that the yields 
le from stages III and IV were actually quantitative when based on 
ng polarimetric evidence and were much superior to those obtained 
in the standard preparations of the same compounds. 


Discussion of Results. 


To facilitate description, a synopsis of the reactions of primary 
importance in arriving at the molecular unit of cellulose is given 


below : 
CELLULOSE 
: Series (a) Series (b) Series (c) 
He (Irvine and Soutar, loc. cit.) | (Haworth and Hirst, T., 
it. (Irvine and Hirst, loc. cit.) 1921, 119, 193) 
1e v 
w Triacetyl cellulose Trimethy] cellulose Cellobiose 


Methylglucoside Trimethyl methylglucoside Octamethyl cellobiose 


P GLUCOSE 2:3: 6-TRIMETHYL 2:3: 6-TRIMETHYL 
GLUCOSE GLUCOSE 


2:3:5: 6-Tetramethyl glucose 
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The simplest molecule which will satisfy the conditions of serie 
(a) and (6) is that of a 1 : 5-anhydroglucose of the butylene-oxik 
type (Formula ITI). 


—¢H iE 0) 
6 (HOH | CH-OH 
CHOH 0 | (H-OH 
—CH | —CH 
CH CH--O—CH-CH(OH)-CH(OH)-OH-CH-CH,-0H 
CH,-OH CH,-OH O 
(III.) (IV.) 


Such a structure would, however, be incapable of yielding cello. 
biose and of conforming to the requirements of series (c), unless 
it is assumed that the disaccharide is an adventitious product 
formed during acetolysis by the autocondensation of glucose, 
Experimental evidence is entirely opposed to this view and, 
further, octa-acetyl cellobiose has never been prepared from penta- 
acetyl glucose. Moreover, the linkage of the two glucose residues 
in cellobiose is characteristic only of natural carbohydrates and 
has been detected in lactose (Haworth and Leitch, T., 1918, 113, 
188), in starch (Irvine and Macdonald, Brit. Assoc. Reports, 1922; 
J. Soc. Chem. Ind., 1922, 41, 363R), and in glycogen (Macbeth 
and Mackay; unpublished result). These observations lead in- 
evitably to the conclusion that the cellobiose residue is preformed 
in the cellulose molecule and consequently the unit of the poly- 
saccharide must contain, at least, two glucose residues. In order 
to conform to the structure of cellobiose, these must be united 
as in Formula IV. 

In terms of this formula, however, 100 parts of cellulose should 
give 105°5 parts of cellobiose, and although, considering the con- 
ditions employed in such reactions, it is not to be expected that 
the maximum should be realised in practice, the yields of the 
disaccharide are extremely variable and rarely exceed 35 per cent. 
The highest recorded are of the order 50—60 per cent., and in the 
meantime it is prudent to select a formula for cellulose which will 
give a yield of cellobiose approximating to this figure rather than 
to the higher value 105°5. On this basis, the simplest formula is 
that of a tri-anhydroglucose which can be constituted in four ways 
whilst preserving the necessary 1: 5-linkage. These alternatives 
are expressed in Formule V, VI, VII, and VIII. 

All the structures satisfy quantitatively the primary conditions 
of the conversion of cellulose into glucose and into the correct 
isomeric form of trimethyl glucose. In addition, the maximum 
theoretical yield of cellobiose would be in each case 70 per cent. 


f S€Ties 
€-OXide 
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H,’OH O 
—cu—o— (H——CH-CH(0H)-CH(OH)-CH 
O CH-OH 
CH-OH O (V.) 
‘H-—O CH-CH(OH)-CH(OH)-CH-CH-CH,-OH 
H,-OH O ” 
O 
—CH—0—CH-CH(0H)-CH(0H)-CH-CH-CH, OH 
O CH-OH 
| CH-OH O (VL) 
'—CH 
CH—0O—CH-CH(0H)-CH(OH)-CH-CH-CH,-OH 
CH,°OH O 
CH,OH | O 
—CH— 0—CH——CH-CH(OH)-CH(0H)-CH 
o (HOH | 
— O (VIL) 
—~CH 
(H—0—CH CH-CH(OH)-CH(OH)-CH 
¢H,OH  (OH,-OH 0 
I O 
—CH O CH-CH(OH)-CH(OH)-CH-CH:CH,-OH 
0 oe | 
CH: O 
ae ( H (VIITI.) 
(H—O—-¢H ———GH-CH(OH)-CH(OH)-¢H 


GH,OH CH,O0H 


Letters in block type designate the potential reducing groups. 


together with 37 per cent. of glucose. The methylation process 
gives no help in discriminating between the alternatives, and other 
characteristic chemical reactions of cellulose are accounted for 
by any of the formule. It will be seen, however, that compounds 
possessing the structure of formule VI, VII, and VIII could give 
rise to cellobiose in one particular way only and might yield in 


addition either 
(a) a non-reducing glucose glucoside, 
or (b) a doubly reducing diglucose of a type which is unknown.* 


* Ost and Prosiegel (Z. angew. Chem., 1920, 38, 100) describe an zsocello- 
biose obtained by the acetolysis of cellulose. It is doubtful if this is a single 
chemical individual, but as the reducing power is equal to that of maltose the 
compound cannot correspond with either of the disaccharides postulated above. 
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On the other hand, the graded hydrolysis of a compound formu. 
ated as in V would result in cellobiose as the only possible di. 
saccharide. 

Taking all available factors into account, we prefer Formula Vy 
as the simplest expression of a molecule which, polymerised in 
unknown numbers, would represent cellulose as a chemical entity, 
but we recognise that any odd number of anhydroglucose residues 
from three upwards can be arranged so as to fulfil the conditions, 
Our work gives no indication of the degree of polymerisation 
undergone by the molecular unit, but the extreme insolubility of 
trimethyl cellulose compared with the ready solubility of methylated 
starch, inulin, and glycogen points to the idea that cellulose is 
the most highly polymerised of the known polysaccharides. This 
subject is engaging our attention together with the cognate problem 
of the depolymerisation of cellulose. In addition, other standard 
forms of cellulose are being examined on the lines indicated in 
this paper as part of our general programme of research on poly- 
saccharides. We are also engaged with experiments designed to 
identify disaccharides other than cellobiose among the degradation 
products of cellulose and reserve the structural study of such 
compounds. 


Discussion of Other Formule for Cellulose. 


Of the various structures which have been suggested, consider- 
ation may be limited to formule expressing a relationship between 
cellulose and glucose. These may be classified approximately 
under headings. 

1. Formule Modelled on that of the Glucosides.—Hess has pro- 
posed a variety of glucosidic structures for cellulose which bear 
a general resemblance to Fischer’s formula for tannins. The 
simplest example is shown below, variations being introduced by 
lengthening any of the sugar chains. 


—CH-- O—CH- cH (OH) CH(OH)-CH-CH(OH)-CH,-OH 
bu—o-Ge- CH(OH). ) CH (OH) GH-CH(OH)-CH,-OH 
CH—O-CH- CH(OH). CH(OH)-CH-CH(OH)-CH,: OH 

|_CH 

da—o—de: cH(OH) CH(OH)-CH-CH(OH)-CH,-OH 

bu, -o- GH-CH(OH). CH(OH)-CH-CH(OH)-CH,-OH 


By our processes, the above structure would give five molecules 


O 


IX.) 


fron 
unit 
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of 2:3:5: 6-tetramethyl glucose and one molecule of glucose, 
while the same products, together with trimethyl glucose, would 
be obtained from the more complex formule suggested by Hess. 
Our results are entirely opposed to this view or to any formula 
in which the hydroxy] groups are not symmetrically distributed. 

2. Formule Based on Haworth and Hirst’s Constitution for Cello- 
biose—Karrer (Helv. Chim. Acta, 1921, 5, 187), recognising that 
the structure of cellobiose must be repeated in cellulose, has claimed 
on slender experimental grounds that cellulose is a polymeride of 
a form of anhydrocellobiose for which he has devised the name 
“cellosan.”” The formula need not be reproduced. On methyl- 
ation and hydrolysis, the hypothetical “cellosan” would give 
equimolecular proportions of 2:3:6- and 2:3: 5-trimethyl 


f glucose. No trace of the latter compound was formed from 


methylated cellulose and Karrer’s formula is manifestly incorrect. 
3. Formule Based on Anhydroglucoses—Three examples may 


be quoted. 
( CH(OH)—CH—CH, CH(OH)-CH——-CH,,_| 
| No No | 
_CH(OH)—CH—CH-OH |x CH(OH)-CH(OH)-CH _x 
Green. Vignon. 
-‘ CH—-CH(OH)—CH, ] 
No | (XI) 
-CH(OH)-CH(OH)-CH «x 
Pictet. 


Each of the above structures would give a trimethyl cellulose, but 
subsequent hydrolysis would yield 

(a) a dimethyl glucose from X, 

(b) 2:3: 4-trimethyl glucose from XI, 

(c) 2:3: 5-trimethyl glucose from XII. 
In no case are these conditions supported by our results. Refer- 
ence may also be made under this heading to the formula suggested 
by Hibbert. In a review (J. Ind. Eng. Chem., 1921, 13, 256, 334) 
of the standard constitutional reactions of cellulose, he proposes 
the structure 


H,°OH 
| age once, | PEE EE x 
| —~o nhac! | : 
CH(OH)-CH(OH)-CH....... y 
from which polymerisation proceeds by the addition of similar 
units at x and y. Two such additions, arbitrarily arranged, give 
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the same structure as Formula V and presumably this method of 
addition could be extended indefinitely. As already stated, we 
do not agree with the view that cellulose is based on a single 
hexosan unit or on any molecule which contains an even number 
of such units. Nor is it likely, in view of the results obtained by 
the polymerisation of glucosan (Irvine and Oldham, Brit. Assoc, 
Reporis, 1922), that the mechanism suggested by Hibbert is 
functional in the formation of the cellulose complex. Hibbert’s 
method of building up the cellulose molecule was based on an 
assumption which was premature. He assumed that the fractions 
x and y are identical with each other and with the nucleus unit, 
whereas the quantitative evidence required to decide this point 
is now contributed for the first time. Nevertheless Hibbert states 
in his paper that Denham and Woodhouse had obtained trimethy] 
glucose ‘“‘ by the hydrolysis of completely methylated cellulose.” 
Of the reasons adduced in favour of his formula, only one (this 
misquotation of Denham and Woodhouse’s result) has any quantit- 
ative structural significance. Although one expansion of his 
formula coincides with that which we show to be consistent with 
our complete results, reference to the introduction will disclose 
how many possibilities were overlooked by Hibbert in his 
speculations. 

The constitution of the cellulose molecular unit proposed by us 
depends on three factors taken in conjunction. These have all 
been investigated here and are: (1) the proof that one fragment 
of the molecule consists of 1:5-anhydroglucose (Denham); 
(2) the proof that the same fragment is present in cellobiose, which 
is thus an integral part of the cellulose molecule (Haworth and 
Hirst); and (3) the proof now contributed that all the glucose 
residues in cellulose are identical. 

A constitutional formula arrived at in the absence of any one 
of these factors is logically invalid. 


EXPERIMENTAL 


Trimethyl Cellulose. 


Trimethyl cellulose was prepared essentially by the method 
already described (Denham, T., 1921, 119, 77). 

Cotton cellulose was in the first instance methylated to the 
dimethyl stage by the joint action of methyl sulphate and 30 per 
cent. aqueous sodium hydroxide. After four such treatments 
the procedure was varied and, in the subsequent alkylations, the 
methyl sulphate was dissolved in ether and the sodium hydroxide 
in methyl alcohol. The methoxyl content increased slowly in 
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the course of each successive alkylation and, after twelve treat- 
ments, was between 42 and 43 per cent. As this value was not 
exceeded, even when the methylation was repeated twenty times, 
it is apparently the experimental maximum. 

Up to the stage where dimethyl cellulose was the essential 
product, the weight of material obtained averaged 91 per cent. of 
the theoretical amount, but the introduction of the third methyl 
group diminished the over-all yield to 70 per cent. This figure, 
in view of the difficulty experienced in avoiding mechanical losses, 
must be regarded as considerably short of the maximum. Four 
independent preparations were carried out, the composition of the 
different specimens being given below : 


sthyl Specimen A......... 12 methylations. OMe = 42:0 per cent. 
se,” is Distance 17 " OMe = 43:1 __—s=é“" 
(this | DB deers 14 ” OMe = 430 __—i—=7, 
te | peenres OMe = 438 __sé=é«,, 
his 
vith @ 4 uniform mixture gave OMe = 43:1, whereas trimethyl cellulose, 


C,H,O0,(OMe)s, requires OMe = 45°5 per cent. 

It should be stated that Schweitzer’s reagent was not used at 
any stage to remove partly methylated material from the products, 
which thus retained the essential microscopic structure of the 
original cellulose. The evidence of hydrolysis submitted later 
showed that the preparation consisted of trimethyl cellulose (85 per 
cent.) mixed with dimethyl cellulose (15 per cent.). 


m) ; 
ie Simultaneous Hydrolysis of Trimethyl Cellulose and Condensation 
nen of the Product with Methyl Alcohol. 

The four specimens of methylated cellulose were uniformly 
ne | mixed and heated for fifty hours at 100° with excess of methyl 


alcohol containing 1 per cent. of hydrogen chloride. The most 
suitable charge for a sealed tube was found to be 4°5 grams of the 
solid and 60 c.c. of the acid reagent. As the decomposition was 
incomplete under the conditions stated, the heating was continued 
for a further period of fifty hours at 130°. Only a minute quantity 
of a flocculent solid then remained undissolved and the solution 
had acquired a faint yellow colour. Examination showed that 
this trace of solid residue consisted mainly of mineral matter and 
it was accordingly neglected. The solution, which contained the 
hydrolysis sugar in the form of the corresponding methylglucoside, 
was neutralised with silver carbonate, filtered, treated with charcoal, 
and evaporated under diminished pressure. A colourless syrup 
remained which, after drying at 100°/10 mm. until constant in 
weight, amounted to 95 per cent. of the theoretical amount calculat- 
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ing on the conversion of a trimethyl cellulose into trimethyl methy). 
glucoside. The syrup was distilled in a high vacuum, a small first 
fraction being collected in order to ascertain if any tetramethy| 
methylglucoside was present. 

B. p Ny OMe. 


First fraction . 8-6 per cent. 115°/0-6 mm. 1-4591 52-3 per cent. 
a. . oh <eoses |) ae 115—118°/0-5 mm. 14590 52:5 ,, ,, 
C eer si. « 120—130°/0-5 mm. 1-4665 47-0 ,,_ ,, 
Residue ...... 5-1 —_— _— — 


The constants determined on the first fraction agree exactly 
with those given by 2:3: 6-trimethyl methylglucoside and show 
that tetramethyl methylglucoside was absent. Even a trace of 
the latter compound would have been detected by an elevation 
of the methoxyl content and a depression of the refractive index. 
Fractions I and II were accordingly united as identical, and found 
to be pure trimethyl methylglucoside [Found: C = 50°72; H= 
8°58; OMe = 52°5; mp 1°4590. OC,H,0,(OMe), requires C= 
50°85; H = 8°47; OMe = 52°6 per cent.; np 1°4583]. 

Nucleation of the liquid glucoside with 2 : 3 : 5-trimethyl methyl- 
glucoside (prepared from glucosan) failed to induce crystallisation 
and the compound was further identified as the 2 : 3 : 6-isomeride 
by the determination of the specific rotation. 


Solvent. c. [a}>. 
GONE os cccncncnrsinmnnceneien 1-05 + 72-0° 
rr rrr 1-34 66-0 


Analysis of the fraction of higher boiling point and of the syrup 
remaining undistilled showed that this material was a mixture of 
40 per cent. of trimethyl methylglucoside with 60 per cent. of 
dimethyl methylglucoside. This is in agreement with the idea 
that the original methylated cellulose contained 85 per cent. of 
trimethyl cellulose and 15 per cent. of dimethyl cellulose, a result 
already indicated by analysis (Found : OMe = 43:1. Calc., OMe = 
43°6 per cent.). Allowing for this proportion of incompletely 
methylated material, the yield of pure distilled 2 : 3 : 6-trimethyl 
methylglucoside was 91°5 per cent. of the theoretical amount. 


Hydrolysis of Trimethyl Methylglucoside from Trimethyl 
Cellulose. 


In order to confirm the presence of both the «- and §-forms of 
2:3: 6-trimethyl methylglucoside, the compound was hydrolysed 
in one experiment under conditions which would display the 
characteristic rise and fall in rotation. The polarimetric record 
of the reaction thus obtained agreed exactly with that previously 
determined by Irvine and Hirst (loc. cit.). 


thy). 
l first 
ethy] 
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Solvent 3°2 per cent. aqueous hydrochloric acid, c = 2°5. 


Time. Temperature. [a}>”. 
5 minutes 90° + 84-5° 
a i 90-0 } Rise 
75 ” 9 94-4 
6 hours 100 * 76-0 \ Fall 
ae js * 72-0 { (constant) 


* Value calculated on the weight of sugar formed. 


Isolation of the product in the usual manner gave a viscous syrup 
which, on nucleation, rapidly solidified. The crystals, when 
purified, were identified as 2:3: 6-trimethyl glucose. Yield 50 
per cent. 


Quantitative Hydrolysis. Yield of Trimethyl Glucose. 


In repeating the hydrolysis on a larger scale the procedure was 
varied to obtain more accurate data as to the weight of sugar 
formed. A 4 per cent. solution of trimethyl methylglucoside in 
5 per cent. aqueous hydrochloric acid was boiled under a reflux 
condenser until the activity became constant ([«], + 72° in three 
hours). The presence of a small quantity of charcoal prevented the 
formation of coloured by-products during the hydrolysis. 

After neutralisation with barium carbonate, the solution was 
evaporated under diminished pressure and the residue extracted 
with dry ether. Removal of the solvent gave a syrup which, when 
nucleated with 2:3: 6-trimethyl glucose, solidified immediately 
to a hard, crystalline mass. Yield 86 per cent. of the theoretical 
amount. Without further purification, the sugar melted at 94— 
104°, and this value was unaffected by admixture with an authentic 
specimen of crystalline trimethyl glucose [Found: C= 48°50; 
H = 8:27; OMe = 41-2. C,H,O,(OMe), requires C = 48°65; H = 
8:11; OMe = 41-9 per cent.]. The purity of the material was 
further confirmed by determining the specific rotation in methyl 
alcohol before and after catalysis with a trace of hydrochloric acid. 
Initial [a] + 92°5° —> constant [«], + 66°5° for c = 1°35. 

Proof that Tetramethyl Glucose was Absent.—The finely-powdered 
sugar was boiled for several hours under a reflux condenser with a 
large excess of light petroleum. On evaporation of the filtered liquid 
no trace of residue remained and a similarly negative result was 
obtained on repeating the extraction. As by this process it is 
possible to identify with certainty as little as 0°01 gram of tetramethyl 
glucose, we conclude that this particular sugar was entirely absent. 

Proof that only 2:3:6-Trimethyl Glucose was Present.—After 
drying to remove low-boiling petroleum, the whole of the sugar 
was recrystallised fractionally from dry ether. This treatment 
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affected only the melting point, which increased to 104—108° 
When mixed with an authentic specimen of 2:3 : 6-trimethy) 
glucose melting at 105—109°, the value was unchanged (104—107°), 

Recrystallisation had increased the proportion of the «-form of 
the sugar present in the mixture, and the initial specific rotation 
in methyl alcohol had therefore risen to + 108°. This diminished to 
-+ 67° after catalysis and the figures are in excellent agreement with 
the standard values for 2 : 3: 6-trimethyl glucose. It is important to 
state that the total ethereal mother-liquors collected during the 
recrystallisation of the sugar were united and evaporated. The 
resulting syrup again solidified completely to a mass of crystals, 
thus proving that no liquid isomeric form of trimethyl glucose was 
present. 

As the conversion of trimethyl cellulose to trimethyl methyl- 
glucoside was effected in 91:5 per cent. yield, and as the pure sugar 
thereafter obtained from the glucoside amounted to 86 per cent. 
of the calculated value, the over-all yield for the series of reactions 
is 78°7 per cent. as a minimum. 


The authors desire to express their indebtedness to The Carnegie 
Trust for a grant in aid of the work, and to Dr. W. S. Denham for 
a generous supply of methylated cellulose. 
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LXV.—Researches on Pseudo-Bases. Part IV. A 
New Synthesis of Tertiary Amines of the Form 
R'CH,’NR'!R?. 

By GrerTRuDE Maup Rosinson and Rospert Rosrson. 


ALTHOUGH a variety of methods are available for the synthesis of 
primary and secondary amines of the aliphatic, alicyclic or fatty- 
aromatic series, the related tertiary bases must usually be pre- 
pared by some process of direct alkylation, and this method, 
although generally applicable, has certain serious disadvantages 
in many cases. Often it is difficult to control, the main product 
being a quaternary ammonium salt, and in other examples the 
required alkyl halide (or sulphuric ester) is not readily accessible. 
The experiments now to be described improve the position to the 
extent that if R-OH is a readily accessible alcohol convertible into 
an organo-magnesium compound R-Mgvhal, it is possible to produce 
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in a simple operation a base of the formula R-CH,-NR'!R?*. The 
methylene group is derived from formaldehyde, and experiments 
are in progress the object of which is to extend the reaction to 
other aldehydes and so obtain amines typified by the expression 
RCHR'-NR?R3. 

Before dealing with the process itself, it is desirable to make 
brief reference to the theoretical considerations which it involves 
and which led us to anticipate that the fundamental reaction would 
occur. 

The constitutional analogy between cotarnine and the simple 
pseudo-bases of the type NR,*CH,OH suggested that the latter 
should condense with alcohols so as to form ethers, NR,*CH,°OR; and 
in Part III of this investigation (McLeod and G. M. Robinson, T., 
1921, 419, 1470) the verification of this prediction was recorded. 
It was found that the condensation proceeded to a greater extent 
to completion when the higher alcohols were employed than was 
the case with ethyl and propyl alcohols and we have now used 
n-butyl alcohol with satisfactory results. 

By further reasoning from analogies with cotarnine derivatives, 
and on account of the ease of hydrolysis of these ethers and their 
reactivity towards substances such as ethyl cyanoacetate, it seems 
fair to conclude that the formulation given above is an inadequate 
representation of their chemical behaviour, which is in accord with 
the existence of the equilibrium 


— OR 
- ls plan é 
R,N—CH, 
But since these substances may be distilled without decomposition, 
the existence of any actual ammonium alkyloxide seems unlikely 


and the constitution of the members of this group is, we think, 
best represented by the formula 


+ {R,N=CH,~OR} —, 


which symbolises a partial intramolecular electrovalency con- 
necting the nitrogen and oxygen atoms. Thus the easy hydro- 
lysis and high reactivity are clearly connected with the “ onium ” 
tendencies of the nitrogen atom and this conception affords a 
ready explanation of the otherwise curious fact that the acetals, 
RO-CH,*OR, are so much less reactive than the amino-ethers, 
R,N-CH,°OR. The condition which facilitates the hydrolytic 
fission of a molecule —ab— into —aH and HOdb— is that a 
should be electronegative and b electropositive either because of 
their inherent character or as the result of an induced alternate 
polarity effect. The following example will suffice to illustrate this 


R,N-CH,-OR —— 
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point. In cm series CH, ar 0 CH, -CH;, ~ CH,: OCH OE) cH 
CH; ‘CH,:0. co ‘CH,;, CH, CO- 0:CO- CH;, CLCO- CH;, CGH, 0: 


cl ‘CH, ‘CH,, the ease of hydrolysis rises to a maximum at acetyl 
dhievide, where the polarity differentiation is greatest, and then 
falls. It would seem to follow that since oxygen is more electro. 
negative than nitrogen the amino-ethers should be more stable 
than the acetals, whereas the reverse is the case and for the reason 
which has been stated above. Striking confirmation of this view 
is to be found in the observation that whereas diethylaminomethy| 
n-butyl ether (I) is readily decomposed by water, its methochloride 
(II) is remarkably stable and resists hydrolysis even in dilute acid 
solution at 100°. This substance is indeed much more stable 
than an acetal and the obvious explanation is that the nitrogen 
is now positively charged, 


-- + 
(L) Et,N-CH,-OBu Ci{Et,NMe-CH,-OBu (IL) 


and instead of the condition N—CO we have N—C—0, which 


should facilitate reduction to N —CH rather than hydrolysis. The 
formation of methylamine, dimethylamine, and trimethylamine 
hydrochlorides from ammonium chloride and formaldehyde, and 
the process of methylation of amines by treatment with form- 
aldehyde and formic acid are well-known examples of reactions 
in which such reduction actually occurs. 

The quaternary ammonium hydroxide corresponding with the 
chloride II decomposes on heating with formation of methyldiethyl- 
amine and the indirect process of alkylation of secondary amines 
so indicated may prove serviceable in cases where there is a very 
great tendency towards the formation of quaternary salts. The 
stages recapitulated are : 


RR"NH + CH,O + Bu0OH —> RR!N-CH,:OBu 
RR!N-CH,-OBu + R2I > RR'R2N-CH,-OBu'I 
RR'R2N-CH,-OBu}OH —> NRR!R? + CH,O + BuOH. 


The reactivity of these dialkylaminomethyl ethers is, however, 
turned to much greater advantage in their condensation with 
organo-magnesium compounds, This occurs in accordance with 
the equation 


R,N-CH,-OBu + R'MgHal = R,N-CH,R! + BuO-MgHal, 


and the reactions were in all cases immediate and vigorous. Start- 
ing from diethylaminomethyl n-butyl ether (I), we have prepared 
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\y-butenyldiethylamine (III), 5-methyl-n-amyldiethylamine (IV), B- 
phenylirvethylamine (V), and «-homonaphthyldiethylamine (VI) by 
the action of magnesium ally] chloride, magnesium isoamyl bromide, 
magnesium benzyl chloride, and magnesium «-naphthyl bromide, 
respectively. 

(IIl.) CH,:-CH-CH,°CH,°NEt, CHMe,‘CH,°CH,°CH,"NEt, (1V.-) 
(V.-) CH,Ph-CH,:NEt, C,,>H,-CH,"NEt, (V1.) 
|.n-Butoxymethylpiperidine (VII) yields 1-n-amylpiperidine (VIII) 
on treatment with magnesium n-butyl iodide, and 1 : 4-di(n-butoxy- 
methyl)piperazine (IX) is converted by magnesium ethyl bromide 

into 1 : 4-dipropylpiperazine (X). 


cH, <CHe'CH.N-CH,-OBu CH <cH CH NICH: |yCH, 


CH,°CH, 
(VII. ) *(VIIL. ) 
CH,°CH CH,°CH, . 
BuO-CH, ‘N<cH HON CH,-OBu = Pr N< oH ‘CH, 2>NPr 


(Ix. ) (x. ) 


The ease with which this reaction occurs again prompts a com- 
parison with the acetals, which are unaffected by the Grignard 
solutions under ordinary conditions. Even orthoformic ester reacts 
sluggishly (Tschitschibabin, Ber., 1904, 37, 186; Bodroux, Compt. 
rend., 1904, 138, 92) and the reactivity which the oxygen in the 
amino-ethers displays towards magnesium appears explicable only 
on the basis of the constitutional theory which we have already 
advecated. Few reactions are more obviously connected with 
polar considerations than those of the organo-metallic compounds, 
and the behaviour of a substance towards magnesium methyl 
iodide can probably be used as a trustworthy guide to the extent 
to which polarisation * occurs in the molecule. Substances in 
which the atoms are held together by co-valencies only should 
react with difficulty if at all, whilst any pronounced polarisation 
should give rise to a reaction in view of the strong electropositive 
tendency of the magnesium atom. Judged by this criterion, the 
carbonyl group is polarised, that is, the carbon and oxygen are 
connected by a degree of electrovalency, which, however, does 
not necessarily amount to a full unit charge. This is in accord- 
ance with the theory put forward by Kermack and one of us (T., 
1922, 121, 427), since the oxygen octet is the more stable and the 
co-valency electrons are therefore appropriated by it to a certain 
unknown extent. In this case the bond is partly electrovalent. 
Such considerations do not apply to ethylene and its simple deriv- 


%° “ce 


* Synonymous are “partial dissociation, electrovalency,’’ “‘ intra- 


molecular ionisation.” 
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atives and these in practice do not react with the Grignard reagents, 
Consequently ethylene should be represented as CH,:CH, with 


co-valencies and not as CH,—CH,— with one co-valency and one 
electrovalency, as recently suggested by Lowry who, however, 
does not, perhaps, propose to apply his view of t&e nature of the 
double linking to such a simple case. 

If the symmetrical character of ethylene is disturbed by substitu. 
tion, the induced polar effects may become so considerable that the 
unsaturated group simulates the behaviour of the carbonyl of a 
ketone. The bond is then clearly polarised, but, if chemical 
behaviour counts for anything, the extent to which the co-valencies 
are replaced by electrovalencies is variable. It is, for example, 
much greater in methylenemalonic ester than in benzylideneacetone 
and in the latter greater than in ethyl cinnamate. Mention should 
be made of the fact that methylamine condenses with formaldehyde 
and n-butyl alcohol in presence of potassium carbonate with 
formation of di(n-butoxymethyl)methylamine, NMe(CH,°OBu),, 
which may prove to be a useful reagent in synthetical work. The 
equivalents of the new amino-ethers described were determined by 
decomposition with N/10-sulphuric acid and back-titration with 
N/10-sodium hydroxide, using methyl-orange as indicator. 


EXPERIMENTAL. 

Dimethylaminomethyl isoButyl Ether, CHMe,°CH,°O-CH,-NMe,.— 
An aqueous solution of dimethylamine (113 grams of 10 per cent.) 
was added with cooling to a mixture of isobutyl alcohol (20 grams) 
and formalin * (25 grams) and the whole saturated with potassium 
carbonate, well shaken, and allowed to remain over-night. The 
oil was then taken up in ether and the solution dried with potassium 
carbonate and distilled, using an efficient column. Thirteen grams 
of a colourless, mobile liquid boiling at 124—126°/763 mm. were 
obtained (Found: equivalent = 133; C,H,,ON requires equiv- 
alent = 131). The yield was therefore 40 per cent. of that required 
by theory and calculated on the dimethylamine employed, so that 
this experiment demonstrates that the formation of these ethers 
may occur in the presence of a considerable relative amount of 
water. Dimethylaminomethyl isobutyl] ether is readily hydrolysed 
by dilute hydrochloric acid or by hot water with formation of its 
generators, and its odour is that of a mixture of these substances. 

Diethylaminomethyl n-Butyl Ether (Formula I).—Diethylamine 


* Commercial so-called 40 per cent. formaldehyde. The methyl alcohol 
which this contains does not appear to give rise to the production of dialkyl- 
aminomethyl methyl ethers, probably because these substances are more 
rapidly hydrolysed than the similar ethers derived from higher alcohols. 
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(65 grams) was carefully added with cooling to formalin (85 grams) 
and after the addition of n-butyl alcohol (74 grams) the mixture 
was treated with so much potassium carbonate that about 10 grams 
remained undissolved. The whole was emulsified by vigorous 
shaking at intervals and after fifteen hours the oil was dissolved 
in ether and the solution dried by means of potassium carbonate. 
On fractionation under the ordinary pressure, 96°5 grams of a colour- 
less, mobile liquid boiling at 172—174°/754 mm. were obtained. 
This is a yield of 80 per cent. of the theory calculated on the 
diethylamine employed (Found: equivalent = 158. C,H,,ON 
requires equivalent = 159). The properties of the substance 
closely resemble those of other members of this class of amino- 
ethers. 

1-n-Butoxymethylpiperidine (Formula VII).—This substance was 
obtained from piperidine (42°5 grams), formalin (42 grams), and 
n-butyl alcohol (37 grams), following the method described in the 
foregoing sections. Sixty-five grams of an oil boiling at 210°/772 
mm. were obtained. Distillation under ordinary pressure causes 
in this case slight decomposition and discoloration. The substance 
boils at 96°/8 mm. without decomposition (Found : equivalent = 
172. C,gH,,ON requires equivalent = 171). The substance is 
relatively stable towards water and is not immediately hydrolysed 
by cold dilute hydrochloric acid. Its odour is basic and the 
formaldehyde effect is only observed after an interval of a few 
seconds. 

1 : 4-Di-n-butyloxymethylpiperazine (Formula IX).—This sub- 
stance was obtained by applying the general method to piperazine 
(32°5 grams), which was treated with formalin (85 grams), n-butyl 
alcohol (74 grams), and an excess of potassium carbonate. The 
ether, which resulted in a yield of 33 per cent. of the theory, is a 
colourless liquid boiling at 174°/10 mm. [Found : equivalent = 128. 
C,4H,,0,N, (diacid base) requires equivalent = 129]. The original 
components are readily formed by hydrolysis in dilute acid solution 
and slowly by water alone. 

Di(n-butoxymethyl)methylamine, NMe(CH,*OBu),.—An aqueous 
solution of methylamine (21 grams of 20 per cent.) was added in 
one portion to a mixture of n-butyl] alcohol (20 grams) and formalin 
(25 grams). The addition of the amine causes the separation of 
the liquid into two layers. So much potassium carbonate was 
then added that some of the salt remained undissolved and the 
mixture was frequently shaken and allowed to remain during two 
days. The oil was isolated in the usual manner and on distil- 
lation 12 grams of a colourless liquid boiling at 111°/15 mm. were 
obtained (Found: C= 647; H=11°9. C,,H,,0O,N requires 

VOL. CXXTII. U 


538 ROBINSON AND ROBINSON : 


C =,65:0; H=12°3 per cent.). This interesting substance is 
readily hydrolysed by dilute acids with formation of methylamine, 
butyl alcohol, and formaldehyde, and in other respects behaves 
as a normal aminomethy! ether, but it gives inaccurate results on 
back-titration after decomposition with N /10-sulphuric acid. Pos. 
sibly this may be due to the formation of a cyclic ester of sulphuric 
acid, but whether this explanation is the true one or is false the 
constitution of .the compound is clearly that which has been 
assigned in view of the properties. of the substance, the analytical 
results quoted, and the conversion to methyldiethylamine which is 
described below. It is proposed to attempt the utilisation of this 
derivative of methylamine for the synthesis of y-piperidones by 
condensation with reactive derivatives of acetone. 
Methyldiethyl-n-butoxymethylammonium Salts (Formula II).— 


Diethylaminomethy] n-butyl ether (8 grams) was mixed with methyl § ;, 


iodide (7 grams; 1-05 mol.) and kept in a dark cupboard in a closed 
vessel. ‘The solution quickly became cloudy owing to the formation 
of the methiodide. In a few hours a considerable oily layer had 
separated and after three days the whole mass had become uniform 
and consisted of a yellow, viscous syrup which showed no tendency 
to crystallise. In order to remove small quantities of unchanged 
base and methyl iodide the material was twice washed with dry 
ether and then dissolved in water and converted into the corre- 


sponding chloride by treatment with an excess of freshly precipitated | 


silver chloride, first during two hours in the cold, and then for 
fifteen minutes on the steam-bath. The filtered solution of the 
chloride was perfectly colourless and had no odour of formaldehyde. 
It may be kept unchanged for many weeks at room temperature 
and, even on boiling, hydrolysis occurs very slowly in neutral or 
acid media. On the addition of sodium hydroxide to the solution 
an oily ammonium hydroxide is precipitated and this on further 
heating decomposes with formation of butyl alcohol and methyl- 
diethylamine (see below). The following derivatives are sparingly 
soluble oils; periodide, perchlorate, mercurichloride, ferrichloride, 
ferricyanide; the chromate and oxalate are readily soluble salts. 

The chloroplatinate was found to be the most satisfactory deriv- 
ative and was obtained in the usual manner as a voluminous bufi 
precipitate. It is sparingly soluble in cold water, but dissolves 
freely in hot water and crystallises in frond-like aggregates of 
orange-yellow prisms which darken at 196° and melt at 204° with 
decomposition (Found: Pt = 260. Cy 9H,,0,N,Cl,Pt requires 
Pt = 25°8 per cent.). 

Methyldiethylamine.—(A). The additive product from diethyl- 
aminomethyl n-butyl ether (20 grams) and an equal weight of 
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methyl iodide was dissolved in water, a little hydrochloric acid 
sdded, and steam passed through the solution. This was done 
mder the impression that hydrolysis would be rapid and the butyl 
icohol formed would then be conveniently removed. It tran- 
gired, however, that very little butyl alcohol was found in the 
distillate and even under these conditions only a small proportion 
ifthe quaternary salt suffered hydrolysis. Free iodine was removed 
fom the solution by the addition of sulphurous acid and the liquid 
was then concentrated on the steam-bath to a syrup. This was 
nixed in a distilling flask with excess of concentrated aqueous 
potassium hydroxide and the mixture heated until no more base 
was evolved. The latter was collected in a vessel cooled by ice, 
md dried by means of potassium hydroxide and finally by dis- 
tillation over successive small quantities of sodium. Ultimately 
70 grams of the pure base boiling at 66° were obtained. Appar- 
ently no characteristic properties of derivatives of this simple 
amine (Passon, Ber., 1891, 24, 1681) have yet been recorded. 

The chloroplatinate is well adapted for the characterisation of the 


Fase and crystallises from ethyl alcohol in pale orange-yellow, 


prismatic needles melting sharply at 231° [Found: Pt = 33°36. 
((;H,,N).,H,PtCl, requires Pt = 33°37 per cent.]. When the 
aystals in a moist condition were touched with a nickel spatula, 
the melting point was found to be considerably lowered and it is 
probably a desirable precaution in the manipulation of other 
platinic compounds to avoid all contact with foreign metals. The 
substance also crystallises from methyl alcohol in pale orange, 
thombie prisms. 

(B). An ethereal solution of magnesium methyl iodide was added 
to di(n-butoxymethyl)methylamine (4°5 grams) and ether (40 c.c.) 
until no further obvious reaction occurred. An efficient reflux 
condenser was attached to the flask in order to avoid loss of volatile 
base, and the mixture was allowed to remain for half an hour 
and then gently heated during ten minutes. Water was added to 
the product, which was then made strongly acid by means of 
hydrochloric acid. The ether was removed by distillation and 
steam passed through the residual aqueous solution until the dis- 
tillate no longer contained butyl alcohol. The solution was cooled, 
rendered strongly alkaline, and again steam-distilled, the evolved 
base being collected by means of an adapter dipping in dilute 
hydrochloric acid. The acid solution was concentrated to a small 
bulk on the steam-bath and platinic chloride added. This pro- 
duced a small precipitate of a chloroplatinate sparingly soluble in 
alcohol, which was collected and washed with alcohol. The mother- 


liquor and alcohol washings were combined and concentrated to 
u2 
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very small bulk. The main quantity of the chloroplatinate then 
separated on cooling and the substance was crystallised from 
ethyl alcohol and then again from methyi alcohol and obtained in 
rhombic prisms melting at 231° (Found: Pt = 33°35 per cent,), 
Comparison showed that the substance was identical with the 
chloroplatinate prepared as described under (A) above. 

Benzyldiethylamine Chloroplatinate—A mixture of diethylamino. 
methyl n-butyl ether (7°9 grams) and benzyl chloride (6:3 grams) 
remained unchanged in the cold and was heated at 100° during 
seven hours. A brown oil separated and this became hard on 
cooling, but could not be crystallised. Water was added and 
steam passed through the solution, and as this did not effect decom. 
position of the quaternary salt the liquid was acidified with hydro. 
chloric acid and evaporated to a small bulk on the steam-bath. 

On the addition of sodium hydroxide and extraction with ether, 
very little base was obtained in the extract, but an insoluble oily 
quaternary ammonium hydroxide was thrown down. This was 
finally decomposed by distillation in a current of steam after the 
addition of an excess of sodium hydroxide, and the alkaline dis- 
tillate was acidified with hydrochloric acid and concentrated. A 
somewhat sparingly soluble chloroplatinate was derived in the 
usual manner and crystallised readily from water in needles and 
then from methyl alcohol in pale buff, glistening plates melting 
at 203° [Found : Pt = 26°5. (C,,H,,N),,H,PtCl, requires Pt =26:5 
per cent. ]. This salt has been previously prepared by Laden- 
burg and Struve (Ber., 1877, 10, 47), but no description of the 
properties of the substance has yet been placed on record. It is 
very sparingly soluble in acetone or ethyl alcohol, somewhat more 
readily soluble in methyl] alcohol or water. 

Ay-Butenyldiethylamine (Formula III).—A dilute ethereal solution 
of magnesium allyl chloride was gradually added to the diethyl- 
aminomethyl n-butyl ether (19 grams), dissolved in anhydrous 
ether. The addition of each drop produced a vigorous reaction 
and a curdy precipitate and it was easy to determine the point at 
which the whole of the amino-ether had been decomposed. After 
allowing to remain during a few hours, water was added in just 
sufficient amount to remove magnesium compounds from the 
ethereal solution, which was then filtered and the sludge of mag- 
nesium hydroxide washed with fresh ether in the flask. The 
combined filtrate was four times extracted with dilute hydro- 
chloric acid and this acid solution concentrated to a small bulk. 
On cooling, the hydrochloride separated as a mass of deliquescent 
crystals. The base was separated by addition of concentrated 
aqueous potassium hydroxide and careful distillation of the 
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mixture. It was taken up in ether, the solution dried by means 
of potassium hydroxide and distilled. For analysis, a specimen 
yas redistilled over sodium (Found: C= 753; H= 136. 
(,H,,N requires C = 75°6; H = 13-4 per cent.). This base is 
the diethyl analogue of the dimethylpyrrolidine, b. p. 89—92°, 
pepared by Ciamician and Magnaghi (Gazzetta, 1885, 15, 485) 
by methylation of pyrrolidine. It is a mobile liquid with a char- 
acteristic odour and boils at 132°/767 mm. The addition of 
alcoholic picric acid to the base produces a precipitate of the 
pirate in golden-yellow needles melting at 60°. When this amine 
js mixed with methyl iodide, the methiodide immediately separates 
in solid form and to the accompaniment of a crackling sound. 
The substance dissolves in water and is converted into the oily 
quaternary hydroxide by treatment with an excess of potassium 
hydroxide. This decomposes but slowly on heating and with 
production of butadiene and methyldiethylamine. 
§-Methyl-n-amyldiethylamine (Formula IV).—The preparation of 
this substance followed in all its details that of butenyldiethy]l- 
amine, magnesium allyl chloride being replaced by magnesium 
ioamyl bromide. No crystalline hydrochloride was obtained, 
however, and after the addition of potassium hydroxide to the 
concentrated solution of the hydrochloride the base was at once 
extracted by ether. Ten grams of diethylaminomethyl n-butyl 
ether gave 5 grams of the pure amine boiling at 172° (Found: 
C= 761; H = 14:8. C,oH,,N requires C = 764; H = 14°6 per 
cent.). Most of the salts of this base are very readily soluble and 
some of the sparingly soluble double salts, for example, the 
mercurichloride, obtained in oily drops, could not be crystallised. 
The chloroplatinate, however, crystallises from methyl alcohol, in 
which it is somewhat readily soluble, in pale orange, rectangular 
prisms melting at 101°. 

l-n-Amylpiperidine (Formula VIII).—A solution of magnesium 
n-butyl iodide, prepared from n-butyl iodide (16 grams) and 
magnesium (2°2 grams) in ether (120 c.c.), was gradually added to 
1-n-butoxymethylpiperidine (9 grams), dissolved in ether (20 c.c.). 
After half an hour, the mixture was gently heated and then cooled 
and a small amount of water added so as to decompose the mag- 
nesium compounds dissolved in the ether. The filtered solution 
was shaken with successive small portions of dilute hydrochloric 
acid and the combined extracts were concentrated on the steam-bath. 
The crystalline residue of the hydrochloride was mixed with con- 
centrated aqueous potassium hydroxide and ether, and solid 
potassium hydroxide added until the aqueous layer was saturated. 
The separated ethereal solution was then dried by the further 
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action of the reagent and distilled. The base boiled at 196°/769 mm. 
and at 80°/8 mm. (Found: C=776; H=13°6. C,H,,N 
requires C = 77°4; H = .13°5 per cent.). The picrate crystallises 
from ethyl alcohol in bright yellow, prismatic needles melting at 
107°. It is sparingly soluble in ether or water and readily soluble 
in methyl] alcohol, acetone, or benzene. 

1 : 4-Dipropylpiperazine (Formula X).—This substance was pre. 
pared in the usual manner from | : 4-di(n-butoxymethy])piperazine 
and an excess of magnesium ethyl bromide and the reaction was 
immediate and vigorous. The base, obtained in a yield of 70 per 
cent. of that theoretically possible, was distilled finally over sodium. 
It boils without decomposition at 206°/762 mm. and is an inodorous 
liquid which does not crystallise at 0° (Found : C = 70°5; H =12°9, 
C,,H,.N, requires C = 70°6; H = 12°9 percent.). On the addition 
of picric acid, dissolved in alcohol, to an alcoholic solution of the 
base the monopicrate is first precipitated in intense yellow crystals, 
but this gives place to the dipicrate, which is very much more 
sparingly soluble. 

This characteristic derivative is practically insoluble in boiling 
ethyl or butyl alcohol, but crystallises from hot acetic acid, in which 
it is also sparingly soluble, in bright yellow, hair-like needles which 
darken at 250° and melt at 258° with decomposition (Found: 
C=421; H=42. C,,H,,0,,N, requires C= 42:0; H=44 
per cent.). 

8-Phenyliriethylamine (Formula V).—Diethylaminomethy] n-butyl 
ether (24 grams), diluted with an equal volume of ether, was 
cautiously added to an ethereal solution of magnesium benzyl 
chloride (21 grams of benzyl chloride, 4:4 grams of magnesium). 
When the vigorous reaction was finished, the mixture was gently 
heated during a few minutes and the base isolated in the usual 
manner and finally purified by distillation in a vacuum. The 
colourless oil boils at 103°/8 mm. and not quite without decom- 
position at 223°/763 mm. (Found: C = 81°55; H=10°8. C,H N 
requires C = 81:4; H = 10°7 per cent.). The odour of this sub- 
stance is faintly basic and also recalls that of phenylethyl alcohol. 
It combines readily with methyl iodide to a viscid, yellow liquid 
which crystallises on standing, and this methiodide, which is very 
readily soluble in alcohol and moderately soluble in benzene, 
crystallises from ethyl acetate in elongated, rectangular plates 
showing a tendency to twin and melting at 109°. The substance 
was dissolved in water and the solution rendered strongly alkaline 
by means of potassium hydroxide. The quaternary ammonium 
hydroxide which separated decomposed readily on heating and the 
products were removed by distillation in steam. Styrene, b. p. 
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144°/772 mm., and methyldiethylamine chloroplatinate were 
isolated and readily identified. 

a-Homonaphthyldiethylamine (Formula VI).—This substance was 
prepared from a-bromonaphthalene (20 grams), magnesium (2°7 
grams), and diethylaminomethyl n-butyl ether (15°3 grams) in 
precisely the manner described above in the case of {-phenyltri- 
ethylamine. Nine grams of base boiling at 160°/9 mm. were 
obtained. The boiling point under the ordinary pressure is 293° 
(Found: C = 843; H=9-0. C,;H,N requires C = 845; H = 
$9 per cent.). The picrate is very much more readily soluble in hot 
than in cold alcohol and separates in beautiful clusters of golden- 
brown needles or from acetone in yellow, silky needles melting at 


136—137°. 


We desire to express our thanks to the Food Investigation Board 
for grants which have enabled one of us (G. M. R.) to take part 
in this investigation. 

CHEMICAL RESEARCH LABORATORY, 

UniItED COLLEGE oF ST. SALVATOR AND St. LEONARD, 


THE UNIVERSITY, ST. ANDREWS. 
[Received, January 6th, 1923.] 


LXVI.—Preparation and Reactions of Bromopicrin. 
By Louis Hunter. 


BROMOPICRIN was first prepared by Stenhouse (Annalen, 1854, 91, 
307) by distillation of an aqueous mixture of picric acid, lime, and 
bromine. This method was repeated by Bolas and Groves (this 
Journal, 1870, 23, 153), who claim that the conversion of picric acid 
into bromopicrin according to the scheme C,H,(NO,),°0H —> 
3CBr,*NO, is almost quantitative. According to Scholl and 
Brenneisen (Ber., 1898, 341, 654), however, the product contains a 
small admixture of dibromodinitromethane. 

Orton and McKie (T., 1921, 119, 29) were successful in modifying 
the Stenhouse-Hofmann process for the preparation of chloropicrin 
to suit laboratory and industrial conditions. The process described 
in the present paper is an attempt to apply the results of these 
authors to the case of bromopicrin. Archetti (Boll. Chim. farm., 
1903, 42, 673) states that exposure of aqueous picric acid and 
bromine to direct sunlight for several months produces a yellow 
oil. This experiment has been repeated and the oil found to be 
impure bromopicrin. By working in the presence of sodium 
carbonate the time of exposure can be reduced to a few days, and a 
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suitable choice of conditions ensures a good yield of practically pure 
bromopicrin. In the absence of light, the reaction proceeds in the 
same way, but requires a somewhat longer period for completion, 

The reaction follows a course similar to that proposed by Orton 
and McKie (loc. cit.) in the case of chloropicrin, hypobromous acid 
or its sodium salt being the active agent. 


I. C,H,(NO,),°OH + 11HBrO(from 11Br,) = 3CBr,*NO, + 
2HBr + 3CO, + 6H,0. 


II. C,H,(NO,),*OH + 12HBrO = 2CBr,‘NO, + 6HBr + 
HNO, + 4CO, + 44,0, 


Measurements of the amount of bromine required to decompose 
a known weight of picric acid, and estimations of bromide and 
bromate produced during the reaction, give results which are in 
close agreement with the above equations. Equation I indicates 
the reappearance as bromopicrin of the whole of the nitro-groups 
present in the picric acid; the yield in this case would amount to 
390 per cent. calculated on the original picric acid. Equation II 
requires a yield of 260 per cent., the remainder of the nitrogen 
appearing as nitric acid. Estimations of the nitrate-content of 
the liquors by the Schulze-Tiemann method serve as a means of 
‘measuring the extent to which the reaction follows equation II. 
Under the best conditions—a faintly alkaline medium—the yield of 
bromopicrin can be raised to 353 per cent., the proportion of nitrate 
in the liquors being correspondingly small. 

When prepared in an acid or in a strongly alkaline medium, 
bromopicrin is formed only in poor yield, much of the picric acid 
remaining unchanged even after long exposure (see Table I). 

The chief impurity contained in the crude oil is carbon tetra- 
bromide, arising either by the further bromination of bromopicrin, 
or directly by bromination of the non-nitrated carbon atoms in the 
picric acid molecule. In no case does the amount of carbon 
tetrabromide in the crude bromopicrin exceed 0°5 per cent. Since 
such small amounts do not materially alter the figures for total 
bromine, the carbon tetrabromide is detected only by such reactions 
as involve bromopicrin but leave the tetrabromide unaffected. The 
reaction with caustic alkali has been used to estimate carbon tetra- 
bromide in the crude oil. 

Reaction with Concentrated Alkalii—It was observed by Wolff 
and Riidel (Annalen, 1897, 294, 201) that bromopicrin reacts 
vigorously with 50 per cent. caustic potash to form potassium 
bromide and a yellow explosive salt. Although this salt was not 
examined by them, they suggested that it was the potassium salt 
of bromonitromethane, from analogy with the case of dibromo- 
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dinitromethane (Losanitsch, Ber., 1882, 15, 471), which is attacked 
by caustic potash as follows : 


CBr,(NO,), -+- 2KOH = CBrK(NO,), + KOBr + H,0. 


Investigation of the reaction, however, has shown this suggestion 
to be incorrect. The yellow salt is bromine-free, and is the 
s.-dipotassium tetranitroethane which was obtained by Scholl and 
Brenneisen (Ber., 1898, 31, 642) by the action of alcoholic potassium 
cyanide on bromopicrin. 

The yellow precipitate obtained by the action of concentrated 
potash on bromopicrin contains large quantities of potassium 
bromide and bromate, and the actual yield of the organic salt is 
small. Its formation is the result of a series of simultaneous 


ave reactions, the effect of which may be expressed thus : 
ates 
_ CK(NO,) 
roups # 2Br,-NO, + 6KOH + 2KNO, = 22 + 3KB 
—_e GK(NO,), 
aie 3KOBr + 3H,0. 


The nitrite is supplied by side-decompositions of the bromopicrin ; 
for example, CBrs*NO, + 6KOH = 3KBr + KNO, + K,CO, + 
3H,O. Potassium hypobromite is present in considerable quantity 
in the filtrate. 

Attempts to obtain the corresponding sodium salt in a pure 
state by a similar method were unsuccessful owing to its much 
greater solubility. That the reaction with concentrated sodium 
hydroxide is exactly parallel, however, is shown by the formation 
of a yellow, explosive precipitate containing bromide and having 
properties similar to those of the potassium salt. 

Reaction with Potassium and Sodium Iodides.—In the same paper, 
Wolff and Riidel state that bromopicrin liberates iodine from 
aqueous or alcoholic solutions of potassium iodide with formation of 
a yellow, crystalline, explosive salt. Repetition of this work reveals 
the fact that the explosive salt in this case also is s.-dipotassium 
tetranitroethane. The reaction may be compared with that 
between bromopicrin and aqueous alcoholic potassium cyanide 
(Scholl and Brenneisen, loc. cit.), yielding the same potassium salt 
together with potassium bromide and cyanogen bromide. A series 
of equations similar to those put forward by these authors may be 
suggested and summarised thus : 


cts 
aa CBr,NO, + KI = KNO, + CBr,I. 
not 2CBr,-NO, + 6KI + 2KNO, = (S(NOee + eKBr + 31,. 


CK(NO,), 


After standing for some hours, the alcoholic filtrate from the 
u* 
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potassium salts deposits crystals of potassium nitrate, without 
doubt produced by oxidation of the potassium nitrite. 

With alcoholic sodium iodide, bromopicrin liberates iodine and 
produces a yellow solid containing the corresponding sodium salt. 
The extreme solubility of the latter makes its isolation in the pure 
state impossible. , 

Reaction with Sodiwm and Potassium Ethoxides.—It has been 
shown by Rose (Annalen, 1880, 205, 249) that chloropicrin reacts 
with alcoholic sodium ethoxide with formation of ethyl ortho. 
carbonate. The yield, however, is not good, and under the best 
conditions amounts only to 30 per cent. of the theoretical. It was 
thought, therefore, that the use of bromopicrin in a similar reaction 
might lead to a more satisfactory yield of orthocarbonate. This 
proves not to be the case, however, only traces of orthocarbonate 
being formed and a yellow mixture containing bromide, bromate, 
and an organic salt precipitated. As in the previous experiments, 
the sodium salt proves too soluble for isolation; but by use of 
potassium ethoxide an organic potassium salt can be obtained, 
which by its properties and analysis is shown to be s.-dipotassium 
tetranitroethane. An intermediate mixture of organic salts, the 
analysis of which suggests the presence of potassium dibromonitro- 
methane, has been isolated; and consequently the course of the 
reaction is represented thus : 


CBr,‘NO, + 2KO-C,H, = CKBr,‘NO, + KOBr + (C,H;),0. 


2CKBr,‘NO, -+ 2KO-C,H, + 2KNO, = hace 4+ 3KBr + 
2/2 


KOBr + (C,H;),0. 


As before, the nitrite is generated by side-decompositions of the 
bromopicrin. The ether is obtained as a first fraction in the 
recovery of alcohol from the filtrate. 

In the hope of attributing the low yield of ethyl orthocarhonate— 
at least partly—to the formation of similar organic salts in the 
reaction between sodium ethoxide and chloropicrin, the salt 
mixture obtained from this reaction was examined. Very small 
amounts of organic salts were obtained, hence this contributes in 
only a small degree to the poorness of yield of orthocarbonate. 

In the various reactions of bromopicrin described above, the 
equations are not to be regarded as an exact representation of the 
changes going on, since side-reactions are known to occur. The 
low yield of the organic potassium salt together with the high 
proportion of bromide found in the crude mixtures points to other 
and more complete decompositions of the bromopicrin molecule. 
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ExPERIMENTAL. 


Bromopicrin.—Picric acid (10 grams) and sodium carbonate 
(60 grams) were dissolved in a litre of water, and bromine (26 c.c.) 
was added. The mixture was exposed to sunlight for a period of 
five to seven days, when the colour had faded to a light yellow and 
the layer of bromine had been replaced by a yellowish-brown oil. 
Longer exposures are not to be recommended, since diminution of 
yield occurs. The oil was removed in a current of steam, washed 
several times with aqueous caustic soda followed by water, and 
finally dried over anhydrous sodium sulphate. The product was 
practically pure bromopicrin. Yield 35 grams (Found: Br = 80°73. 
Calc., Br = 80°54 per cent.). It gave the following constants : 
m. p. 9°7—10°3°, d* 2°799, [Rz]f 35°51 (CBr,-NO, requires 36°08). 

Table I indicates the yield of bromopicrin and the time required 
for the completion of the reaction under various conditions, the end 
of the reaction being judged roughly by the fading of the bromine 
colour. The table refers to 10 grams of picric acid, 26 c.c. of 
bromine, and 1000 c.c. of water. The equivalent proportions of 
sodium carbonate are calculated on the weight of picric acid used. 


TABLE [. 
Yield of 
bromopicrin Time of 
per cent. reaction. 
BO GOGMEHN GRPDOTALS:  cnccccccssccccssccsesescvecess 285 6 weeks 
5 equivs. Na,CO, (11-6 grams) ............0e00- 330 se 
DE gp MME NEO Ee gg. DP sv vctwosnccccoesios 342 10—14 days 
eg, CIOS «gg PD basccasevccsseceve 342 10 pr 
i ON > eS omer oe ners 350 7 a 
| a DO. - 45. D.ccsecendnasiacetere 353 5 * 
30 ” Na,CO, (69-6 ” ) Seerereeseseseeeee 353 5 9 
DP GUD TNIEE sin csevededscetdcusseeceeseseeedevess 190 2 weeks 
Se. ep  Y,  Reeictreresisiccecsnssnemesineons 146 Unfinished 
after 8 weeks 
' , C(NO,):NO-OK . 
s.-Dipotassium Tetranitroethane, | : .—(a) By the action 
‘  d(no,):NO-OK” “”) 7Y 


of caustic potash. Bromopicrin was slowly added in small amounts 
to a cooled solution of potassium hydroxide (KOH: H,O = 1:1). 
A pale yellow solid immediately separated and the oil became semi- 
solid. After a short time, a violent reaction commenced with 
considerable heating and further separation of the yellow salt. 
The precipitate contained potassium bromide and bromate together 
with the organic salt. Owing to the comparative insolubility of 
potassium bromate, numerous crystallisations from water were 
necessary to obtain the pure organic salt, thus entailing great loss. 
By addition of carbamide to the reaction mixture no bromate is 


formed, and there is no need for repeated crystallisation. 
u* 2 
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To 5 grams of carbamide, dissolved in 50 c.c. of 50 per cent. 
caustic potash, 25 grams of bromopicrin were slowly added with 
cooling. The precipitate was washed with alcohol, and thereafter 
two crystallisations from hot water yielded a pure product. Yield 
of crude mixture (uncrystallised), 18 grams. Yield of pure di. 
potassium tetranitroethane, 0°5 gram. 

s.-Dipotassium tetranitroethane prepared in this way is a bright 
yellow, crystalline powder, most easily crystallised from aqueous 
alcohol. It explodes on heating at 269—273°, or by contact with 
strong acids (Found: K = 27°33; N = 19°33. Calc., K = 273; 
N = 19°58 per cent.). 

(6) By the action of potassium iodide. Twenty-five grams of 
potassium iodide were dissolved in 500 c.c. of 90 per cent. alcohol. 
On addition of bromopicrin, a yellow, crystalline precipitate was 
immediately formed and iodine liberated. Considerable rise of 
temperature was observed. Addition of bromopicrin was continued 
in small amounts until a test portion of the liquor no longer gave a 
precipitate with bromopicrin. The amount of bromopicrin required 
was 33 grams. The precipitate, consisting of potassium bromide 
and the organic potassium salt, was collected, washed with alcohol, 
and dried. Yield 12 grams. Two crystallisations from water 
yielded pure dipotassium tetranitroethane (2°3 grams), explosion 
point 272° (Found: K = 27:13; N = 19°03 per cent.). 

(c) By the action of potassium ethoxide. To 12 grams of potassium, 
dissolved in 150 c.c. of absolute alcohol, 25 grams of bromopicrin, 
dissolved in 30 c.c. of alcohol, were slowly added with frequent 
cooling, a cream-coloured precipitate immediately forming. When 
the addition of bromopicrin was complete, the mixture was warmed 
cautiously on the water-bath until a vigorous ebullition set in. 
At this stage the precipitate changed colour to orange and a con- 
siderable quantity of nitrogen was evolved. When the reaction 
had moderated, the mixture was boiled on the water-bath for half 
an hour, cooled, and filtered. Yield 33 grams. Two crystallisations 
from hot water gave 0°8 gram of the pure salt, explosion point 
269—273° (Found: K = 27°39 per cent.). 

A reaction similar to that with potassium ethoxide is obtained 
by use of alcoholic potash, but the yield of pure salt is not good. 
Carbamide or phenylhydrazine may be used to facilitate reaction, 
although the yield of the salt is not appreciably increased. 

s.-Dipotassium tetranitroethane, prepared by any of the above 
methods, exhibits general properties which agree with those of the 
salt described by Scholl and Brenneisen (loc. cit.). It was further 
identified with this compound by its decomposition with acids, 
yielding dinitromethane; the preparation of the corresponding 
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silver salt (Found: Ag = 51'2. Cale., Ag = 50°9 per cent.); 
and its bromination in aqueous solution, yielding tribromotrinitro- 
ethane (Found: Br = 58°9. Calc., Br = 59°7 per cent.). 

Table IL compares the yield of dipotassium tetranitroethane 
when prepared by the various methods. Potassium cyanide is 
the reagent used by Scholl and Brenneisen, the yield of the organic 
salt having been worked out from the method of preparation given 
by these authors. The table shows that the most convenient and 
economical method for the preparation of s.-dipotassium tetranitro- 
ethane is by use of potassium iodide. 


TABLE II. 


Reagent. Bromopicrin. Crude product. Pure salt. 
KOH (50 grams) 25 grams 18 grams 0-5 gram 
KI (18-8 grams) 25 82 ,, 1-5 grams 
KOEt (K 12 grams) é 33 PS 0-8 gram 
KCN (23-5 grams) 5 95 ,, 1-7 grams 


Estimation of Carbon Tetrabromide in the Crude Bromopicrin.— 
A known weight of the crude oil is decomposed with 50 per cent. 
caustic potash or soda. The precipitated solid is filtered through a 
porous crucible and washed with alcohol. On diluting the washings 
with water, the whole of the carbon tetrabromide contained in the 
original oil is precipitated. It is collected, dried, and weighed. 
After one crystallisation from alcohol, a specimen melted at 92—-93° 
(Found: Br = 963. Calc., Br = 96:4 per cent.). Using this 
method of estimation, it is found that the crude oil contains least 
carbon tetrabromide when prepared in an alkaline medium; and 
that protracted exposure to light, especially with excess of bromine, 
tends to increase the proportion of carbon tetrabromide. 


The author wishes to express his thanks to Professor K. J. P. 
Orton, F.R.S., for his help and criticism. 
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LXVII.—The Constituents of Indian Turpentine from 
Pinus longifolia, Roxb. Pari II. 


By Joun Lionet Srmonsen and Mapyar Gopau Rav. 


In Part I of this series (T., 1920, 117, 570) the isolation of a new 
dicyclic terpene was described and it was suggested that the con- 
stitution of this interesting hydrocarbon, to which the name 
d-carene was given, was represented by either formula I or II. 
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> a 7 ra ms 
c CO,H 
& tn, (fH a H 
CH, CH CH, CH ro 
tas es CH—-CMe, 
CH-CMe, CH-CMe, 
(I.) d-A*-Carene. (II.) d-A*-Carene. (ITT.) 


It was not at the time found possible to decide definitely which 
of these two formule correctly represented the constitution of the 
terpene, although formula I (d-A’-carene) was considered the more 
probable. The evidence adduced in favour of this formula may be 
summarised as follows: (i) on treatment with hydrogen chloride, 
a mixture of dipentene and sylvestrene dihydrochlorides resulted; 
(ii) on oxidation with potassium permanganate in alkaline solution 
at 0°, a glycol, C,,>H,,0,, and dimethylmalonic acid were obtained; 
(iii) oxidation in hot alkaline solution with potassium permanganate 
yielded trans-caronic acid; and (iv) the molecular refraction was 
normal, indicating the absence of any conjugated system. 

A recent investigation of the terpene isolated from the essential 
oil from Andropogon Jwarancusa, Jones (T., 1922, 121, 2292) has 
shown that this terpene is in all probability d-A*-carene (II). This 
conclusion was based on a study of its reaction with hydrogen 
chloride, when dipentene and sylvestrene dihydrochlorides were 
formed, and by the fact that on oxidation in acetone solution with 
potassium permanganate there resulted a keto-acid, C,9H,,0;, 
which there can be little doubt was 1 : 1-dimethyl-2-y-ketobutyl- 
cyclopropane-3-carboxylic acid (III). It may further be men- 
tioned that this hydrocarbon, unlike the hydrocarbon from P. 
longifolia, had a very high molecular refraction. 

Since the oxidation of d-A‘-carene proceeded very smoothly 
in acetone solution, we decided to investigate the behaviour of 
d-A®-carene under similar experimental conditions in the hope of 
isolating an isomeric keto-acid of the formula C,)»H,,03. Contrary 
to our expectation, no trace of a keto-acid appeared to be formed, 
a very complex mixture of acids resulting. A prolonged examina- 
tion of these has, in our opinion, definitely proved that the hydro- 
carbon under investigation cannot possibly be represented by formula 
II and is therefore d-A*-carene (I). 

The separation of the oxidation products was a matter of consider- 
able difficulty and is described in detail in the experimental portion 
of this paper (p. 554). It was found possible to separate (i) dimethy]- 
malonic acid, (ii) as.-dimethylsuccinic acid, (iii) cis- and trans- 
caronic acids, (iv) a dibasic acid, C,H,,.0,, m. p. 1836—137°, and 
(v) two levorotatory hydroxy-dibasic acids, C,»H,,0;, m. p. 133° 
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and 192°. In addition to these crystalline acids, which could not 
unfortunately be separated in large quantity, considerable amounts 
of liquid and resinous acids were formed which it has not up to the 
present proved possible to purify. 

The two hydroxy-acids, which were quite stable to potassium 
permanganate in alkaline solution, were found to be «-hydroxy- 
acids, since on oxidation with an acid solution of potassium per- 
manganate they were converted quantitatively with loss of carbon 


= dioxide into two isomeric keto-acids of the formula C,H,,0,. 
ote Unfortunately neither of the keto-acids could be induced to crystal- 


he lise, but they were readily distinguished by the preparation of the 


de semicarbazones. The «-acid (m. p. 133°) gave a keto-acid which 
a" ; yielded a semicarbazone melting at 179—1 80°, whilst the semicarbazone 
lee of the keto-acid derived from the @-acid (m. p. 192°) decomposed 
od: at 209°. The former semicarbazone was optically inactive, whereas 


the latter showed a strong levorotation, a point which will be referred 
to subsequently. 

It was at once obvious that the two hydroxy-dibasic acids must 
ial be represented by formula VII and at first it appeared to us possible 
that d-carene was the A?-derivative (V), oxidation having proceeded 


bis in accordance with scheme B. 
oe A. CMe-OH CMe:OH CMe:0H CMe:OH 
th OH cf UH mA \n OH Un OOH OH 
it . 2 2. , 2 2 2 
», > én, da bn, GC Gt cO7,8 Co 
yl- We, Wee ‘oe* be tty, 4 
ne CH-CMe, CH-CMe, CH-CMe, CH--CMe, 
P. (VILI.) 
B. . y 
ly CHMe CHMe CHMe CO,H 
ft | tn oH-CH OH OO CH ‘tH 
of i ¢ 2 —s é 2 2 é 2 és 2 
CH CH OH:CH CH CO,H CH CO,H CH 
"y ye" ow 4. %,* Baty, 
d, CH-CMe, CH-CMe, CH--CMe, CH-CMe, 
a- (V.) (VI.) (VIII.) 
* 
la Careful consideration has, however, led to the conclusion that it 
is extremely unlikely that d-carene can be represented by formula V. 
Tr The following appear to us to be cogent arguments against the 
yn acceptance of this formula: (i) oxidation of the glycol (loc. cit., 
J. p. 571) with chromic acid does not appear to yield a diketone, since 
ra the oxidation product does not react with o-phenylenediamine. 
d Thus no evidence for the presence of two secondary alcohol groups 


in the glycol was obtained. (ii) A dibasic acid of formula VI could 
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not be detected amongst the products of the oxidation. (iii) The 
formation of dipentene and sylvestrene dihydrochlorides by the 
action of hydrogen chloride would require a molecular rearrange. 
ment. (iv) A hydrocarbon of formula V would be expected to show 
a high molecular refraction, since the double linking is conjugated 
with the cyclopropane ring. 

In the authors’ opinion, there can be little doubt that the oxidation 
has proceeded in accordance with scheme A. Although the mechan. 
ism is somewhat unusual, it is not without analogy, since Wallach 
(Annalen, 1907, 356, 206; 1908, 362, 263) has shown that 1 : 2: 4. 
trihydroxyterpane (IX) on oxidation with potassium permanganate 
yielded «a«’-dihydroxy-«-methyl-a«’-isopropyladipic acid (X), the 
oxidation having proceeded as formulated below. 


CMe-OH CMe-OH CMe-OH CMe-OH 
F les a a* F ly 
CH, CHOH | CH, 0O _. CH, C-OH . CH, CO,H 
H, CH, > OH, CH, CH, CH CH, CO,H 
FA he Fd KZ 
CPr?-OH CPré-OH CPr-OH CPr®-OH 
(IX.) (X.) 


Owing to the very limited quantity of the hydroxy- and dibasic 
acids which could be separated in a pure state, it was unfortunately 
not found possible to examine their properties in any detail. The 
a-hydroxy-acid (m. p. 133°), which was found to be slightly levo- 
rotatory, gave, when heated with acetyl chloride, a lactone melting 
at 174—175°, whilst at the same time partial isomerism to the 
8-acid, melting at 192°, took place. From the fact that it yielded 
a lactone, from which the original acid was regenerated on treatment 
with alkali, it may be assumed that the hydroxy-group and carb- 
oxyl group were in the cis-position, but no further evidence as 
to its configuration was obtained. 

The 8-acid was not attacked by acetyl chloride, being recovered 
unchanged after prolonged treatment with this reagent. Attention 
has already been directed to the observation that the semicarbazone 
obtained from the keto-acid derived from the «-hydroxy-acid 
(m. p. 133°) was optically inactive, whereas that derived from the 
isomeric £-acid (m. p. 192°) was optically active. From this the 
conclusion may be drawn that the inactive semicarbazone (m. p. 
179—180°) is the semicarbazone of the cis-keto-acid, since, as has 
been clearly shown by Aschan (“Chemie der alicyclischen Ver- 
bindungen,”’ p. 439) in the case of the cis- and trans-forms of caronic 
acid, the cis-acid is incapable of resolution. The active semicarb- 
azone, m. p. 209°, must therefore be derived from the trans-keto-acid. 
This theoretical conclusion was partly confirmed experimentally. 
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When the cis-keto-acid was oxidised with alkaline hypobromite 
solution, a dibasic acid, m. p. 1836—137°, was formed which was 
identical with the dibasic acid C,H,,0, referred to above as 
having been isolated directly from the mixture of oxidation acids. 
This acid, for which the name homocaronic acid (VIII) is proposed, 
yas found to be a cis-acid, since it readily yielded an anhydride 
when treated with acetyl chloride. Unfortunately, the trans- 
keto-acid was not obtained in sufficient quantity for the preparation 
of the corresponding trans-homocaronic acid. 

It was not found possible to obtain direct evidence for the con- 
stitution of cis-homocaronic acid and of the presence of the cyclo- 
propane ring. When treated with hydrogen bromide at 100°, a viscid 
oilresulted which was free from terpenylic acid, since it gave a readily 
soluble barium salt. Although the acid was not acted upon by 
bromine in either chloroform or acetic acid solution, its alkaline 
solution was somewhat readily attacked by potassium permanganate 
in the cold. It is not impossible that this property is due to the 
fact that the cyclic acid tends to isomerise to one of the corre- 
sponding unsaturated acids XI, XII, or XIII, a type of reaction 
which is now being studied by Thorpe and his collaborators in a 
notable series of researches (T., 1922, 121, 651 and subsequent 
papers). 

(VIII.) —> CMe,.C(CO,H)-CH,°CH,°CO,H (XI) 
(HMe,°C(CO,H):CH-CH,°CO,H CO,H-CH:C(CHMe,)-CH,°CO,H 
(XIT.) (XIII.) 

Itis hoped to attempt the preparation of these acids synthetically, 
and in the meantime the formula for cis-homocaronic acid cannot 
be considered as definitely established, although the simultaneous 
formation of cis-caronic acid would appear to support the correctness 

of the formula. 

The remaining products isolated from the mixture of oxidation 
acids, as.-dimethylsuccinic acid and dimethylmalonic acid, require 
no comment, since they represent the final products formed by the 
degradation of the cyclopropane ring structure. 


EXPERIMENTAL. 


To the terpene (40 c.c.), dissolved in pure acetone (400 c.c.) 
and kept at 0°, finely powdered and sieved potassium permanganate 
(96 grams) was gradually added, with vigorous stirring. Oxidation 
proceeded slowly, and approximately forty-eight hours were required 
for the addition of the permanganate. When oxidation was com- 
plete the manganese dioxide was separated and well washed with 
acetone. It was then repeatedly extracted with boiling water until 
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the filtrate was perfectly colourless, at least ten extractions being 
required. The deep brown extract was concentrated on the water. 
bath to a small bulk in a current of carbon dioxide. After extraction 
with ether to remove a small quantity of neutral oxidation products, 
the solution was made acid with dilute sulphuric acid, when a brown 
oil separated. The oxidation acids were extracted with ether, 
five extractions being made in the usual manner, and the remainder 
of the very soluble acids obtained by extraction in a constant. 
extraction apparatus. The combined ether extracts were dried 
and the ether evaporated, when a deep brown, viscid oil was obtained 
which smelt strongly of acetic acid (yield 110 grams from 200 c.c, 
of terpene). 

In order to separate the acids they were converted into the esters, 
and as the yield by the usual method of esterification was poor 
the following method was adopted with satisfactory results. The 
crude acid, mixed with alcohol (200 c.c.) and sulphuric acid (20 c.c.), 
was heated on the water-bath in an apparatus provided with a 
fractionating still-head while aleohol vapour (from 2 litres of alcohol) 
was passed through the mixture (compare Ingold and Nickolls, 
T., 1922, 121, 1643). The ethereal extract of the esters was washed 
with.sodium carbonate solution, dried with potassium carbonate, 
the ether evaporated, and the residual oil distilled under diminished 
pressure (yield 92 grams *). 

The esters consisted of a very complex mixture and it was not 
found possible to separate any fraction of constant boiling point. 
Ultimately the following fractions were obtained at 67 mm.: 
(a) below 150°, (6) 150—180°, (c) 180—190°, (d) 190—200°, (e) 200— 
220°. 

Fraction (a) (B. p. below 150°/67 mm.).—This fraction, which 
weighed only 2 grams, was a colourless, mobile oil with a pleasant 
smell. The acid, obtained by hydrolysis with alcoholic potassium 
hydroxide and extraction with ether in the usual manner, separated 
immediately as a crystalline solid. After draining on porous porce- 
lain, which removed a trace of adherent oil (probably isobutyric 
acid), it was found to decompose at 186°. It crystallised from 
benzene in prisms which decomposed at 190° with slight previous 
softening and was identified as dimethylmalonic acid by the method 
of mixed melting point. 

Fraction (b) (B. p. 150—180°/67 mm.).—This fraction (29 grams) 
gave on analysis C = 64:9; H = 8-9 per cent. After hydrolysis 
with alcoholic potassium hydroxide and extraction with ether, 


* The yield of ester was nearly quantitative, since the sodium carbonate 
washings only contained 1 gram of acid. The alcohol distillate contained 
a quantity of ethyl acetate and also of a second ester, possibly ethyl isobutyrate. 
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a viscid, yellow oil was obtained which, on keeping, slowly partly 
erystallised. The mixture of acids was found to be best separated 
inthe following manner. The acids were converted into the ammon- 
jum salt, and the aqueous solution evaporated to dryness on the 
water-bath and finally kept for some days in a vacuum desiccator 
over sulphuric acid until completely anhydrous. On trituration 
of the ammonium salt with ‘absolute alcohol, a crystalline solid 
separated ; this was collected (A) and the filtrate once more evapor- 
ated on the water-bath to remove the alcohol. The residual oil 
was dissolved in water, made faintly alkaline with ammonia, 
and boiled with excess of calcium chloride solution, when a 
sparingly soluble salt (B) was precipitated. The filtrate obtained 
after removal of the calcium salt was acidified and the organic 
acids were recovered by extraction with ether (C). 

The sparingly soluble ammonium salt (A) (1-3 grams) was decom- 
posed with dilute sulphuric acid, and the crystalline acid which 
was deposited taken up with ether, and the ether evaporated, when 
a solid remained which melted at 211—212°. It crystallised from 
water in prisms melting at 213° and was identified as trans-caronic 
acid by analysis (Found: C = 53:3; H = 6-5. Calc., C = 53:2; 
H = 6:3 per cent.) and by the method of mixed melting point. 

The sparingly soluble calcium salt (B) yielded an acid which 
crystallised from toluene in needles melting at 138—140° and was 
identified as as.-dimethylsuccinic acid by the method of mixed 
melting point. 

The crude mixture of acids (C), on keeping for some days in a 
vacuum desiccator, partly crystallised. After trituration with 
benzene, the crystals were collected and boiled with chloroform, 
when a colourless, crystalline solid remained which decomposed 
at 174—-175°. This melting point was unaltered by recrystallisation 
from water and the acid was identified as cis-caronic acid by analysis 
(Found: C=534; H=6-4. Cale., C=53:2; H=6-3 per 
cent.) and by conversion into terebic acid by heating with hydro- 
bromic acid at 100°. 

The liquid acids which remained after the separation of the cis- 
caronic acid deposited no further solid on keeping and were mixed 
with an excess of acetic anhydride and heated at 220° for six hours 
ina sealed tube. After removing the acetic anhydride by distilla- 
tion at the ordinary pressure, the residue was distilled at 17 mm., 
when three fractions were obtained : (i) 100—150°, (ii) 150—180°, 
(ii) 180—200°. A considerable tarry residue remained in the 
distillation flask which decomposed on further heating. The three 
fractions, which were insoluble in cold sodium carbonate solution, 
were reconverted into the corresponding acids. Fraction (i) was 
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found to consist solely of caronic anhydride; fraction (ii) consisted 
mainly of caronic anhydride mixed with a small amount of a second 
acid. The cis-caronic acid was readily separated in a pure state 
by conversion into the ammonium salt and precipitation of the 
latter from alcoholic solution with ether. From the ether—alcoho| 
solution a second acid was recovered, but not in sufficient quantity 
for examination. : 

Fraction (iii) was found to be only very slowly hydrolysed by 
hot water. It was therefore treated with a hot aqueous solution 
of sodium hydroxide and the acid recovered in the usual manner 
by extraction with ether. The viscid oil thus obtained crystallised 
partly on keeping. After trituration with benzene, the solid was 
collected and recrystallised from hot water, from which it separated 
in rosettes of needles melting at 137°. It was identified as cis. 
homocaronic acid (see below) by the method of mixed melting 
point. 

The benzene solution from which cis-homocaronic acid had been 
separated yielded on evaporation a considerable quantity of liquid 
acids which could not be purified. 

Fraction (c) (B. p. 180—190°/67 mm.).—This fraction (17 grams), 
which consisted of a somewhat viscid, faintly yellow oil, was hydro- 
lysed with alcoholic potassium hydroxide solution and the acid 
isolated by extraction with ether. On long keeping in the ice chest, 
the viscid, brown oil thus obtained slowly deposited a small quantity 
of a crystalline solid. This was washed with benzene and purified 
by repeated crystallisation from hot water and finally from toluene. 

cis-Homocaronic acid (VIII) crystallised from hot water in very 
characteristic rosettes of prismatic needles which melted at 136— 
137°, and this melting point was not altered by further crystallisa- 
tion. It was only sparingly soluble in chloroform, benzene, or 
cold water, readily in hot water or hot toluene (Found : C = 559; 
H =6°7. C,H,,0, requires C = 55°83; H=70 per cent.). The 
acid did not yield satisfactory results on titration, but the 
silver salt, which separated from a faintly alkaline solution as a 
caseous white precipitate, gave a correct value (Found: Ag = 55'8. 
C,H,,0,Ag, requires Ag = 55°9 per cent.). The reason for the 
unsatisfactory results obtained on titration could not be determined. 

cis-Homocaronic acid was not attacked by bromine in either 
chloroform or acetic acid solution even on warming; when it was 
dissolved in a dilute solution of sodium carbonate and treated with 
a drop of potassium permanganate solution, the colour was some- 
what rapidly discharged at 0°. When the acid was heated with 
acetyl chloride on the water-bath for a short time, and the excess 
of acid chloride removed in a vacuum over potassium hydroxide, 
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a viscid oil was obtained which was insoluble in hot water or cold 
alkalis. It evidently consisted of the anhydride and when boiled 
with water for some time gradually dissolved, the original acid (m. p. 
136—137°) crystallising from the aqueous solution on cooling. 

The viscid oil from which the cis-homocaronic acid had been 
separated could not be induced to crystallise. After treatment 
with acetyl chloride, a small quantity of 8-l-«-hydroxy-3-carboxy- 
a:1: 1-trimethylcyclopropane-2-propionic acid (see below) was 
isolated, but the bulk of the product could not be obtained 
crystalline. 

Fraction (d) (B. p. 190—200°/67 mm.).—This fraction on redis- 
tillation was found to boil mainly at 184—185°/45 mm. (Found: 
(= 62:3; H=87. C,,H,,0; requires C= 61'7; H = 88 per 
cent.). After hydrolysis with alcoholic potassium hydroxide 
solution, an acid was obtained as a viscid brown oil, from which 
fine needles slowly deposited. The separation of the mixture of 
isomerides offered much difficulty owing to the presence of resinous 
impurities. The partly crystalline oil was triturated with cold 
water and the sparingly soluble portion (A) separated by filtration 
through a hardened filter-paper. The filtrate was evaporated on the 
water-bath and finally completely dehydrated in a vacuum desic- 
eator over sulphuric acid, when the residual oil partly solidified. 
After grinding with a small quantity of benzene, the crystals were 
collected and purified by repeated crystallisation from benzene. 
The original filtrate (B) was reserved for later investigation. 

a-l-«-Hydroxy-3-carboxy-« : 1: 1-trimethyleyclopropane-2- propionic 
acid (VII) crystallised from benzene in well-formed, glistening 
prisms which melted at 132—133°. It was extremely readily 
soluble in water and in all the ordinary organic solvents with the 
exception of benzene and light petroleum. In alkaline solution 
it was stable to potassium permanganate solution (Found :C = 55°5; 
H=74; M=215. C,H,,0; requires C=556; H=74 
per cent.; M = 216). Inchloroform solution, the acid was slightly 
levorotatory, [«], — 8°7°. 

The silver salt separated from a faintly alkaline solution as a 
remarkably gelatinous precipitate which could be filtered and washed 
only with difficulty. It darkened somewhat rapidly on exposure to 
light (Found: Ag = 49°8. C,9H,,0;Ag, requires Ag = 50°2 per 
cent.). 

The sparingly soluble acid fraction (A) (see above) was dissolved 
in hot water and the solid which separated purified by crystallisation 
from dilute methyl alcohol. 8-l-«-Hydroxy-3-carbory-« : 1 : 1-tri- 
methylcyclopropane-2-propionic acid (VII) crystallised in glistening 
prisms which melted at 192° and decomposed slightly above this 
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temperature. It was very much more sparingly soluble in all the 
ordinary solvents than the «-acid (Found: C = 55:8; H = 7+. 
M = 215. CyH,,0; requires C= 556; H=7-4 per cent,: 
M = 216). Inchloroform solution, [a], — 24°36° was observed. In 
alkaline solution, the acid was found to be stable to a solution of 
potassium permanganate. 

The benzene filtrate (B) (see above) from which the «-acid had 
been separated was, after removal of the solvent, heated on the 
water-bath for some time with an excess of acetyl chloride. After 
evaporating the acetyl chloride in a vacuum over potassium hydr. 
oxide, a brown resinous oil remained from which a small further 
quantity of the $-acid was obtained, but the bulk of the oil could 
not be crystallised. 


Action of Acetyl Chloride on a-l-«-Hydroxy-3-carboxy-« : 1: 1- 

trimethyleyclopropane-2-propionic Acid. 

In one experiment, the «-hydroxy-acid (1 gram) was mixed with 
acetyl chloride (5 c.c.) and heated on the water-bath for one hour. 
After removing the acetyl chloride and acetic acid, a crystalline solid 
remained which melted indefinitely at 145°. On fractional crystal- 
lisation from benzene, an acid was obtained in glistening leaflets which 
melted at 174—175° (Found : C = 60°99; H=6°9. C,,H,,0, requires 
C = 60°6; H = 7:1 percent.). The lactone of the «-hydroxy-acid was 
extremely readily soluble in cold water and on titration with cold 
barium hydroxide solution was found to behave as a monobasic acid 
(Found: M = 198. Calc., M =198). It was unfortunately not 
obtained in sufficient quantity for a molecular-weight determination, 
but was in all probability the 8-lactone of the hydroxy-acid. When 
boiled with alkali, it was reconverted into the hydroxy-acid, but 
it could be crystallised unchanged from water. 

From the benzene from which the lactone had been crystallised 
an acid was obtained in small quantity which melted at 192° and 
was identified as the B-acid, which had been formed by isomerisation 
of the «-acid. 


Oxidation of «- and B-l-x-Hydroxy-3-carboxy-« : 1 : 1-trimethyl- 
cyclopropane-2-propionic Acids. 

cis-1 : 1-Dimethyl-2-8-ketopropyleyclopropane-2-carboxylic Acid.— 
As the result of a number of comparative experiments the following 
method was found to yield the most satisfactory results. The 
a-hydroxy-acid (1 gram), dissolved in water (5 c.c.), was gradually 
treated with a mixture of potassium permanganate (0°28 gram), 
sulphuric acid (0°28 gram), and water (6 c.c.), the temperature 
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being kept at about 40° during the addition. Oxidation took 
place readily with evolution of carbon dioxide, and after warming 
at 70° for a short time the clear reaction mixture was saturated with 
ammonium sulphate, when a colourless oil separated. This was 
taken up with ether and the ether dried and evaporated. The viscid 
oil, which showed no signs of crystallising even when kept for some 
weeks, evidently consisted of the cis-keto-acid, since on treatment . 
with semicarbazide acetate it was converted quantitatively into the 
smicarbazone. ‘The semicarbazone, which was somewhat sparingly 
soluble in cold water, more readily in hot, crystallised from dilute 
methyl alcohol in small plates which sintered at 177° and decomposed 
at 1799—180° (Found: C = 53:1; H=7°8. C, H,,0,N, requires 
(= 52:9; H = 7°5 percent.). In acetic acid solution it was found 
to be optically inactive. 

When the keto-acid was oxidised with sodium hypobromite 
solution under the same conditions as were used for the oxidation 
of d-1 : 1-dimethyl-2-y-ketobutylcyclopropane-3-carboxylic acid (loc. 
cit., p. 2297), a quantitative yield of cis-homocaronic acid, melting 
at 136—137°, was obtained. This acid was found to be identical 
in every way with the specimen of cis-homocaronic acid isolated 
directly from the oxidation of d-A®-carene. 

]- trans - 1 : 1 - Dimethyl-2-8-ketopropyleyclopropane - 2 - carboxylic 
Acid.—This acid was obtained as a very viscid, colourless oil when 
the 8-acid was oxidised with an acid solution of potassium per- 
manganate under the same conditions as were used for the oxidation 
of the «-acid, except that owing to the sparing solubility of the acid 
it was found convenient to keep the temperature at 70° during the 
whole reaction. 

On treatment with semicarbazide acetate the semicarbazone 
sseparated as a very sparingly soluble, crystalline powder, which 
was purified by recrystallisation from a mixture of alcohol and acetic 
acid. It crystallised in beautiful, hexagonal prisms which, when 
rapidly heated, decomposed at 209° (Found: C = 53:1; H=7°8. 
CH, ,0,N, requires C = 52°9; H = 7°5 per cent.). In acetic acid 
solution, it was found to be strongly levorotatory, [«]) — 70°98° being 
observed. 

Unfortunately the trans-keto-acid was obtained in insufficient 
quantity for conversion into the corresponding dibasic acid. 

Fraction (e) (B. p. 200—220°/67 mm.).—This fraction, which 
consisted of a very viscid, brown oil, yielded on hydrolysis an 
extremely resinous acid. It was found possible by extraction 
with cold water to separate a small quantity of the «-hydroxy- 
acid, but the greater portion consisted of an uncrystallisable 
resin. 
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LXVIII. Complex Metallic Ammines. Part VIII, 
The Introduction of Di- and Tri-basic Organic 
Acid Radicles into the Pentamminecobaltic 
Complex. 


By JaMEs Cooper Durr. 


CARBONATOPENTAMMINECOBALTIC salts differ from the normal type 
of acidopentammine salts in that only one limb of the carbonate 
radicle is directly linked to cobalt in the co-ordination sphere, and 
it is usual to regard the other limb as attached to the complex in 
the form of a “‘ bound ” ion, as in formula I. 


1) ‘reo 
© Lyre 
— x 
| 6—coatt,, | 


Other salts of this type which have been definitely characterised 
are the chromato-, sulphato-, sulphito-, and oxalato-salts. 

The introduction of dibasic organic acid radicles, other than 
oxalate, in a similar form does not appear to have been described 
hitherto, or has not previously been found to be possible. The 
methods used by Jérgensen (Z. anorg. Chem., 1896, 11, 426) for the 
oxalatopentamminecobaltic salts have been tested with malonic 
acid and the other acids of the same series, but without the desired 
result. It has, however, been found possible to use two methods, 
namely (1) the reaction between the dibasic acid and carbonato- 
pentamminecobaltic nitrate and (2) a modification of the method 
used by Briggs (T., 1919, 115, 69) for the formation of chromato- 
pentamminecobaltic salts (formula II) in which use is made of the 
reaction between potassium chromate and aquopentamminecobaltic 
salts. 

The two methods adopted gave two new series of complex salts 
which are discussed separately below; the results obtained by 
using the two tribasic acids, citric and orthophosphoric, in a similar 
way are also mentioned. 
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The Reaction between the Sodium Salts of the Oxalic Acid Series and 
Aquopentamminecobaltic Nitrate. 


cobaltic nitrate for the reaction with potassium chromate. In the 
present series it was found necessary to work with a concentrated 
lution, and also to have a moderately high concentration of 
sdium salt. The resulting salts fall into three classes : 

(1) Acidopentammine nitrates of the carbonato-type (formula I) 
are given by only two sodium salts, those of maleic and sulpho- 


pentin 
ni Briggs (loc. cit.) used a very dilute solution of aqguopentammine- 


acetic acids. The two nitrates are therefore represented by 
formule III and IV: 
; eS ee 0 
ol [xo ks |xo H,0 
CH-CO-0:Co(NHs3); 3 \C0-0-Co(NH,); gtte 
(III.) (IV.) 


Sodium oxalate displaced all the nitrate and gave aquopent- 


amminecobaltic oxalate. 
(2) This class is a series of nitrates of a new complex type repre- 
sented by formula V. 
~_Co(NH,), | (NO ( Co(NH,); \—NO 
Ww) | ¥ ane | 4 Ones Ea vey 
Co(NHs); | (NOs), |. ‘Co(NH,); |—NO, 


Y represents the dibasic acid radicle of the following acids :— 
malonic, maleic, malic, phthalic, citraconic, itaconic, glutaric, and 
adipic acids. 

Following Werner’s method of nomenclature, these salts may be 
regarded as decamminedicobaltic nitrates. In this class it is 
convenient to include the two salts (formula VI) derived from 
sodium mesotartrate and sodium methionate. In the former, 
which contains 4H,O, Y is C,H,(OH),(CO-O),, and in the methionate 
Y is CH,(SO,°0),. 

(3) Aquopentammine salts only were obtained from the sodium 
salts of succinic, tartaric, and fumaric acids. They are represented 
by VII, in which Y is the dibasic acid radicle. 


(VIL) Y /1H_0-Co(NH53)5 (NOs), 
\{H,0°Co(NH,);F=(NO,), 


The carboxyl groups of these three acids are much more averted 
from each other than those of the acids in the former two classes. 
This arrangement, and the comparative solubilities of the possible 
products, undoubtedly affect the nature of the substance obtained 
in each case. In this connexion it will be noticed that the three 
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acids, malonic, sulphoacetic, and methionic, when used in the form 
of their sodium salts, all behave differently, thus illustrating the 
modifying influence of a sulphonic group when it has replaced q 
carboxyl group. 

It will be seen that only two new salts of the type of formula | 
have been obtained by this method. The salts in class (2) require 
special notice. They are all mauve pink, microcrystalline salts 
which are only moderately soluble in water. They hydrolyse 
slowly to aquopentammine salts. Dilute nitric acid precipitates 
aquopentamminecobaltic nitrate from their aqueous solutions, 
These properties show that they bear little, if any, resemblance to 
the usual types of decammine salts described by Werner (Ber, 
1908, 41, 3916) in the series of decammine-p-aminodicobaltic salts 
and other similar polynuclear compounds. The present series thus 
really belongs to the pentammine type of salts, and it is proposed 
to name them as acidodipentamminecobaltic salts. 

The constitution indicated by formula V is based on the following 
evidence: (a) The results of analysis, the estimation of nitrate 
being of most importance. (b) The absence of water indicates 
that the salts are not aquopentammine salts. This is also sup. 
ported by the conductivity results. (c) The existence of the isomeric 


form with nitrate in the complex (formula VIII) is improbable, 
NO, 
[NO,-Co(NH) KC 
(VIII.) pr [NO,°Co(NH;);/Y (1X,) 
[NO,"Co(NHs)5K 
NO, 


since there is no evidence that a nitrate radicle will enter the com- 
plex in a warm neutral solution of what is essentially an aquo- 
pentammine nitrate at the beginning. Even if this were probable, 
the resulting compound would be of the type IX, which does not 
agree with any of the salts obtained, except perhaps those from 
sodium mesotartrate and sodium methionate (compare formula VI). 
(d) The organic acids represented in this series of compounds all 
have a structure which brings their carboxyl groups close together 
in space. (e) The compounds are not mixtures of isomerides, since 
in several of the preparations the first crystals that separated and 
those that were subsequently deposited gave the same results on 
analysis. There was one exception to this, the maleato-salts; 
the first separation corresponded to formula V, but the crystals 
which separated afterwards consisted entirely of the compound 
represented by formula III. 

It is not clear why these various acid radicles should enter and 
constitute part of the co-ordination complex. Briggs (loc. cit.) 
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considered the formation of chromatopentammine salts to be due 
to the considerable residual affinity of the chromate radicle, which 
enables it to displace the water in the aquopentammine complex. 
He did not start with pure aquopentammine salts, but prepared 
these in solution from the corresponding acidopentammine salts. 
The author has found that an aqueous solution of a pure aquo- 
pentammine salt, whilst it is suitable for making the chromato- 
salts, is not capable of giving pure salts of types III and V; the 
product always contains some aquo-salt, as shown by its high 
conductivity in solution. On the other hand, by starting with 
the carbonatopentammine nitrate and preparing the aquopent- 
ammine nitrate in solution from this, there is no difficulty in 
obtaining salts which are free from aquo-salts. Possibly the 
presence of sodium nitrate in the solution causes a state of equilib- 
rum between nitratopentammine nitrate and aquopentammine 
nitrate. The organic radicle may then replace the nitrate in the 
complex and thus cause the formation of more of the nitrato-salt 
until the reaction with the organic sodium salt is complete. It 
may be mentioned, in support of such a possibility, that although 
the dipentammine salts are only slightly soluble they separate very 
slowly from solution, a good yield being obtained in some cases 
only after several weeks. Further evidence on this point is given 
in the note at the end of the paper. 


The Reaction between Acids of the Oxalic Acid Series and Carbonato- 
pentamminecobaltic Nitrate. 


The results obtained in this type of reaction can also be divided 
into three classes : 

1. The salts represented by formule III and IV are again given 
by maleic and sulphoacetic acids. Phthalic acid also comes 
unexpectedly into this class, as it yields phthalatopentammine- 
eobaltic nitrate (X). 


CO 


| (44,-C0-0-Co(NH,), | aia aed 
(X.) (XI.) 
Mesotartaric acid also gives a salt which is apparently similar 
in type but less stable in solution, the mesotartrate radicle leaving 
the complex as a result of hydrolysis; this explanation of the 
instability has been confirmed by conductivity measurements 
(compare the evidence previously obtained with a mesotartrato- 
salt, T., 1922, 121, 452). 
The salts of this class resemble carbonatopentamminecobaltic 


[H.,0-Co(NH,),]¥ (NOg) 
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nitrate in not giving a precipitate with a solution of potassium 
chromate, except in the case of the mesotartrato-salt, which js 
slowly converted into chromatopentamminecobaltic nitrate. Oxalic 
acid behaves abnormally in this series, again displacing all nitrate 
to give the aquopentammine oxalate. The oxalato-nitrate has not 
been described previously; only the acid nitrate has been men. 
tioned (Jérgensen, Z. anorg. Chem., 1896, 11, 426). 

2. Dipentamminecobaltic salts represented by formula VI are 
again given by malonic, malic, itaconic, citraconic, and glutaric 
acids. The salts are distinguished from those of class 1 by giving 
yellow, crystalline precipitates with potassium chromate. These 
precipitates react as a nitrate and a chromate in accordance with 
formula VI. 

3. Aquopentammine salts (XI) are given by succinic, fumaric, 
tartaric, adipic, and methionic acids. Conductivity measurements 
indicate, however, that succinic, tartaric, and adipic acids tend 
to give the dipentammine type of salt described above in class 2. 

The salts of this third class are characterised by their reaction 
in solution with potassium chromate, which converts them into 
chromatopentamminecobaltic nitrate. 

The results obtained in the two general methods of preparation 
already described show that the dibasic acids employed differ too 
much in their behaviour to enable a definite rule to be stated. 


The Introduction of Tribasic Acid Radicles into the Pentammine- 
cobaltic Complex. 


It has been found possible to introduce citrate and orthophosphate 
radicles into the pentammine complex by using the free acids and 
also their sodium salts. 

When sodium phosphate and sodium citrate react with the 
specially prepared solution of aquopentammine nitrate they give 
salts which seem to be best represented by formule XII and XIII, 


O O—-CO 
ty , |) CH, 
(NH,);Co ba RHC ojo 28,0 
0 | -0,0-CH, 
(XIL.) (XIIL.) 


and may be named respectively orthophosphatopentamminecobalt 
and citratopentamminecobalt. Although both contain water of 
crystallisation which is not removed at 100°, they are not the 
aquopentammine salts. Conductivity measurements place them 
in the same class as carbonato- and similar pentamminecobaltic 
salts. It is shown in the note at the end of this paper that pure 


ine- 
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aquopentammine nitrate gives a different compound from the 
above in the case of the citrate which has much higher conductivity 
values, and even higher values when aquopentammine chloride is 
wed as the starting material. These facts emphasise the labile 
nature of the nitrate radicle in the special solution used for the 
preparations, a point which has a bearing on the nature of the 
compounds formed from dibasic acids. 

When orthophosphoric acid reacts with carbonatopentammine- 
cobaltic nitrate, the product is orthophosphatopentamminecobaltic 
dihydrogen phosphate (XIV). 


| Ho>P:0-Co(NH,); H,PO,,2H,O (XIV.) 


_| /©0(NH;); —(AH3), 
(H,A).— (NH) sCorAC (XV.) 
| Co(NH;); —(AH,), 
where A = C,H,0,. 

Citric acid reacts readily with the carbonatonitrate to give a 
very sparingly soluble salt which has been identified as citratotri- 
pentamminecobaltic dihydrogen citrate (XV). The formation of 
this unusual polynuclear complex seems quite possible, since there 
will be no interference with its production if the middle carboxyl 
group in citric acid is averted from the other two. 


EXPERIMENTAL. 
Salts Derived from Aquopentamminecobaltic Nitrate. 


The following method applies to all the salts which come under 
this heading. The details are given here to save repetition. 

Five grams of carbonatopentamminecobaltic nitrate, 20 c.c. of 
water, and 20 c.c. of 2 N-nitric acid were maintained at 45° until 
effervescence ceased. The solution was neutralised with 2N- 
sodium hydroxide and at once treated with the sodium salt (1 mol.) 
under investigation, dissolved in water (20 c.c.) at 45°. Having 
been maintained at 45° for twenty minutes, the solution was filtered, 
and, after the addition of 8 c.c. of ethyl alcohol, left at room tem- 
perature for a week or more, when the crystals which had separated 
were collected. The majority of the salts form microscopic, rose- 
pink crystals and are sparingly soluble in cold water. Cobalt was 
estimated as the anhydrous sulphate, ammonia by distillation with 
sodium hydroxide solution, and nitrate by reduction to ammonia 
and subsequent distillation with alkali. 

Aquopentamminecobaltic oxalate, [H,O-Co(NH,);],(C.0,)3,4H,0, 
was obtained in minute, brick-red crystals in very good yield. It 
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was found to be identical with that prepared by Jorgensen (Z. anor, 


Chem., 1898, 17, 461) from chloropentamminecobaltic chloride §¢ 


(Found: Co = 18°01; NH, = 25°43; C,0, = 40°38. Calc., Co= 
17°86; NH; = 25°75; C,0, = 40°00 per cent.). 
Oxala necobalti } a 
xalatopentamminecobaltic nitrate, [CO-O-Co(NH,);]NO,,2H,0, 


was prepared from the above oxalate as follows: 3°3 grams of 
aquopentamminecobaltic oxalate, dissolved in 200 c.c. of water 
at 90°, having been treated with barium nitrate (1°3 grams; 1 mol.) 
in 20 c.c. of water, the solution was immediately cooled, filtered, 
and evaporated at 70° to about 25 c.c. The nitrate separated in 
minute, brick-red crystals. Yield =1°8 grams. The salt is 
moderately soluble in cold water and gives no precipitate witi 
calcium chloride until ammonia solution is added or the solution 
heated (Found : Co = 17°89; NH, = 25:28; NO, = 19°01; C,0,= 
26°78. C,H,,0,N,Co,2H,O requires Co = 17°87; NH, = 25°75; 
NO, = 18°79; C,O, = 26°66 per -cent.). 

Malonatodipentamminecobaltic nitrate [V, with Y = CH,(CO-0),] 
was obtained in minute, rose-red, elongated plates. Yield = 2 grams 
after three weeks (Found: Co = 18:18; NH, = 25°78; NO,= 
38°08; H,O = 3°05. C3H3.0,gN,,Co,,H,O requires Co = 17°98; 
NH, = 25°91; NO, = 37°80; H,O = 2°74 per cent.). The aqueous 
solution gives a precipitate with barium chloride only after boiling. 
Potassium chromate gives a brownish-yellow precipitate of a 
chromate. 

Sulphoacetatopentamminecobaltic nitrate (IV) was obtained in a 
yield of 2:2 grams (Found: Co = 16°55; NH, = 23°29; NO,;= 
16°99. C,H,,0O,N,SCo,H,O requires Co = 16°29; NH, = 23°48; 
NO, = 17:12 per cent.). 

The salt is only moderately soluble in water and the aqueous 
solution gives no precipitate with potassium chromate. 

Methionatodipentamminecobaltic nitrate methionate (VI) was ob- 
tained in a yield of 3°6 grams (Found: Co = 15°50; NH, = 22°34; 
NO; = 16°45. C,H 3,0,,N,,8,Co, requires Co = 15°52; NH; = 
22°37; NO; = 16°32 per cent.). The aqueous solution gives with 
potassium chromate a brownish-yellow, crystalline precipitate 
which is both a nitrate and a chromate. 

Mesotartratodipentamminecobaltic nitrate mesotartrate (VI) was 
obtained in a yield of 3°3 grams (Found: Co = 15°03; NH; = 
21°55; NO; = 15°55. C,H3,0,,N,.Co,,4H,O requires Co = 15°12; 
NH, = 21°78; NO, = 15°89 per cent.). The salt does not lose 
water at 100°. A warm aqueous solution gives with potassium 
chromate a brownish-yellow precipitate which is both a nitrate 
and a chromate. 
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Aquopentamminecobaltic tartrate dinitrate [VII, with Y= 
(,H,(OH),(CO-O),.] was obtained in brownish-red aggregates of 
gall, rhombic crystals. Yield = 3°5 grams (Found: Co = 16°14; 
NH, = 23°65; NO, = 33°98. C,H3gO.9N,,Co, requires Co = 16°38; 
NH, = 23°61; NO, = 34°44 per cent.). A warm aqueous solution 
reacts with potassium chromate to give brown crystals of chromato- 
pentamminecobaltic nitrate. 

Aquopentamminecobaltic succinate dinitrate (VII) was obtained 
in small, brownish-red, rhombic crystals. Yield = approx. 
35 grams (Found: Co= 17:16; NH, = 24:92; NO; = 36°40. 
(,Hg0;3Nj,Co, requires Co=17:14; NH, = 2471; NO; = 
3605 per cent.). The salt is only sparingly soluble in cold water 
but more readily on heating. A warm solution gives, with potassium 
chromate, chromatopentamminecobaltic nitrate as in the case of 
the tartrate above. 

Aquopentamminecobaltic fumarate dinitrate (VII, with 2H,0, 
where Y = CO,°CH:CH-CO,), was obtained in a yield of 3°2 grams 
(Found : Co = 16°65; NH, = 22°99; NO, = 33°55; H,O = 2°51. 
(H3¢01gN14Co2,2H,O requires Co = 16°33; NH, = 23°41; NO; = 
3435; H,O = 4°98 per cent.). The salt is moderately soluble in 
water and immediately gives a precipitate of silver fumarate with 
silver nitrate. Potassium chromate, added to the aqueous solution, 
gives crystals of chromatopentammine nitrate. The salt loses 
only half its water of crystallisation at 100°. 

Maleatodipentamminecobaltic nitrate (V, with Y = CO,*CH°CH:-CO,) 
was obtained in a yield of 1 gram (Found: Co = 18°05; NH; = 
2610; NO, = 38°07. C,H3.0,,N,,Co, requires Co = 18°14; NH; = 
2615; NO, = 38:15 per cent.). The salt is only moderately 
soluble in warm water, and must be heated for some time with 
barium chloride to give a precipitate of barium maleate. Potassium 
chromate gives a brownish-yellow precipitate of a chromate. 

Maleatopentamminecobaltic nitrate (III) was obtained when the 
filtrate from the previous salt, having been reheated at 60° for 
thirty minutes, was left for three weeks to crystallise. Yield 
18 grams (Found: Co = 18:20; NH, = 26°44; NO, = 19:20. 
(,H,,0,N,Co requires Co = 18°44; NH; = 26°53; NO; = 19°37 
percent.). It is moderately soluble in water and unlike the previous 
salt gives no precipitate with potassium chromate. 

Malatodipentamminecobaltic nitrate [V, with Y = 

CO,°CH(OH)-CH,°CO,] 
was obtained in a yield of 2 grams (Found: Co = 17°43; NH, = 
25:14; NO, = 35°77. C,H,,0,,N,,Co, requires Co = 17°65; NH; = 
25°44; NO, = 35°62 per cent.). Addition of potassium chromate to 
a Warm aqueous solution causes the separation of a brown chromate. 
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Phthalatodipentamminecobaltic nitrate [V, with Y = C,H,(CO-0),) 
was obtained in a yield of 2°4 grams (Found: Co = 16°93; NH, = 
26°45; NO; = 35°81. CgH3,0,,N,,Co, requires Co = 16:8); 
NH, = 24:29; NO; = 35°43 per cent.). The salt is moderately 
soluble in warm water. It gives no reaction for phthalate until 
after hydrolysis with aqueous ammonia. Potassium chromate, 
added to the aqueous solution, gives a brownish-yellow precipitate 
of a chromate. 

Citraconatodipentamminecobaltic nitrate (V, with Y = 

CO,°CMe:CH:’CO,) 
was obtained in a yield of 15 grams (Found : Co = 17°83; NH, = 
25°29; NO; = 37°98. C;H3,0,gNy,Co, requires Co = 17°76; 
NH, = 25°60; NO, = 37°35 per cent.). The aqueous solution, 
treated with potassium chromate, gives a brownish-yellow pre. 
cipitate of a chromate. 

Itaconatodipentamminecobaltic nitrate [V, with Y = 

CO,°C(°CH,)°CH,°CO,] 
was obtained in a yield of 1°3 grams (Found: Co = 17°68; NH, = 
25°34; NO; = 37°43. C;H3,0,,N,,Co, requires Co = 17°76; NH, = 
25°60; NO, = 37°35 per cent.). With potassium chromate, its 
aqueous solution gives an almost insoluble brownish-yellow chromate. 

Glutaratodipentamminecobaltic nitrate (V,with Y = CO,*[CH,],°CO,) 
was obtained in a yield of 1°6 grams (Found: Co = 17°86; NH, = 
25°44; NO; = 37:13. C;H3,0,gN,4Co, requires Co = 17°71; NH,= 
25°53; NO, = 37°24 per cent.). It reacts with aqueous potassium 
chromate to give a brownish-yellow chromate. 

Adipatodipentamminecobaltic nitrate (V, with Y = CO,*[CH,],°CO,) 
is similar to the glutarato-salt (Found : Co = 17:18; NH, = 25°03; 
NO, = 36°97. C,H;,0,,N,,Co, requires Co = 17:34; NH,= 
25°00; NO; = 36°47 per cent.). 

Orthophosphatopentamminecobalt (XII) was obtained in brick-red, 
flattened needles by using a solution of 6°73 grams of hydrated 
disodium hydrogen phosphate to which 18°75 c.c. of N-sodium 
hydroxide had been added to make a solution of trisodium phosphate. 
Yield 3 grams (Found: Co = 21:26; NH, = 31:03; PO, = 34:16. 
H,;0,N;PCo,2H,O requires Co = 21°44; NH, = 30°91; PO,= 
34°54 per cent.). The salt does not lose water at 100°. It is only 
sparingly soluble in warm water. The solution gives a precipitate 
with silver nitrate but not with ferric chloride. Jdérgensen (J. pr. 
Chem., 1885, [ii], 31, 83) described an aquopentamminecobaltic 
orthophosphate to which he gave the formula 

[H,O-Co(NHs),;](OH)(PO,H),H,O. 
This salt loses 2H,O at 100° and the method of preparation also 
distinguishes it from the above salt. 
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Citratopentamminecobalt (XIII) was obtained in minute, pink 
crystals. Yield 2°8 grams from 6°1 grams of potassium citrate, 
used with the cobaltammine reagent [Found : Co = 15°89; NH, = 
22:55; CgH;O, = 51°51. CgH..0,N;Co,2H,O requires Co = 15°97; 
NH, = 23°03; C,H;O, = 51°22 per cent.). The salt is only 
sparingly soluble in warm water. No water of crystallisation is 
lost at 100°. Citrate was estimated by boiling with excess of 
standard sodium hydroxide, filtering, and titrating the residual 
sodium hydroxide with standard sulphuric acid. 


Salts Derived from Carbonatopentamminecobaltic Nitrate. 


The following general method was used for all the acids inves- 
tigated in this series. Five grams of carbonatopentammine- 
cobaltic nitrate, mixed with 10 c.c. of water, were treated with a 
solution of the acid (1 mol.) in 30 c.c. (or more if necessary) of 
water at 60°. The filtered solution was evaporated to about 
2% ec.c. at 60°, and, on standing over-night, the desired salt 
usually separated. The salts, the majority of which again form 
microscopic, rose-pink crystals, are arranged below in three 
classes. 

1. Salts rrelated to carbonatopentamminecobaltic nitrate. 
Maleatopentamminecobaltic nitrate (IIL) and sulphoacetatopentammine- 
cobaltic nitrate (IV) were both again obtained (see pp. 566, 567) 
(Found : for the former, Co = 18°32; NH, = 26°58; NO, = 19°14; 
for the latter, Co = 16°40; NH, = 23°43; NO, = 17:29 per cent.). 

Phthalatopentamminecobaltic nitrate (X) was obtained in a yield 
of 3:2 grams (Found: Co = 14°89; NH, = 21°03; NO, = 15°65; 
H,O = 8°70. C,H,,0,N,Co,2H,O requires Co = 14°53; NH; = 
20:93; NO, = 15°27; H,O = 8°82 per cent.). It is moderately 
soluble in cold water and gives no precipitate with potassium 
chromate. 

Mesotartratopentamminecobaltic nitrate, 

[C,H,(OH),(CO-O),Co(NH3;);]NO3,3H,0, 
was obtained in a yield of 3-2 grams (Found: Co = 14°65; NH, = 
20°96; NO, = 15°48. ©,H,,O,N,Co,3H,O requires Co = 14°45; 
NH, = 20°83; NO, = 15°19 per cent.). It is moderately soluble 
in cold water and hydrolyses somewhat readily, being converted 
by potassium chromate into chromatopentamminecobaltic nitrate. 

Oxalic acid gives the same result as sodium oxalate in the previous 
series, aquopentamminecobaltic oxalate again being formed (Found : 
Co = 17:95; NH, = 25°61; C,0, = 40°36 per cent.). The oxalato- 
nitrate is described in the previous series. 

2. Dipentamminecobaltic salts having the general formula VI. 

VOL, CXXIII, x 
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Malonatopentamminecobaltic malonate nitrate was obtained in 
minute, purple-red crystals (Found: Co = 17°79; NH, = 25:94: 
NO, = 18°86; H,O = 5°72. CH 5,0,,N,.Co,,2H,O requires Co = 
18:09; NH, = 26:07; NO, = 19°01; H,O = 5°52 per cent.). 

Malatodipentamminecobaltic malate nitrate was obtained in a yield 
of 2°6 grams (Found: Co = 17:36; NH, = 25°10; NO, = 18:22. 
C,H,,0,,N,,Co, requires Co= 1744; NH, = 25°15; NO,= 
18°34 per cent.). 

Citraconatodipentamminecobaltic citraconate nitrate was obtained 
in a yield of 1:2 grams (Found: Co= 16°76; NH, = 24°64; 
NO, = 17°97. Cy9H3g014N4.Co.,2H,O requires Co = 16°75; NH, = 
24°15; NO, = 17°61 per cent.). 

Itaconatodipentamminecobaltic itaconate nitrate was obtained in 
a yield of 1:1 grams (Found : Co = 17°53; NH, = 25°57; NO, = 
18°65.  Cy9H3g0,4N,.Co, requires Co = 17°66; NH, = 25°45; 
NO, = 18°56 per cent.). 

Glutaratodipentamminecobaltic glutarate nitrate was obtained in a 
yield of 1°9 grams (Found: Co = 17°70; NH, = 25°24; NO, = 
18°41. OC, 9H4.0,,N,.Co. requires Co=17°55; NH, = 25:29; 
NO, = 18°45 per cent.). 

All the salts in this section are sparingly soluble in cold water 
and are characterised by giving, with potassium chromate, a yellow 
precipitate which is both a nitrate and a chromate. 

3. Aquopentammine salts. Aquopentamminecobaltic nitrate suc- 
cinate [XI, with Y = (CO,),(CH,),] was obtained in a yield of 
3°3 grams (Found: Co = 16°92; NH, = 24:91; NO, = 18°04. 
C,H,,0,N,Co requires Co = 17:34; NH, = 25:00; NO, = 18°24 
per cent.). 

Aquopentamminecobaltic nitrate tartrate [XI, with Y = 

(CO,)o(CH-OH).] 
separated as a brownish-red crust of minute crystals. Yield 3°5 grams 
(Found : Co = 15°59; NH, = 22°73; NO, = 16°91. C,H,,0, >N,0 
requires Co = 15°85; NH, = 22°85; NO, = 16°66 per cent.). 

Aquopentamminecobaltic nitrate fumarate, 

[H,O-Co(NH,); JY (NO,),2H,0, 
where Y = CO,°CH°CH:CO,, was obtained in a yield of 2°7 grams 
(Found: Co=1601; NH, = 22°75; NO, = 1682; H,O= 
9°44. C,H,,0,N,Co,2H,O requires Co= 15°77; NH, = 22°73; 
NO, = 16°57; H,O = 9°62 per cent.). . 
Aquopentamminecobaltic nitrate adipate (XI, where Y = 

CO,*[CH,],"CO,) 
was obtained in a yield of 1°4 grams (Found : Co = 16:06; NH, 
23°21; NO, = 16°70. C,H,,O0,N,Co requires Co = 16°02; NH, 
23°10; NO, = 16°85 per cent.). 
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Aquopentamminecobaltic nitrate methionate [XI, where Y = 
(80,),CH,] was obtained in brownish-red, prismatic needles (Found : 
(o = 14°37; NH, = 20°69; NO, = 14°98. CH 0, )N,S,Co,H,O 
requires Co = 14°65; NH, = 20°43; NO, = 14°90 per cent.). 

All the above salts are sparingly soluble in cold water and are 
converted by potassium chromate into chromatopentammine- 
cobaltic nitrate. 

Orthophosphatopentamminecobaltic dihydrogen orthophosphate (XIV) 
was obtained in small, reddish-brown, flat needles on the addition 
of 5 grams of the carbonato-nitrate to a solution of 3 grams of 
orthophosphoric acid in 25 c.c. of water at 40°. Yield 2°8 grams 
(Found : Co = 15°91; NH, = 22°42; PO, = 50°98; H,O = 9°72. 
(HPO,*Co(NH;),; ]H,PO,,2H,O requires Co = 15°81; NH, = 22°79; 
PO, = 50°94; H,O = 9°65 per cent.). The salt is very sparingly 
soluble in cold water and readily soluble in dilute alkali or mineral 
acid solutions. The water of crystallisation is lost over sulphuric 
acid at the ordinary temperature. The salt melts at the temperature 
of the steam-oven. 

Citratotripentamminecobaltic dihydrogen citrate (XV) was obtained 
in minute pink crystals in almost quantitative yield when 5 grams 
of the carbonato-nitrate were added to a solution of 4 grams of 
citric acid in 40 c.c. of water at 50°. The solution was kept at 
50° until effervescence ceased, and the salt separated quickly 
on cooling (Found: Co = 9°52; NH, = 14°34; C,H;O, = 75°44. 
CygHg,04gN,;Cog requires Co= 9°99; NH, = 14°41; C,H;0, = 
74°80 per cent.). This salt is only sparingly soluble in warm water. 
It has an acid reaction and dissolves in sodium bicarbonate solution, 
but cannot be reprecipitated by acid. The constitution was further 
checked by titrating the salt with standard alkali solution [0°3471 
gram required 23:2 c.c. of N/10-barium hydroxide (theory 23°53 c.c.). 
04751 Gram required 16°5 c.c. of N/5-sodium hydroxide (theory 
16'1 ¢.c.), using phenolphthalein as indicator]. 


Molecular Conductivities. 


Since few chemical reactions are possible with the complex salts 
described in this paper owing to their sparingly soluble nature, the 
determination of their molecular conductivities has been found 
useful in checking the formule suggested for them. The electrical 
conductivities were measured with the identical apparatus described 
in Part VII of this series (T., 1922, 121, 453). All measurements 
were made at 25° and so far as possible all solutions were made at 
25° and were freshly prepared for each stage of dilution. Owing 


to the moderate solubility of the salts and the need for obtaining a 
x 2 
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solution quickly to avoid much hydrolysis, measurements have 
only been made for v = 512 and 1024 litres. 

The results have been divided into five classes corresponding to 
the five classes of compounds already described. To simplify the 
table, the following five general formule are referred to :—XVI, V. 
VI, VII, XI. 

[YCo(NH3);|NO; (XVI) 


A peculiar catalytic action has been discovered during the measure. 
ment of the electrical conductivities. It is most marked in the 
case of the salts represented by formula XVI. These salts show 
little or no hydrolysis of the complex in dilute solution even above 
25°, until the solution is in contact with the platinum electrodes, 
Then hydrolysis at once begins, in some cases quickly, and aquo- 
salts are produced. The oxalato- and chromato-nitrates give 
reactions for oxalate and chromate after remaining in the electro. 
lytic cell for one hour, whilst a solution outside the cell will show 
no such reaction even on the next day. The catalytic hydrolysis 
is apparently due to the platinum black on the electrodes and 
only occurs in the solution immediately surrounding these. It is 
not necessary to have any current passing for the effect to be 
produced. It may be that this unusual effect is connected with 
the presence of a ‘‘ bound ” ion in the structure of these salts (see 
formule I, II, III, IV), but further investigation is necessary on 
this point. 

Whilst the catalytic hydrolysis is most marked in the foregoing 
class, it is also in evidence in the others except those containing 
the aquo-salts. It is evident that the electrodes can hasten 
hydrolysis of the complex in these series of salts. It is also notice- 
able in a less degree in a normal type of salt like nitratopentammine- 
cobaltic nitrate. 

Some aquo-salts show evidence of hydrolysis, particularly a 
succinate and a tartrate. This may be regarded as indicating that 
there is a tendency in these cases for the organic acid radicle to enter 
the complex. 

The chromato- and carbonato-nitrates have been included in 
the first class, as no record of their conductivity could be found 
in the journals. Sulphatopentamminecobaltic nitrate is also 
included, since Werner and Miolati (Z. physikal. Chem., 1896, 21, 
235) record that, for v = 512 and 1024, » = 94°64 and 101°6, respec- 
tively, without any observation that hydrolysis occurred. ‘This 
has been found to be unusually small in this case. 

In order that the results may be more readily compared, ¥ 
represents the volume of solution containing one gram-atom of 
cobalt. 
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; Ma.* Ba. * Be.* 
Y in formula 2 nN “ A . A 
XVI. v=512. v=1024. v=512. v=1024. v=512. v=1024. 
Carbonato- ...... 136-4 143-4 136-4 143-4 189-3 254-9 
Sulphato- ......... 96-5 101-4 98-2 101-9 101-7 106-8 
Chromato- ......... 125-6 120-3 125-6 120-3 228-0 309-4 
Oxalato- ......... 136-4 148-5 136-4 148-5 173-2 204-7 
Maleato-......... 145-4 148-7 145-4 148-7 156-4 159-7 
Sulphoacetato- ... 128-1 120-6 131-4 122-6 141-3 151-2 
Phthalato- ......... 97-2 99-6 99-1 100-8 104-7 112-7 


Mesotartrato- ... 212-9 241-4 216-5 241-4 247-4 328-7 


Y in formula V. 


Malonato- ......... 233-3 249-2 243-4 263-7 319-5 348-9 
BED? veccnsee 234-6 266-2 239°3 273-3 296-9 312-8 
BEED= sccesccccocs 255-7 267-8 255-7 267-8 324-1 343-7 
Phthalato- ......... 270-0 271-6 272-4 278°3 356-1 348-9 
Citraconato- ...... 245-5 252-0 254-3 272:5 267-5 278-0 
Itaconato- ......... 243-4 251-2 260-7 282-3 274-9 300-9 
Glutarato- ......006 256-4 256-5 268-7 273-6 298-5 325-4 
Adipato- —......... 254-9 257-1 267-8 283-5 331-1 348-9 
Y in formula VI. 
Malonato- ......... 240-6 260-7 242-9 266-9 259-5 300-4 
MIRED -  pevcccsccccs 246-5 266-2 258-6 281-8 299-2 331-1 
Citraconato- ...... 270-1 267-9 272-4 270:1 275-3 273-3 
Itaconato- ......... 228-0 229-8 229-8 231-4 233-8 231-4 
Glutarato- ......... 235-1 241-3 247-9 257-7 283-5 316-1 
Methionato- ...... 273-3 282-7 276-0 287-8 287-1 295-6 


Mesotartrato- ... 210-8 243-0 215-2 245-9 270-1 307-6 


Y in formula XI. 


Succinate ......... 250-0 271-6 251-2 274-1 260-7 292-7 
TATUTALC 22.0009 00008 269-5 300-4 269-5 303-4 304-1 331-8 
Fumarate ......... 239-7 250-3 239-7 250-3 239-7 250-3 
BEDBEO cscosseoeses 306-6 318-4 308-6 324-1 324-1 325-2 
Methionate ...... 274-6 297-5 274-6 297-5 274-6 297-5 

Y in formula VII. 
Succinate ......... 350-5 367-0 350-5 367-0 350-5 367-0 
re 247-9 268-9 247-9 268-9 247-9 268-9 
Fumarate ......... 229-2 248-7 229-2 248-7 229-2 248-7 

v=1024. 2048. 1024. 2048. 1024. 2048. 

Phosphato- 

pentammine- 

ae 143-9 133-7 147-4 137°1 180-1 214-1 
Citratopentam- 

minecobalt ... 137-1 138-7 215-4 


* ua represents the values for freshly-made solutions, ug the values for the 
same solutions, kept for one hour in the flask, and yc the values for the same 
solutions after contact with the electrodes for one hour without being disturbed 
in any way. 


To the phosphato- and citrato-salts mentioned above have been 
given formule (XII and XIII) which indicate that they should be 
non-electrolytes in solution, for the formation of ions is impossible 
unless hydrolysis occurs. If they are aquo-salts, the values of 
» should exceed 300. It appears reasonable to suggest that 
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hydrolysis has occurred during solution, because the salts are very 
insoluble and heating to 50° was necessary to obtain the solution 
for v = 1024 in the case of the phosphato-salt and for v = 2048 
in the case of the citrato-salt. The fact that the value of » for 
v = 2048 is less than that for v = 1024 supports this conclusion in 
the case of the phosphato-salt. After the solution has been pre. 
pared, and the temperature maintained at 25°, hydrolysis proceeds 
but slowly until the platinum electrodes disturb the equilibrium; 
thereafter the rate of hydrolysis is accelerated as in the cases men- 
tioned above. It was mentioned in the section on preparations 
that the phosphato-salt in solution gives a precipitate with silver 
nitrate; this result can be similarly explained as due to hydrolysis 
having occurred, whereby the phosphate radicle is removed from 
the complex. 

The view that the behaviour of the foregoing substances in solution 
is due to hydrolysis is supported by the fact that the phosphato- 
and citrato-salts do not lose their water of crystallisation at 100°. 
It would seem that this water is firmly bound in the molecule in 
some way which enables the salt to change into an aquo-salt. It 
has been found that the crystals of both salts change on keeping, 
apparently into aquopentammine salts. The following figures 
were obtained four months after the values already given had been 
measured. For v = 2048, the phosphato-salt and the citrato-salt 
now gave » = 214°] and 218, respectively, these values remaining 
constant. These results support the suggested formule (XII and 
XIII) for the salts, when freshly prepared, and account for the 
conductivity values obtained. 

The change which occurs on keeping the crystals of these salts 
is paralleled by the observation of J6rgensen (J. pr. Chem., 1885, 
[ii], 31, 50) that crystals of aquopentamminecobaltic nitrate change 
at the ordinary temperature into nitratopentamminecobaltic nitrate 
after several months. 

Addendum. 


Additional experimental evidence is given below to show that 
the solution of aquopentamminecobaltic nitrate, prepared as 
described (p. 565), is different in chemical behaviour from an 
aqueous solution of pure aquopentamminecobaltic nitrate. It is 
suggested that the aquo-nitrate in solution can change into the 
nitratopentammine nitrate and that the presence of sodium nitrate 
facilitates this conversion. Measurement of the conductivities of 
solutions of pure aquo-nitrate support this view. 

For v = 256, 512, and 1024, Werner and Miolati (Z. physikal. 
Chem., 1896, 21, 237) give the values of » as 344°6, 362°3, and 
379°4. If fresh solutions be made at each stage, the value of » 
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will be found to decrease owing to the action of the electrodes. 
The present author thus obtained the following values : 


Forv = 256 p»=351'1 340°6 (after 1 hr.) 340°1 (after 2 hrs.) 
= 512 »= 3749 360°0 “ 359°0 1 
= 1024 » = 3969 380°0 “ 378°0 - 


The most probable explanation is that there has been conversion 
into nitratopentammine nitrate to a small degree. The change 
was found to occur slowly when the solution was not put into the 
Kohlrausch cell. 

When trisodium phosphate was allowed to react with a solution 
of pure aquopentammine nitrate, minute, brick-red crystals were 
readily obtained which were identical with the phosphatopent- 
amminecobalt already described. A similar salt was obtained from 
aquopentamminecobaltic chloride. Whilst the salt from the 
aquo-nitrate gave results for molecular conductivity identical with 
those already recorded for phosphatopentamminecobalt, the phos- 
phate obtained from the aquo-chloride gave much higher figures, 
namely, for v = 2048, » = 206°9, and this became 211°2 after one 
hour in the cell, showing that this salt was at least in part aquo- 
pentamminecobaltic phosphate. This suggests that the aquo- 
nitrate changes more readily into the acido-salt than does the 
aquo-chloride. 

Potassium citrate also was allowed to react with the aquo- 
pentammine nitrate and the chloride. Crystals were readily 
obtained which in each case were identical with those of the citrato- 
compound already described. The molecular conductivities were 
higher, however: For v = 2048, the salt from the aquo-nitrate 
gave » = 177°9, and 2154 after 1 hour in the cell, whilst the salt 
from the aquo-chloride gave » = 244°1, and 279°4 after 1 hour in 
the cell. All the foregoing results therefore show that the aquo- 
pentamminecobaltic nitrate solution used in this work had a specially 
reactive nature. 

It has not so far been possible to obtain a series of chlorides or 
other salts corresponding to the nitrates described. The possi- 
bility of obtaining chlorides is still under investigation. 


The author’s thanks are due to Miss C. M. Butcher, B.Sc., for 
much valuable assistance during the preliminary stages of the work. 
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LXIX.—Chlorotodoacetic Acid. 
By Hotztanp CrompTon and Kate MyFraNnwy CARTER. 


IopINE monochloride acts vigorously on «$-dichlorovinyl ethy| 
ether with evolution of heat. The solution becomes dark violet 
and iodine separates. If the ether is kept cool, and the mono. 
chloride is added very gradually, but little iodine is set free, and 
the mixture, on standing exposed to the air, emits a colourless, 
acrid, inflammable vapour containing ethyl chloride. At the same 
time crystals of chloroiodoacetic acid are formed on the sides of 
the containing vessel. The product of the action appears to be 
chloroiodoacetyl chloride, 


CHCI:CClL-OEt + ICl = CHCII-COCI + EtCl, 


which is converted into the acid by the absorption of water from 
the air. If air is excluded, and the mixture left for some time, the 
acid chloride is produced in good yield, and although it cannot be 
purified it can be used, in the crude form, for the preparation of 
the acid and its derivatives. 

Chloroiodoacetic Acid.—Iodine monochloride (1 mol.) was added 
as above to «$-dichlorovinyl ethyl ether (1 mol.), and the mixture 
kept in a sealed vessel for three weeks. It was then heated at 50° 
to expel ethyl chloride and, after cooling, filtered through glass 
wool to remove solid iodine. Water (1 mol.) was added in small 
quantities at a time and the mixture left over-night. It solidified 
almost completely, the yield of crude chloroiodoacetic acid being 
60 per cent. of the calculated. The acid was purified by crystal- 
lisation from light petroleum. Thus obtained, it forms colourless, 
lustrous leaflets melting at 90° (Found: Cl = 15°50, 15°32; I= 
57°50, 57:15; equivalent = 2179; M = 223°7. C,H,O,CII re- 
quires Cl = 16:06; I = 57°54 per cent.; M = 220°4). 


The acid is not perceptibly hygroscopic, although it dissolves | 


readily in water and the ordinary organic solvents. When dry, it 
does not change on exposure to the air. But its solutions are very 
sensitive to light. Colourless solutions in light petroleum or 
benzene turn violet almost immediately when exposed to bright 
sunlight. The salts of the ordinary metals are all soluble in water. 
The barium salt could only be orystallised from very concentrated 
solution (Found : Ba = 24:19. C,H,0,Cl,I,Ba requires Ba = 23°84 
per cent.). 

Chloroiodoacetamide is formed on treating a solution of the crude 
chloroiodoacetyl chloride described above with dry ammonia. It 
crystallises from water or benzene in brilliant white needles melting 


chl 
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at 140° (Found: N=651; Cl=1600; I = 57:20. Calc., 
N=637; Cl=16:19; I = 57:89 per cent.). It is evidently 
identical with the amide obtained by Willstatter and Hottenroth 
from impure ethyl chloroiodoacetate and ammonia (Ber., 1904, 37, 
1786). 

Chloroiodoacetanilide is similarly prepared by the action of aniline 
on the chloride in light petroleum solution. It crystallises from 
water or benzene in white needles melting at 142° (Found: N = 4°82; 
(l= 11:93; I= 42°94. C,H,ONCII requires N=474; Cl= 
1200; I = 42°98 per cent.). 

Esters of chloroiodoacetic acid can be obtained from the above 
chloride, or, in this case, if the alcohol is added to a freshly pre- 
pared mixture of dichlorovinyl ethyl ether and iodine monochloride, 
a violent reaction sets in on warming and the ester is formed. 
liquid esters could not be isolated in a pure condition, but solid 
esters can be crystallised out and purified. 

Phenyl chloroiodoacetate crystallises from light petroleum in 
brilliant colourless leaflets melting at 110° (Found: Cl = 11°98; 
[= 42°78. C,H,O,CII requires Cl = 11°97; I = 42°83 per cent.). 

The replacement of a chlorine atom in phenyl dichloroacetate 
by a bromine atom has only a slight effect on melting point and 
crystalline form (Crompton and Triffitt, T., 1921, 119, 1874). 
When the bromine is replaced by iodine, the melting point rises 
from 46°5° to 110°. Also, phenyl chlorobromoacetate and chloro- 
iodoacetate do not form mixed crystals. This is shown by the 
melting points of their mixtures : 


Molecular Molecular 
percentage of percentage of 

chlorobromoacetate. M. p. chlorobromoacetate. M. p. 
100 46-5° 62-2 75:7° 
90-0 42-8 50-0 87-5 
88-2 42-0 37-1 96-0 
82-0 42-6 28-0 102-5 
80-0 47-9 7-5 107-6 

78-8 52-0 0 110 


These numbers give a melting point curve of the usual type, the 
eutectic mixture, containing 82°9 per cent. of the chlorobromo- 
acetate, melting at 39°2°. 


BEDFORD COLLEGE, 
REGENT’s Park, N.W. 1. [Received, February 5th, 1923.] 
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LXX.—Interfacial Tension. 
By James Rospert Pounp. 


THE measurement of the interfacial tensions of liquids by the 
drop-weight and the capillary tube methods has been studied by 
Harkins and Humphrey (J. Amer. Chem. Soc., 1916, 38, 228, etc.) 
and by Reynolds (T., 1921, 119, 460). Reynolds found that the 
drop-weight method gave, on the average, results that were 78'8 
per cent., or roughly four-fifths, of those found by the capillary 
tube method. But this can be only an approximate relation, as 
the drop-weight method is affected by so many factors. By means 
of the capillary tube method Reynolds has obtained accurate results 
for the interfacial and the surface tensions of various mutually 
saturated liquids. He has proved that the former values are 
calculable from the latter, that is, the interfacial tension between 
two liquids, A and B, is the difference between the surface tension 
of A, saturated with B, and the surface tension of B, saturated with 
A, or yas=yYa — ys (compare also Antonoff, J. Russ. Phys. 
Chem. Soc., 1907, 39, 342; Phil. Mag., 1918, [vi], 36, 377). For 
pure liquids, the interfacial and the surface tensions of which are 
constant at the one temperature, Reynolds has proved the above 
relation to hold within the limits of experimental error (ca. 1 in 200). 
The relation is true also for mixtures of organic liquids in contact 
with water when the interfaces are freshly formed, but here the 
interfacial tension in general diminishes with the age of the interface, 
because concentration of one or more components of the complex 
liquid will occur there and the interfacial tension tend to a minimum. 
However, even in such cases the law holds if the contemporaneous 
surface tensions and interfacial tension are known (see Reynolds’s 
results for colloidal solutions). Surface concentration does not 
occur (or occurs quickly to a very slight extent) with some solutions ; 
for example, benzene and aqueous solutions of salts, etc., give 


constant interfacial tensions that obey the normal law. Neverthe- | 


less, where ys, is much smaller than (y, — yg) and varies with the 
age of the interface, it is certain that physical action (surface con- 
centration) or chemical action has occurred; conversely, a normal 
value of yas (= ya — ye) and its constancy are proof of the 
purity of the liquids used and of the absence of physical or chemical 
action at the interface. These results of Reynolds are substantiated 
by the present work. 

The following determinations of interfacial tension were made in 
an apparatus practically the same as Reynolds’s (loc. cit.). The 
capillary tube was placed centrally and vertically in a graduated 
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tube, which was fixed in a thermostat. The apparatus was 
thoroughly cleaned with chromic acid mixture, washed well, and 
filed with pure, air-free water; the second liquid was introduced 
from the top or the bottom according as it was lighter or heavier 
than water and allowed to enter the capillary. 

The liquids being at rest, the positions of the interfaces are read 
off against the graduated tube, and the difference of level between 
the interface in the capillary tube and that in the outer tube is 
obtained in terms of the scale on the latter. Air-free water must be 
used, as if bubbles of air appear after the experiment is started they 
will probably enter the capillary and thus spoil the experiment ; 
even if they form only in the outer space or annulus, they will 
disturb and deform the interface there, making its position difficult 
toread. ‘The meniscus in the annulus should be horizontal, but a 
slight inclination therein may be readily allowed for when reading 
off its position on the scale; a slight inclination of the annular 
meniscus is due to the capillary tube not being set perfectly centrally 
in the wider tube or to the “ oil” passing irregularly through the 
glass knobs that keep the capillary in position. In this arrangement 
errors due to parallax must be guarded against. The apparatus 
was always first wetted with water and then no difficulty was ex- 
perienced in getting the “ oil” to enter the capillary and to displace 
the water from the glass surfaces. 

The apparatus was made in triplicate; two were used in a 
thermostat and the third was water-jacketed only. The former 
two were of similar dimensions; and one of them (apparatus 1) had 
the following dimensions and constants : 

Value of one division of the scale on the outer tube = 0°5138 
am. = p. 

Internal radius of the capillary tube = 0°07722 cm. = r. 

Rise of water in the capillary tube when in position in the 
graduated tube at 30° = 3°006 divisions = 1°5445 cm. = 8. 

Rise of water in the capillary tube when set in open vessel at 30° = 


i” 1868 cm. = «a. 


Internal radius of the graduated tube = 0°787 cm. 

External radius of the capillary tube = 0°4 cm. 

Now r was determined by calibration with mercury, the capillary 
tube, before selection, being proved to have a uniform bore. jp was 
determined against a standard scale. §& was found by direct 
estimation in the apparatus at 30°; the apparatus was filled with 
water, which was run out in stages, the position of the annular 
meniscus and that of the capillary tube meniscus being observed on 
the scale of the outer tube at each stage, so that from one setting of 


the apparatus the mean water rise for all positions in the capillary 
x* 2 
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tube was found, and several such experiments were carried out 
at different times, involving quite separate settings of the whole 
apparatus. Direct observation of this water rise in the apparatus 
by means of a micrometer microscope is inconvenient, and is no 
more accurate, since the position of the lower or annular meniscus 
is extremely difficult to locate by the microscope. 

The water rise in the capillary tube, when set in an open 
vessel at the room temperature, was determined directly by the 
microscope, taking the mean of many positions throughout the 
length of the capillary. The open vessel used was of 4°6 cm. radius. 
The figure thus obtained corresponded well with that demanded by 
the usual theory, namely, 

y=4ole—p'h+r)8) 2... 7... 
where y = surface tension of liquid—air, here water—air, in dynes per 
cm., r = radius of the capillary tube in cm., p = density of the 
liquid (grams/cm.), p’ = density of the air, g = the value of gravity, 
and h = height of liquid rise in em. to the lowest point of the 
meniscus ; the term (h + 1/3) embodies the correction for the liquid in 
the meniscus. Some authorities give h,,/3 for this correction, where 
hm = the height of the meniscus, but it was found that for water in 
our capillary tubes h,, does not differ appreciably from r. Thus, in 
one experiment, r = 0°07722, g = 980, p = 0°99916 (at 15°), p’= 
0°00116, and y = 73°60 (C.G.S. units), whence h (cale.) = 1°917 em., 
whilst h (observed, mean value) = 1°921 cm.; this difference falls 
within the possible experimental error of our (I.T.) measurements. 
Hence it was considered unnecessary to measure directly the water 
rise in the capillary when the latter was set in an open vessel at 30°, 
and this figure, «, is obtained by calculation (as above), taking 
Ys0 = 71°34 dynes/cm. 

It will be noticed that « and @ differ considerably. The import- 
ance of this was recognised and the figure given for 8 is the mean of 
at least three separate determinations; all the above constants of 
the apparatus are, at least, means of duplicates, and the experimental 
errors involved are (--) 7/7700, »/200, «/500, and 6/500. The value 
of gravity at Ballarat, calculated by the usual formula, is more than 
979°9 cm./sec.?, so that the value 980 may be taken in our 
calculations. 

Now the interfacial tension is given by the equation 

y= d9rhu(h + r/3p)(d — d’), 
where y = the interfacial tension in dynes per cm., g = value of 
gravity (C.G.S. units), r = radius of the capillary tube (cm.), 
X\ =the ratio of the difference of level of the two liquids when 
the outer tube is of large diameter to that observed when the outer 
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tube is of small diameter (as in the apparatus), » = the value of 
one scale-division of the apparatus in cm., h = the difference of 
level of the two interfaces (between the highest or lowest points of the 


| meniscuses in and out of the capillary) in scale divisions, and d 


and d’ = the densities of the two liquids. 

This formula assumes that the angle of interfacial contact with 
the glass of the capillary tube is zero, a supposition which is supported 
by the appearance of the meniscus and by the investigations of 
Richards and Carver on surface tension determinations (see later). 
The critical factor in the equation is 4. What is the measure of the 
proportionality between the capillary rise (or fall) due to surface 
tension or interfacial tension when the capillary tube is set in a 
narrow tube and in a wide one? The measurement of surface 
tensions and of interfacial tensions by capillary tube methods is 
more dependent on the diameter of the larger vessel, in which the 
capillary tube is immersed, than is usually appreciated (see Richards 
and Coombs, J. Amer. Chem. Soc., 1915, 37, 1657; Richards and 
Carver, ibid., 1921, 43, 827; Rayleigh, Proc. Roy. Soc., 1915, [A], 
92, 184). 

It is probably correct to assume that there exists a constant 
tatio between the weights of liquids raised in the capillary tube 
when the latter is set first in an open or wide vessel and secondly in 
a narrow tube, whether in surface tension or interfacial tension 
measurements. These conditions are as follows : 


LH abl ot af 
V77NY i 
AA th WA Ue 


pit 
Wale Watir Water Untir 
(1) (2) (3) (4) 


For water—air systems (1) and (2), w./wg = (« + r/8)/(8 + 1/3), 
Where w, and wg are the weights of water raised in the two cases 
(wide and narrow tubes, respectively). 

For liquid-liquid (or water—liquid) systems (3) and (4), w,/w» = 
(a + r/3)/(b + 7/3) =, by assumption, (« + 1/3)/(8 + 1/3) = «’/8’, 
and thus w, = w,(« + 1r/3)/(@ + 7/3), where w, and w, are the 
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weights of liquid raised (or depressed) in the two cases (wide and 
narrow tubes, respectively). 
Thus, in the interfacial tension measurement, 


_ a -- r/3 — | - 
2rry = ap r/3 + r/3)(d — d’)rr°g, 


a : y ’ ¢ 
or y= dor( a(t + 3,)@ a ae ae 
where «’/8’ = X (see above). 

Thus y = k(d — d’)(h + r/3y), where & is a constant for the one 
apparatus. 

For the apparatus (1), referred to above, 

aw’ a+r/3  1°868 + 0°0257 _ 1:8937 

6 B+r/3 1:°5445+0°0257 15702 
and r/3u = A = wth = 0°050 (scale divisions), 
and the formula (2) becomes 

y = 4 X 980 x 0°07722 x 1:206 x 0°5138 x (h + 0°050)(d — @’) 

= 23°45 x (h + 0°050)(d — d’). 

Formula (2) was used in all our calculations of interfacial tension; 
for apparatus (2), & = 20°83 and r/3» = 0°056; for apparatus (3), 
r = 00488, k = 1:096, and r/3n = 0°4. Nevertheless it may be 
pointed out that «’/8’ is nearly equal to «/8; for example, for 


apparatus (1), «/8 = 1:210; andif h is not small, the term 7/3 may 
be omitted, and the formula 


y = 4gr(«/B)phd—d')= Kh d—d') . . . (2' 


may be used as a close approximation; forexample, for apparatus 
(1), the equation (2’) gives y = 23°53h(d — da’), which, when h is 
greater than 5, gives results within less than 1 per cent. of those of 
equation (2). 

In the densities given later, the fourth decimal place is exact and 
the fifth place, where given, is accurate to within two or three units. 

This method affords an absolute measure of interfacial tensions 
and also a means of following the change of interfacial tension with 
time in those cases where this property depends on the age of the 
interface. The author has thus measured the interfacial tensions 
between purified liquids and water and also between commercial 
liquids, called oils, and water. Most of the work was carried out 
at 30°, but a few observations were made at other temperatures. 
For a pure liquid and water, the interfacial tension is constant, so 
that for each case only one figure need be quoted (Table I). For 
many of the commercial oils and water, the interfacial tension fre- 
quently varies greatly with the age of the interface; a set of values 


bo 
— 


= 1'206, 
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and TABLE I. 


Interfacial tensions of pure liquids and water. 
L.T. at 30° 


Liquid. B. p. di: (dynes/cm.). 
DEED Gesatecssncocccesoovenseees 80-0° 0-86707 32-50 
SM ciiicccceaneteisssauetnensbess 34-6 0-7023 11-13 
9 RMR, covceivssasenageaeeee 61-0 1-4688 31-41 
2) Carbon tetrachloride............ 76:5 1:57426 42-75 
Carbon disulphide _............ 46-45 1-2477 46-31 
MND chssndasos gp cabsvadeboones 111-2 0-85604 34-6 
SEE supnnersinseceseassenwessss 184-2 1-01298 6-00 
ON€ BH Nitrobenzene —........seeeeeveee 213-0 1-19219 24-1 
TUFPENtING —...eeevecccescccesees 160-6 0-85460 23-0 
Paraldehyde .........seeeecsseees — 0-98193 9-60 
Amyl alcohol (1) ..........++0+. 131-1 0-8053 4-89 
Amyl alcohol (2) ..........++++- 132-3 0-8036 4-83 
Amyl acetate = .......ssesceeeees 140-7 0-8545 10-88 
Ethyl acetate  ......seseeceeeees 77-0 0-88694 6-27 
EE acne hevestsuadesnemeacecetecs 206-0 1-02526 4-28 
ade. I.T. at 10°. 
INR 65a Sasi ehawenesnedaen — 0-8881 34:10 
BEE sv ociiced wis tovsubeeticxessansons _- 0:7247 10-19 
- d') CONOR. Sine scccsccseseseves —- 1-5077 32-17 
TABLE II. 
on; 
(3). Interfacial tensions of oils and water at 30°. 
ke ” Interfacial tension (dynes/cm.) after 
f Oil. dy. thr. lhr. 3 hrs. 18 hrs. Limit. 
2 eee 0-7078 44:2 442 442 442 43-1 (29 hrs.) 
nay Kerosene (1) ........+00. 0:7912 12:9 12:9 12-75 12-5 5-8 (12 days) 
Kerosene (2) ........s00. 0-7896 36:7 346 33:5 32-4 
Kerosene (3) .........+0. 0-7887 46-2 46:2 45:5 45-1 43-2 (45 hrs.) 
) 300-Test kerosene (1)  0:°8380 39-95 39:55 39°55 39:4 37:5 (29 ,, ) 
300-Test kerosene (2) 0:8490 33-3 30:0 26-8 21:7 
tus Paraffin oil A ......... 0-8688 26-8 23-2 19-8 — 13-6: (19 4.) 
¥ Paraffin oil B (1) ...... 0-8800 20-2 17-9 16-5 _ 60: (37 ..) 
1s Paraffin oil B (2) ...... 0-8786 25:9 20:4 17-7 — 8-8 (30 ,, ) 
> of Parafin oi] © - .....005. 0-8972 35-3 33:8 32-3 —_ 26-5 (30 ,, ) 
B.P. Liquid Paraffin 0-8689 50-2 49-3 47-4 41-7 26-6 (11 days) 
Eucalyptus (Cineole) 0-9119 15-65 15:4 15:4 15-1 
ind @ Eucalyptus (Phel- 
its landrene)  ..........4. 0-8493 17-75 18-2 — — 18-7 (22 hrs.) 
; TUPPONGINE —...0.0.000008 0-8615 668 668 668 — 7-42:(18. ». ) 
ons oS 0-8855 12-80 12-80 12-80 12-80 12-15 (40 ,, ) 
ith GMBEOP CH sicccsccsacsces 0-9525 19-9* 19-7 19-0 18-2 16-9 (13 days) 
BNE El cs ccemeceesuvennnes 0-9063 17-6 14:9 12-65 10-27 10-15 (22 hrs.) 
the Ee ae 0-9074 14-75 13-9 12-75 11:2 10-8 (48 ,, ) 
ns Rape seed oil ......... 0:9049 17-2 16:2 15:4 143 
ial MEO OE serocicsececeos 0-9141 583 3-24 1-2 — 00, ( B..a > 
1a Linseed oil (raw) (1) 0:9338 441 434 — _— 
ut Linseed oil (raw) (2) 0-9213 7-8* 6-2 5-2 4-4 3-9 (48 ,, ) 
es Linseed oil (boiled) ... 0-9375 9-57 910 8-51 7-42 6-9 (46 ,, ) 
; Neatsfoot oil .........4+. 0-9029 1-85 1-33 (40 minutes) 
ove * After 4 hour, 
‘or 


re- § for various times is given for each oil (Table II). The data were 
ies | Obtained in the followingform. The time of making contact between 


584 POUND: INTERFACIAL TENSION. 


the second liquid and the water was noted, and after allowing the 
former five or ten minutes to attain the temperature of the thermo. 
stat it was slowly brought to rest at a first position in the apparatus 
so that the levels of the interfaces within and without the capillary 
could be read. The time of reaching this first position was noted; 
thereafter, as long as more water was not run or siphoned out of the 
apparatus, the level of the outer interface was constant, but that 
of the inner interface was in general not constant, the difference 
tending to diminish. For a pure liquid, the data would be as 
shown : 


Interfacial tension of carbon disulphide—water at 30°. Apparatus 1. 


First position reached ten minutes after contact. 


Time of 
reading 
after 
reaching Levels of interfaces : Difference 
Read- _ position within without =h (scale 
Set. ing. (mins.). cap. cap. divisions). Mean, 
1 1 6 94-33 86-58 7:75 
1] 94-40 86-62 7:78 7-75 
3 21 94-26 86-54 7°72 
4 35 94-23 86-48 775 
2 5 8 87-02 79-20 7-82 
6 19 87-02 79-20 7°82 7-83 
7 113 86-92 79-08 7:84 
and so on. 


It will be noticed that the times given for the readings in set | 
are taken from the time of reaching the first position and not from 
the time of contact. The first position is reached in from five to 
ten minutes after contact; but in this time the second liquid will 
scarcely have attained the temperature of the thermostat, and also 
if the second liquid is a viscous one it will lag behind in the capillary, 
and the time before equilibrium is reached will be correspondingly 
greater. In general, after setting the outer or annular meniscus 
in the first position, ten to fifteen minutes elapse before equi- 
librium is obtained in the capillary, and for viscous liquids such as 
the fatty oils a longer time is necessary. It will be seen in the case 
above quoted that after thirty-five minutes the position of the outer 
interface was changed, and after waiting for the capillary interface 
to reach a position of equilibrium a second set of readings was 
obtained. In this case five sets of readings were obtained from five 
positions at various points along the capillary tube, extending, in 
all, over four and a half hours. The mean of each set of readings 
was 7°75, 7°83, 7°85, 7°78, and 7°87, respectively; the general mean 
was 4 = 7°82, from which the interfacial tension was calculated as 


Set 


bo 


~t 
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46°53 dynes percm. The mean of five similar sets of readings made 
in apparatus 2 gave h = 8°72, whence the calculated interfacial 
tension is 46°10 dynes per cm. ; the value quoted in Table I is 46°31, 
the mean of the two experiments. The figures in Table I are the 
means of such duplicate experiments, one in apparatus 1 and one in 
apparatus 2, except for turpentine, amyl and ethyl acetates, and for 
the results at 10°. The differences between such duplicates varied 
between 1 per cent. and 0°1 per cent. of the interfacial tension value ; 
on the whole, the interfacial tensions quoted are accurate to within 
+0°3 per cent. 

For the commercial liquids (Table II) the time of a setting was 
usually several hours—in certain cases days, because here h and 
the interfacial tension decrease usually for hours. The data 
(selected) are given below for peanut oil—water. 


Interfacial tension of peanut oil—water at 30°. Apparatus 1. 


First position reached eight minutes after contact. 


Time of 
reading 
after 
reaching Levels of interfaces : 
position within without Difference 
Set. Reading. (mins.). cap. cap. = hk, 
1 1 10 49-48 56-68 7-20 
2 15 49-60 56-67 7:07 
3 29 49-73 56-68 6-95 
5 60 49-94 56-64 6-70 
7 210 50-59 56-62 6-03 
2 8 14 52-42 58-60 6-18 
10 82 52-60 58-61 6-01 
11 109 52-63 58-60 5-97 
12 1180 53-22 58-60 5-38 
3 13 13 59-17 65-39 6-22 
16 1500 60-21 65°37 5-16 


It will be noticed that on changing the setting the interfacial 
tension or h increases, but never attains the first value; this is the 
usual behaviour—it is even exceptional that reading 13 should be 
higher than reading 8. From a graph showing the relation between 
hand t, the values of h were read after intervals of } hour, 1 hour, 
3 hours, and 18 hours from the time of the first setting. These 
values are given in Table II. In a few cases where the first setting 
was a short one, the figures for the 18-hour column are obtained from 
the second setting, treated as a continuation of the first. The 
figures in the last column (limit) of Table II generally refer to the 
last setting, probably the third or fourth of the series, and to the 
last reading of that setting; but where the last setting has been 
a short run or where other changes have occurred this limiting value 
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may not be actually the last reading. The change of interfacial 
tension with the age of the interface is shown in Fig. 2 in the cases 
of water with peanut oil, castor oil, and B.P. liquid paraffin; the 
numerals give the number of the setting—first, second, or third. 
In these cases of changing (decreasing) interfacial tension it will be 
seen that the rate of change is smaller the older the interface; in 
some cases, a limiting value of the interfacial tension is indicated, 
The change is, of course, due to alteration in the character of the 
interface as the result of (1) physical changes, that is, concentration 
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there of the components of the mixture that give the minimum 


interfacial tension, or (2) chemical changes, for example, the | 


hydrolysis of the fatty oils. Such changes must be referred to 


individually, and as the nature of the material greatly influences — 
the results obtained, it is desirable to indicate this with some © 


completeness. The experiments recorded in Table II were not 


duplicated, except in the case of oleic acid, where the two experiments | 


agreed closely. 
The pure liquids referred to in Table I were all of the highest 
grade obtainable when purchased and were subsequently purified. 


Excepting the paraldehyde, they were all distilled, and a fraction- | 


h for B.P. Paraffin. 


rama cow, 
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ating column was used for all these liquids save for the aniline, 
nitrobenzene, and cresol. Details of each material are appended : 

Benzene.—Commercial benzene was treated with concentrated 
silphuric acid for nine days, washed with water, dried over calcium 
chloride, frozen (the residual liquid being rejected), melted, placed 
over sodium for twenty-four hours, and then distilled from sodium. 
The distillate collected boiled within 0-1°, the average boiling point 
corr.) being 80-0°. Thorpe and Rodger give for benzene the b. p. 
302° and a formula making d* 0-8672 (Phil. Trans., 1894, [A], 
2, 185, 397). Parker and Thompson give for benzene d;* 0-8878 
and d}’ 0-86705 (T., 1922, 121, 1341). The interfacial tension was 
practically constant; in one of the experiments at 30° the value 
after four days was 1 per cent. less than the result quoted. 

Ethyl Ether —This ether had been purified some time previously 
by drying with calcium chloride, with phosphoric oxide for months, 
with sodium for four months, and distilling from phosphoric oxide, 
and was kept in the dark before the present use. It had b. p. 34-6° 
(orr.) and dj? 0-7195, whence are obtained the figures quoted (by 
Qudeman’s coefficients of expansion). In the measurements of 
interfacial tension h is small and the meniscus is somewhat 


| fatter than usual, so the quoted result may be a little high. Of 


course, ether and water are mutually soluble to some extent, which 
tends to make the meniscuses flatter and less sharp. The general 


jmle is for the interfacial tension between two liquids to diminish 
} with rise of temperature, and the exceptional result noticed in this 
} case is explained by the varying solubility of ether and water with 
} the temperature. 


Chloroform.—The best commercial article was repeatedly washed 


with water, once with caustic soda solution, and again with water 
Jand was then dried over calcium chloride and fractionated. The 


distillate collected boiled at 61-0° (corr.); it had d{* 1-49734, whence, 


}by Thorpe and Rodger’s data, d%” 1-4688. The latter observers 
7 give b. p. 61-34° and d* 1-4695, agreeing with Timmermans, Horst, 
Jand Onnes (Compt. rend., 1922, 174, 365). From Herz and Rath- 
qmann’s data (1913), d* 14701. The interfacial tension was 
] practically constant, the mean results being 31-40 and 31-41 dynes 
Jpercm. The chloroform becomes cloudy after an hour or so in the 
| apparatus, but this change does not seem to be reflected in the value 
] of the interfacial tension ; after keeping with water for two months, 
] aslight cloud is noticed at the interface and on disturbing the liquid 
1 the cloud sinks through the chloroform. 


Carbon Tetrachloride—The commercial material was treated with 
caustic soda solution, washed with water, dried with phosphoric 
oxide, and distilled. The distillate collected boiled within 0-1°, 
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the average boiling point (corr.) being 76-5°. Thorpe and Rodger 
give b. p. 76-96° and d;}’ 1-57344, and Timmermans, Horst, and 
Onnes give b. p. 76-75°. Herz and Rathmann give d?’ 1-574, 
which is confirmed by Onnes’s value at 0°. The interfacial tension 
was constant—in one experiment for more than twenty-four hours; 
the duplicate values were 42-62 and 42°88 dynes per cm., the mean 
of which is quoted. 

Carbon Disulphide—The commercial material was shaken with 
mercury and mercuric chloride at intervals during two days and 
filtered on to phosphoric oxide, from which it was afterwards dis. 
tilled. The distillate collected came over within 0-08°, the average 
boiling point (corr.) being 46-45°. Its density, d}*, was found to be 
1-27033, whence, by Thorpe and Rodger’s coefficient of expansion, 
di?’ 1-24774. These workers give b. p. 46-42° and di 1-24726; 
Onnes and his collaborators give b. p. 46°25° and, using Thorpe 


and Rodger’s coefficient of expansion, d? 1-2478. The interfacial | 


tension was constant (see above). 

Toluene.—The commercial material was shaken with phosphoric 
oxide and distilled therefrom after some hours. Two fractions were 
collected, the first boiling within 0-4° with the average b. p. (corr.) 
111-0°, the second boiling within 0-3° with the average b. p. 111:3°. 
The first fraction had d}’ 0-85612, the second had d” 0-85596. 
The interfacial tension at 30° of the first toluene and water was 


found in apparatus 1 to be 34-80 dynes per cm., the mean value of | 


7 settings during six hours, during which the interfacial tension 
decreased slightly (about 1 per cent.); and the interfacial tension 
at 30° of the second toluene and water was found in apparatus 2 
to be 34-40 dynes per cm., the mean of 7 settings of the same accuracy 
as before. In Table I, the mean density, boiling point, and inter- 
facial tension of the two samples are recorded. If either or both 
samples are mixtures, the quoted interfacial tension is probably a 
little low, as a mixture in general has a lower value than its com- 
ponents. Timmermans, Horst, and Onnes give the b. p. of toluene 
as 110-7° and dj; 0-88445, whence, taking the coefficient of expansion 
as 0-00109 (Kaye and Laby’s tables), d}’ 0-8564. 


op SE TE 


Aniline.—Hopkins and Williams’s “ twice distilled aniline” was | 
redistilled, and the pale yellow distillate collected came over within | 
0-5°, the average boiling point (corr.) being 184-2°. The b. p. of | 
aniline is given as 184-36° (Knowles, J. Ind. Eng. Chem., 1920, 12, | 


881), with a density at 15° that makes d3" 1-0136. The interfacial | 
tension decreases slightly with time—by about 1 per cent. of the 


value in three hours in each setting, regaining this amount on 
resetting; the value recorded is the mean of the values obtaining 
to half an hour in all settings. After keeping with water for two 
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months, there was much cloud or white sediment at the interface ; 
the aniline layer was then brown, but the dry aniline stock was only 
straw-yellow. 

Nitrobenzene.—The commercial material was shaken with caustic 
oda solution and with water, dried over calcium chloride, and 
distilled. The bright yellow distillate collected came over within 
|’, the average b. p. being 213-0° (corr.). The interfacial tension 
yas constant for more than fifteen hours; but after the nitrobenzene 
had been in contact with the water for about three hours a white 
substance appeared in it at the interface—both in the annulus and in 
the capillary. The nitrobenzene became cloudy shortly afterwards. 
(n keeping for two months in contact with water, the nitrobenzene 
rmained yellow though cloudy, but that kept dry had become orange. 

Turpentine.—The commercial material was an American turpen- 
tine, [«]* + 0-1°. It was shaken with caustic soda solution and 
with water, and was dried with and distilled over calcium chloride. 
The distillate collected boiled from 159-6° to 161-6°; it was slightly 
milky and was placed over calcium chloride for two days; it had 
then cleared, but had developed a slight yellow tinge; it was 
filtered off and used immediately. It now had [a] +0-7°. In 
the first setting the interfacial tension was constant for more than 


me and a half hours at 23-0 dynes per cm., but thereafter it fell to the 
j value 20-4 in seventeen hours. After the mixture had been kept 


for forty-five hours in the apparatus on the fifth setting, the inter- 
facial tension had risen to 24-5 dynes per cm.; it subsequently fell to 


4 23-0 after the mixture had been kept for sixty-five hours in all in the 
} apparatus. The cause of this rise of interfacial tension with time 
47s possibly oxidation (or hydrolysis?) of some components of 
| the turpentine whereby the liquids at the interface are altered. 

The turpentine and the eucalyptus oils of Table II show a similar 


behaviour. 
Paraldehyde.—The raw material was Morson’s best B.P. paral- 


dehyde; one-third of it was frozen out and the remainder poured 
} of. (The freezing point of the original sample was about 10°.) 
7 The crystallised paraldehyde was melted and used. W. H. Perkin 
7 gives data indicating that his paraldehyde had d} 0-98116 (T., 


1884, 45, 470). The measurements of interfacial tension are com- 


] plicated by the solubility of the paraldehyde in water (1 part in 
7 about 8 parts of water at 30°). The outer meniscus does not remain 

stationary, but rises; also, as the liquids dissolve one another, it is 
] clear that (d — d’) must alter appreciably, since the difference of 
] density is small to begin with. The value recorded may be taken as 


the maximum value, whilst for fresh surfaces the interfacial tension 
may be as low as 9-13 dynes per cm. 
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Amyl Alcohol.—The commercial material was placed over calcium 
chloride, which combined with the water and then with the alcohol, 
and some of the alcoholate dissolved in the liquid, making it more 
viscous. After two days the liquid was filtered hot and then 
fractionated. ‘Two distillates were collected; the first came over 
within 1°3°, its average boiling point (corr.) being 131°1°, whilst the 
second distillate came over within 0°9°, its average boiling point 
being 132°2°; during the distillation further calcium chloride 
separated out. The first sample had di} 0°8053 and [«]}* —1:3°; 
the second sample had d{’ 0°8036 and [«]i;—1:1°. Both samples 
were mixtures of several amyl alcohols, the main component being 
isobutylearbinol, optically inactive or fermentation amyl alcohol. 
For the latter substance Perkin gives b. p. 131°5° and data indicating 
di* 0°8014. The interfacial tension of sample 1 was practically 
constant during nineteen hours, the mean value of four settings 
being given. ‘The interfacial tension of sample 2 decreased slowly, 
giving a value 10 per cent. lower than the recorded figure after 
eighteen hours; the first setting of one hour gave a constant inter- 
facial tension, which is recorded. Both the recorded values may 
be somewhat lower than the interfacial tension of pure isobutyl- 
carbinol. 


Amyl Acetate—The commercial material was washed with | 


caustic soda solution and with water, dried over calcium chloride, 
filtered, and distilled. The distillate collected, a rather small 
fraction, boiled within 1°3° with average b. p. 140°7° (corr.); it 
had [«]i}+0°3°. It is probably mainly isobutylcarbinyl acetate. 
The interfacial tension was constant“during three hours, the mean 
value being recorded; after twenty-one hours, the value was 10°77 
dynes perem. With this liquid, only one experiment was done. 

Ethyl Acetate-—The commercial liquid was washed with sodium 
carbonate solution and with water, dried over calcium chloride, 
filtered off, and fractionated. Two fractions were collected; the 
first came over within 0°5° with average b. p. 76°6° (corr.); the 
second came over within 0:2° with average b. p. 77°0° (corr.). The 
first fraction had d% 0°88567, and its interfacial tension was 5°84 
dynes per cm.; the second fraction had d%’ 088694, and its inter- 
facial tension was 6°27 dynes per cm.; in both cases the value had 
decreased by about 3°5 per cent. after eighteen hours. 

Perkin abandoned fractional distillation as a means of purification 
of ethyl acetate and synthesised it; he found for the pure liquid 
b. p. 77°5° and di’ 0°88818. Timmermans, Horst, and Onnes give 
b. p. 77°15°, and a density at 0° which, by Thorpe’s coefficient of 
expansion, gives d}’ 0°8885. It seems as if our sample of ethyl 
acetate contained alcohol (di 0°78075); but the second fraction was 


almos 
which 
Cre 
distill 
being 
3°, th 
the b 
850 ; 
with 
is pre 
highe 
the fi 
the d 
as th 
hour 
in th 


POUND : INTERFACIAL TENSION. 591 


almost certainly the purer and it gave the higher interfacial tension, 
which therefore is alone recorded in Table I. 

Cresol.—The commercial material was a dark red liquid and was 
distilled slowly, a considerable amount of first distillate and of residue 
being neglected. The light yellow distillate collected came over within 
3°, the mean b. p. being 206°0° (corr.) This is high compared with 
the b. p.’s of o-, m-, and p-cresols given by Campbell (T., 1922, 121, 
850; 192° to 202°). His densities for m- and p-cresols are comparable 
with ours, his density for o-cresol being slightly higher. Our cresol 
is probably a mixture of the three isomerides together with some 
higher homologues. The interfacial tension increases with time; 
the figure recorded is the mean of the values of the first settings of 
the duplicate experiments, 4°41 and 4°15 dynes per cm., respectively, 
as the increase of interfacial tension is not appreciable for the first 
hour; after three hours there is an increase of about 10 per cent. 
in the value, and after eighteen hours an increase of about 20 per 
cent. This behaviour may be due to the solubility of the cresol 
in water, cresol on the average forming a 2} per cent. solution in 
water at 20° (Campbell, loc. cit.). It was noticed that the cresol in 
contact with water darkened in colour more rapidly than that kept 
dry in the stock bottle. 

The liquids referred to in Table II were good commercial materials 


f and were used as obtained. The first eleven liquids are products 


from American petroleum, that is, a Pennsylvanian or paraffin base 
crude oil, which was fractionated and refined by the Vacuum Oil Co. 

The Petrol (motor fuel) was obtained (after refining, etc.) from that 
fraction of the crude petroleum boiling below 150°. The interfacial 
tension of this sample of petrol was constant during more than 
twenty-four hours and showed but a slight lowering after that 
time. 

The Kerosene (illuminating oil) was the product obtained from the 
second distillate of the crude petroleum, namely, that boiling 
between 150° and 300°. The three samples of kerosene were of the 
same brand. Kerosene (1) was purchased locally. It showed a 
low interfacial tension compared with kerosenes (2) and (3), and 
after twenty-four hours the value diminished continuously, becoming 
less than half of the initial value after eleven days. Although 
obtained and used in good faith, it is certain that this sample con- 
tained some impurity (dissolved grease ?) that gave it the low and 
decreasing interfacial tension. Kerosene (2) was a special sample 
obtained from the Vacuum Oil Co. Kerosene (3) was purchased 
locally, the sample being taken from a freshly opened 4-gallon tin 
with precautions to avoid contamination. Its interfacial tension 
decreased slowly. These three examples illustrate the differences 


~~ 
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that may occur with different samples of one substance or product, 
especially when the property under investigation is, like interfacial 
tension with water, one that is markedly influenced by the presence 
of small amounts of impurity. 

The third distillate, that boiling above 300°, of the crude petroleum 
yields on further distillation a high fire-test kerosene, and from 
the residue the various lubricating oils are obtained. 300-Test 
Kerosene is a kerosene with a flash-point about 300° Fahr. Two 
samples were given to the author by the Vacuum Oil Co. Sample (1) 
had the higher initial interfacial tension, and this decreased con. 
tinuously save for temporary rises on fresh settings, as is usual; 
sample (2) had the lower initial interfacial tension, and this decreased 
more rapidly than that of (1). Sample (2) was very faintly yellow 
and slightly opalescent; sample (1) was light yellow and was 
filtered before use. 

Paraffin Oils A, B, and C were lubricating oils presented by the 
Vacuum Oil Co. to the author, whose thanks are due, not only for 
these special petroleum products, but also for several fatty oils and 
for the following information (average values) supplied therewith. 


Viscosity at 40° Flash point (open 


Oil. ee (C.G.S. units). | Cleveland cup), 
300-Test kerosene ............ 0-858 0-0520 270° Fahr. 
ig Le. 0-865 0-116 340 =~, 
ee ee ee 0-890 0-212 405 ,, 
DURE OLE ccecccccsscvctetes 0-908 0-446 435 ,, 


Paraffin Oil A was a lubricating oil for the lightest machinery ; it 
was pale brown by transmitted light and greenish-yellow by reflected 
light (fluorescence or bloom); it had a slight odour like that of 
kerosene. Its interfacial tension changed rapidly at first, but 
more slowly after five hours. 

Paraffin Oil B was a light-machinery lubricating oil. It was 
reddish-brown by transmitted light and greenish-blue by reflected 
light; its odour was very slight indeed. Two samples of this 
material were investigated ; both gave decreasing interfacial tensions, 
but sample B(2) gave a higher value at the start. 

Paraffin Oil C was a medium-machinery lubricating oil. It was red 
by transmitted light and greenish-red by reflected light and was 
practically odourless. Its interfacial tension decreased with time, 
but more slowly than those of the oils A and B; this may be due to 
the fact that the heavier petroleum products are closer fractions, 
containing the fewer individual paraffins. 

B.P. Liquid Paraffin—The British Pharmacopeeia specifies a 
density of 0°860 to 0°890 at the ordinary temperature for this 
material, which is a colourless, viscous liquid, produced by treating 
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an oil like paraffin oil B with fuming sulphuric acid and subse- 
quently filtering through Fuller’s earth. Its interfacial tension 
decreased continuously over a long period; in the second and third 
gttings (at least) the value after the first ten hours or so decreased 
linearly with the time (see figure). 

Two typical samples of eucalyptus oil were used. The Hucalyptus 
(ineole) was given by John Macleod and Co. of Ballarat, whom the 
author has to thank also for the samples of castor and olive oils. 
This eucalyptus oil was pale yellow and was obtained from the 
southern Mallee. It was guaranteed to contain more than 80 per 
cent. of cineole (eucalyptol, C,;9H,,0), the remainder being probably 
chiefly pinene and aromatic aldehydes. This oil had d 0-912 or 
7° 0924. Pure cineole is quoted as having d'? 0°929 and [«]j) + 11°; 
its surface tension at 13° is 29°6 dynes per cm. The interfacial 
tension decreased slowly with time in the first setting of eighteen 
hours ; the next setting gave a slightly higher value, 16-0 dynes per 
em. for the first five hours, after which the interfacial tension 
decreased slowly. 

The Eucalyptus (phellandrene) was a faintly straw-coloured oil 
composed mainly of phellandrene, C,;,H,,, and containing little or no 
cineole. It was obtained from Eucalyptus dives and was presented 
by W. K. Burnside and Co. of Melbourne. Phellandrene is quoted 
as having di? 0°853. This oil had d? 0-849 or di? 0-861, and 
[x] —13°6°; its surface tension at 13° was 28°75 dynes per cm. 
It gave with water an interfacial tension increasing with time. 
After it had been kept for twenty-two hours in the apparatus, the 
interfacial tension for the next setting of three hours was constant 
at 18°7 dynes per cm. 

The T'urpentine was bottled by Winsor and Newton, England; the 
bottle was well corked and sealed, but the sample may have been nine 
years old. It had a pale yellow tinge, and [«]i} + 12°6°, indicating 
that it was probably of Russian or Swedish origin. Its interfacial 
tension was constant for four settings, extending in all over five 
hours, after which time the value increased. This behaviour is 
similar to that of the purified-turpentine and of the eucalyptus 
oils. 

The Oleic Acid was a clear yellowish-brown liquid which was 
wholly solid at winter temperature (about 12°). It gave a practically 
constant interfacial tension for fifteen hours, showing if anything a 
slight increase from the initial value ; thereafter the value diminished 
slightly. 

The remaining samples were typical fatty oils. In these experi- 
ments on interfacial tension evidence was seen of the action of 
water on the oil. A turbidity developed in the oil in the apparatus 
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after a time, and a white material appeared at the outer meniscus § 


and at the glass surfaces in contact with the oil, that is, at the outer 
wall of the capillary tube and the inner surface of the graduated 
tube above the annular interface. Presumably a film of water was 
left between the oil and the glass when the oil was run down into 
position. Hydrolysis of the fatty oils of course gives the fatty acids 
and glycerol; the turbidity may have been due to both of these and 
in addition the glycerol may have passed into the water at the inter. 
face. These changes in the nature of the interface were reflected in 
the lowering of the interfacial tension, although the initial lowering 
may be accounted for by the complex nature of these materials 
and the concentration of the components of lowest interfacial 
tension at the interface. In two experiments (those with neatsfoot 
and maize oil) the interfacial tension fell practically to zero after a 
few hours. In many cases the experiment had to be stopped because 
the turbidity was such as to make further readings impossible. 
The time interval in hours before turbidity appeared in an oil in 
contact with water at 30° was roughly as follows: for maize oil }, 
neatsfoot 4, raw linseed 4, olive 3, peanut 5, rape seed 6, boiled 
linseed 6, and castor oil 300. These times bear no simple relation to 
the common characters of the oils such as their iodine value or acid 
value. 

The Castor Oil was of English manufacture or refining and was 
cold-drawn oil of finest medicinal quality. The interfacial tension 
decreased with time in the usual way, but not rapidly; the initial 
value recorded may be somewhat high, for the oil, on account of its 
great viscosity, lagged behind in the capillary tube and even after half 
an hour may have been above the equilibrium position. During the 
later stages of the later settings the interfacial tension decreased very 
slowly, seeming to reach a limiting value. No turbidity was noticed 
in the oil or at the interface even after fourteen days. 

The Olive Oil was a sample of the best Spanish olive oil. The 
interfacial tension decreased with time. The figures recorded refer 
to the first setting, in which the lowest value was reached; the 
third setting gave after one hour the value 145 dynes per cm., and 
after forty-nine hours 10°3 dynes per cm., but the oil had then been 
turbid for a long time. This means that the contaminated surfaces 
had lower initial interfacial tensions and a slower rate of change than 
the fresh surfaces, but the latter may have been due to mechanical 
restriction of movement only. 

The Peanut Oil, also known as earth-nut or arachis oil, was semi- 
solid at 10°; it was melted and filtered before use, giving a clear 
lemon-yellow liquid with nutty odour. Its interfacial tension 
data have been given at length above. 
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The Rape-sced Oil was clear and orange-coloured—a shade lighter 
than the maize oil. 

The Maize Oil was orange-coloured, with a slight green fluorescence ; 
it was slightly opalescent and smelt like castor oil. After contact 
with water, the oil lost its reddish-brown tint and became yellowish- 
brown. It developed turbidity with the water very rapidly and 
its interfacial tension decreased almost to zero within eight hours, 
the annular meniscus becoming flat and covered with the white 
deposit and then crinkling and moving as a skin. 

The Raw Linseed Oil (1) was a sample bottled by Winsor nll 
Newton, England. It was a perfectly clear, light yellow oil and 
very fluid. It also developed turbidity with great rapidity in con- 
tact with the water. The interfacial tension in the first setting of 
one hour decreased as shown in Table IT; on re-setting, the value 
after a quarter of an hour was 5°3 dynes per cm., from which it fell 
to its initial (set 1) value in nineteen hours. The second-set figures 
are not shown in the table, as they refer evidently to self-contami- 
nated surfaces (compare olive oil). 

The Raw Linseed Oil (2) was a sample drawn from a cask obtained 
from Blundell, England. It was clear yellow and slightly opalescent. 
The initial interfacial tensions recorded may be too high, as a narrow 
capillary tube was used (only) in this experiment. 

The Boiled Linseed Oil, Blundell’s, was somewhat reddish-brown. 

The Neatsfoot Oil was melted and filtered hot, when it formed a 
clear brown liquid. It was rapidly changed by contact with water, 
and its initial low interfacial tension rapidly decreased and after 
forty minutes the oil became so turbid that the experiment had to 
be stopped. 

Table III gives the surface tensions of certain commercial liquids, 
and their initial interfacial tensions with water at various temper- 
atures. In this table, where ‘“ saturated ’’ (sat. or s.) follows the 
name of the oil, the latter was shaken with water beforehand, and 
the determinations were carried out on the oil so saturated with 
water and on the water so saturated with the oil; where “ fresh ”’ 
follows the name of the oil, the determinations were carried out 
on the commercial oil as supplied, and the figures for the water 
refer to distilled water. The figures in brackets are not determin- 
ations, but standard values taken from the usual sources. The 
interfacial tensions refer to a short time, not more than half an hour, 
after setting in the apparatus 3. Table III shows that the inter- . 
facial tensions between these liquids and water are considerably 
smaller than the difference between the surface tensions of the 
mutually saturated liquids or of the fresh liquids. Also the inter- 
facial tensions are smaller than those between the purified liquids 
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TABLE ITI. 


Interfacial tensions of oils, etc. 


Oil (fresh, or Density (*) Density (i) Surface tension 
saturated with of oil, I.T. of water, of oil, of water, 
water). Temp. f.ors. dynes/em. f.ors. f.ors.  f. ors, 


(1) Benzene (sat.) .... 11° 0-8851 22-5 — — — 
(2) Benzene (fr.) ... 18 0-8783 33-3 (0-9986) 28-9 (73-1) 
(3) Carbon tetra- 
chloride (sat.) 13 1-6084 42-7 1-0001 
(4) Turpentine (sat.) 12 0:8707 15-0 0-9997 
(5) Kerosene (sat.) 12 0-8039 19-8 0-9998 
(6) Kerosene (sat.) 15 0-8020 19-0 0-9995 
(7) Kerosene (fr.) 13 0-8035 15-9 (0-9994) 
(8) Toluene (fr.) ... 25 0-8600 31-7 — 
(9) Olive oil (fr.)... 22 0-9114 19-7 


Note: The surface tension of fresh (that is, dry) carbon tetrachloride at 
13° = 28-0 dynes/cm., and of fresh turpentine at 12° = 29-2 dynes/cm. 

In the above table the figures on each horizontal line refer entirely to 
either the fresh liquids or the mutually saturated liquids as stated. 


and water. For example, from Table I, the interfacial tension at 
25° of toluene—water would be 34°9 dynes per cm. (using the benzene- 
water interfacial tension temperature coefficient; see below); in| 
Table III is given the value 31-7. This toluene was the parent of | 
the pure sample of Table I and was itself fairly pure. The benzene 
(2) of Table III was apparently a good commercial sample; its 
interfacial tension was remarkably high. Harkins and Humphrey 
(loc. cit.) give for the interfacial tension of benzene—water the 
formula y = 35°54—0°056¢; this gives yay = 33°86, y1 = 34°53, 
and 749 = 34°98 dynes per cm. Our values for purified benzene | 
are lower than these. The benzene (1) of Table III was a different | 
sample of commercial benzene, and the saturated solutions used | 
here were six weeks old. The turpentine of Table III was the parent | 
of that of Table I. The kerosene of Table III was the kerosene (1) 
of Table IT, and experiment (7) of Table III compares directly with 
that in Table II. Experiment (6) differs from (5) in that the | 
saturated solutions were filtered before use in the former experiment, 
which was made a fortnight later than (5). The interfacial tension 
result in (7) is lower than those in (5) and (6) because impurities, 
concentrating at the interface, directly affect the former, whilst 
they are removed or remain behind in the separating funnel and § 
cannot affect the latter. The olive oil in Table III is the same as 
that in Table II; the interfacial tension at 22° falls rapidly from 
the figure recorded. 

In the case of the pure liquids and water (Table I), the liquids | 
that are appreciably soluble in water tend to give low interfacial 
tensions in contact therewith, or there is a general correspondence 
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between the mutual solubility and the interfacial tension of two 
iquids. Both phenomena are largely influenced by mutually 
attracting groups in the molecules of the two liquids concerned ; 
this view is a combination of the ideas of Young and of Langmuir. 
Thus the behaviour of benzene, toluene, carbon tetrachloride, chloro- 
form, and carbon disulphide, and even of petrol and kerosene, may 
be contrasted with that of aniline, ether, amyl alcohol, and cresol. 
The former are saturated compounds or at least self-satisfied (as 


73-8 
os benzene) or, as it may be put, not prone to exercise secondary 
71.7 @ralencies; they are slightly soluble in water and vice versa, and 
(73-9) Bi their interfacial tensions with water are high. On the other hand, 
725) miline and the oxygen compounds are ;otentially unsaturated and 
tnd to exercise further valencies; they are appreciably soluble in 
— at # water and vice versa, and their interfacial tensions with water are 
rely to ow. The interfacial tension between two liquids, A and B, is given 
by yan = ya — yp (see p. 578). If A stands for water, which has 
the highest surface tension of ordinary liquids, then a low inter- 
lon at H frcial tension between another liquid, B, and water must be due to 
zene- the aqueous solution A’ having a lower surface tension than that of 
); in # vater or to the solution, B’, of water in the liquid B having a higher 
ont of # surface tension than that of the pure liquid B; that is, y, must be 


less than y,, whilst yz, must be greater than yz, or both causes must 
operate. Now, when water dissolves in an organic liquid, the 
increase of surface tension is small. In Reynolds’s results (loc. cit.) 
at about 18°, only two instances of such a rise of surface tension 
occur, namely, with benzene (0-4) and with aniline (0-3 dynes 
pr cm.); with carbon tetrachloride, petrol, and turpentine, on 
saturation with water, there is no change of surface tension, and 
with his other liquids there is a slight fall of 0-1 to 3 dynes per cm.— 
m the average, 0-7 (compare Table III). But the lowering of the 
surface tension of water by the dissolution of even a small amount 
of an organic liquid in it may be large, for example, at 18° the surface 
tension of water is 73 dynes per cm., but on saturation with benzene 
the surface tension, according to Reynolds, becomes 63, with aniline 
46, with ether 28, and with amy] alcohol 26 dynes percm. The last 
two figures are the lowest recorded for such aqueous solutions by 


lst Reynolds (compare Table III). This fall of surface tension is 
and roughly proportional to the amount of the organic liquid that 
48 FH dissolves in the water. Hence a low interfacial tension is determined 
om 


more by the solubility of the organic liquid in the water than by 
that of water in the organic liquid; for example, compare carbon 
disulphide and chloroform—the latter is the more soluble in water 
and hence gives the lower interfacial tension with water, but water 
is more soluble in carbon disulphide than in chloroform. However, 


eben 
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the solubilities of partly miscible liquids generally rise and fall 
together, that is, if the solubility of A in B is large, then that of 
B in A is large also. In conclusion, then, the interfacial tension 
between two liquids, which equals the difference between the 
surface tensions of the mutually saturated liquids, is always the 
less the greater their mutual solubility; and when the mutual 
solubility is marked, the interfacial tension is much less than the 
difference of surface tensions of the pure liquids. The former is 
dependent on certain causes, to which also is due (at least in part) 
the mutual solubility of the liquids, but the interfacial tension 
depends as well on physical and chemical changes at the interface— 
changes of a different order from solution changes, although the 
underlying causes may be the same. The molecules of one liquid 
may be able to arrange themselves economically (that is, in a system 
of minimum potential energy) with those of a second liquid at an 
interface, without being able to intermingle freely with the latter; 
the former may be able to accommodate themselves to the latter at 
an interface (of approximately two dimensions) but not in a volume 
(that is, in three dimensions). 

With the paraffin oils of Table II the interfacial tension is some- 
times high, which probably is the normal behaviour of a pure 
paraffin (single substance) insoluble in water (compare Harkins, 
loc. cit., who gives the interfacial tension of hexane—water as 49-5 
dynes per cm. at 25°). The low interfacial tensions of most of these 
paraffin oils are probably due to their being complex mixtures and 
to the physical concentration at the interface of the components of 
lowest interfacial tension, or to the arrangement of the molecules 
at the interface in the configuration of least interfacial energy. Such 
a configuration is to be considered as a dynamic system and not as a 
static condition of the molecules. In this case a small amount of 
an impurity may well make a considerable difference in the system 
or in its stability and hence in the variation and diminution of the 
interfacial tension with time. It is well known that a mixture has 
this accommodating power of surface energy, for example, soap films, 
and stable froths on solutions. The eucalyptus oils and turpentine 
are appreciably soluble in water and therefore their interfacial 
tensions are low. In the case of the fatty oils, the low interfacial 
tension must be ascribed in the first place to their being complex 
mixtures and in the second place to their hydrolysis with water. 
No data could be found on the rate of saponification of the fatty 
oils with water at low temperatures. Lewkowitsch, in experiments 
on the hydrolysis of fats and oils by dilute acids at the boiling point, 
points out that castor oil is very slowly acted on compared with 
rape and other oils, and also that rapid saponification is usually, if 


1 fall 
at of 
nsion 
| the 
s the 
utual 
1 the 
er is 
part) 
nsion 
ce— 
1 the 
quid 
stem 
it an 
tter ; 
er at 
lume 


yme- 
pure 
kins, 
49-5 
hese 
and 
ts of 
ules 
such 
as a 
t of 
tem 
the 
has 
[ms, 
tine 
cial 
cial 
lex 
ter. 


POUND : INTERFACIAL TENSION. 599 


not always, dependent on emulsification, indicating that at the 
interface between the oil and the water saponification is rapid. 
That chemical action is rapid at the boundary of two phases is now 
yell recognised, the catalytic action of surfaces being due to inter- 
facial concentration, condensation, or absorption, all of which 
are related to changes in interfacial energy. Certainly the oils that 
the soonest gave evidence of hydrolysis at the interface were those 
of the lowest and of the most rapidly diminishing interfacial tension. 


Summary. 


The interfacial tensions of pure liquids in contact with water 
are constant at one temperature. The author’s values are in 
general agreement with previous determinations. The interfacial 
tension between two liquids is the less the greater their mutual 
solubility. 

The interfacial tensions of commercial liquids or oils in contact 
with water usually vary with the age of the interface; they nearly 
always decrease with time. In these cases the interfacial tensions 
are less than the difference of the surface tensions of the saturated 
liquids. The diminution of interfacial tension with time is pro- 
nounced even when chemical action between the liquids is im- 
probable, for example, with paraffinic oils and water. It may be 
concluded that a mixture (of oils) will always give a variable inter- 
facial tension with water due to physical concentration at the 
interface of the components giving the lowest interfacial tension. 
Further, when chemical change occurs at the interface, the tension 
will alter; in particular the fatty oils suffer hydrolysis in contact 
with water, and the resulting changes at the interface help in the 
lowering of the interfacial tension. The rate of lowering of inter- 
facial tension frequently becomes slower as the interface ages; 
however, it can scarcely be said that there is any inferior limit to 
interfacial tension but zero. 


In conclusion, the author desires to thank those firms who 
kindly gave samples of oils, especially the Vacuum Oil Co. of 
Melbourne. 


THE ScHOOL OF MINES, 
BALLARAT, VICTORIA. (Received, December 28th, 1922.] 
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LXXI.—Rotatory Dispersion of the Esters of Lactic 
Acid. Part I. Normal Esters. 


By CuarRLEs EpmMunD Woop, JoHN Epwarp Sucu, and FRrayx 
ScaRF. 


THIs investigation deals with the normal alkyl /-lactates from the 
methyl to the nony]l ester inclusive. 

The esters of lactic acid have been the subject of many investi. 
gations, notably by Purdie and Walker (T., 1892, 61, 754; 1893, 


Fic. 1. 
Normal alkyl lactates. 
48 , aa 


Molecular rotation. 
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63, 1143; 1895, 67, 616, 916), Purdie and Williamson (T., 1896, 69, 
818), Purdie and Irvine (T., 1899, 75, 484), Frankland (T., 1899, 
75, 357), Patterson (T., 1913, 103, 2263), and Guye and Wassmer 
(J. Chim. Phys., 1903, i, 257), but little comprehensive data dealing 
with the effects of temperature and change of wave-length on the 
optical properties are known for the series. Particular interest 
attaches to this typical homologous series, because each member 
is derived from the simplest active acid known, which possesses 
one asymmetric carbon atom only. 

All the results given by Guye and Wassmer (loc. cit.) were obtained 
by calculation, because the initial products used in the preparation 
of the esters were only partly active. The reason for this is that 
a more complete resolution of lactic acid can be performed by the 
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yse of morphine than by the older method of the fractional crystallis- 
ation of the zinc ammonium salts. In the work now described, 
the rotatory power of the n-propyl and n-butyl esters was higher, 
and the rotations of the n-heptyl and n-octyl esters were lower, 
than the calculated values obtained by Guye. With regard to the 
last two esters, no mention is made by the above authors of the 
source or boiling points of the respective alcohols employed; more- 
over, the low boiling point of the octyl ester would appear to indicate 
the presence of branched-chain compounds in their ester. 

A further point of interest is that Guye obtained dispersion ratios 
by means of light filters of different solutions. 

The various other workers who have prepared the methyl and 
ethyl derivatives are referred to in the experimental section, where 
their results are compared with the values obtained by us. 


Molecular rotatory power of different esters for certain wave-lengths 


(Fig. 1). 
[Mjy’. [My,”. 
Alkyl . 
Llactate. A 6563. 5893. 5086. 4455. 6563. 5893. 5086. 4455. 
Methyl ...... +6-97° 859° 10-68° 12-18° 8-89° 11-26° 14-70° 17-84° 
Ethyl......... 10°85 13-37 17:13 20-72 13-28 16-47 21-40 }}§26-05 
nPropyl ... 14:05 17-44 23:02 2837 15:89 19-56 2638 32-81 
nButyl ... 16:06 19:58 25-72 31-76 17:65 22:05 29:39 37-45 
nAmyl ... 16:17 20-16 26-68 33-07 18-24 22-51 30-08 , 38-00 


nHexyl ... 17:53 21-25 28:03 35:10 20-71 25:40 34-00 {42-45 
n-Heptyl ... 17:00 21-33 28-41 35:48 18-73 23-54 31-62 39-63 
n-Octyl ... 15:24 18-91 24-90 31:72 16-50 20-83 27-88 36-77 
nNonyl ... 16:40 19-85 26:80 33-50 18:80 23:27 31-40 39-75 


The series of normal esters gives molecular rotations which lie 
on a depressed curve for each of the above wave-lengths for the 
two temperatures recorded. The curves become more divergent 
as the molecular weight increases up to the hexyl or heptyl ester, 
and then tend to become parallel towards the nonyl ester. They 
all pass through a maximum value which persists (as far as our 
experiments show) at the hexyl ester, except for the lower temper- 
ature, in which case the molecular rotation increases slightly on pass- 
ing from the hexyl to the heptyl member, for wave-lengths up to 
5893 A.U. The maxima become more pronounced at higher tem- 
peratures and on passingfrom the red to the blue end of the spectrum. 

It is possible that exaltation in rotatory power may be produced 
by a chain of five atoms returning upon itself, even when one carbon 
atom is replaced by oxygen. This may explain the maximum 
occurring at the hexyl ester, which contains a chain of ten atoms. 
No conclusion may be drawn in this way concerning the methyl 
ester, a five-atom chain compound, as it is the first member of the 
series. The similarity in the properties of the methyl and the 
VOL. CXXIII. x 
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amyl ester is dealt with in the experimental section; the abnor. 
mality in their behaviour may be due to the fact that they terminate 
at approximately corresponding points on the helical carbon 
chain. 

Guye gives the following table of molecular rotations : 


Propyl n-Butyl Heptyl Octyl 
: d-lactate. l-lactate. d-lactate. d-lactate. 
(M}t —15-9° (¢°=18) +17-0° (#@=17) —27-2° (t°=20) —28-9° (t°=18) 


All these figures are the result of calculations based on the per. 
centage of water of crystallisation in the active materials employed, 
to correct for partial inactivity, and it is clear that they are open 
to criticism. These values (Fig. 1) lie on a broken curve, from 
which it is scarcely possible to predict, as Guye did, that ‘“ The 
values for the molecular rotations of the homologous lactic esters 
tend to a limiting value in the neighbourhood of the octyl ester,” 
In all probability the reason for the rapid increase from the numerical 
value 17-0° for the n-butyl ester to the numerical value 27-2° for the 
n-heptyl ester, as well as for the high values obtained for the hepty] 
and octyl esters, respectively, lies in the fact that a small quantity 
of anhydride, or lactide, having a high rotation, was present; 
repeated fractional vacuum distillation of the small volumes of 
esters (3—5 c.c.) used by the above author must have been exceed- 
ingly difficult. The curves obtained by us are of a more continuous 
nature and show distinct maxima at the hexy] ester. 


The Effect of Temperature on the Rotation. 


The effect of temperature on the rotatory power of the individual 
esters is small. The rotatory power generally increases with 
temperature, the more rapidly the smaller the wave-length. 

The esters form a series reaching maximum specific rotation at 
the butyl ester, thence decreasing in natural order to the nony] ester, 
but the maximum molecular rotation occurs at the hexyl ester. 
Increase of temperature appears to affect the rotatory power of the 
lower esters more than that of the higher members. The curves 
for methyl lactate are practically straight lines, the curvature of 
which is only noticeable when drawn on a large scale. The curves 
for the remaining esters are flat, and maxima are shown by the butyl 
and octyl esters for certain wave-lengths. These maxima are dis- 
placed, in a similar way to the temperature-rotation maxima of 
ethyl tartrate, to the higher temperature with decrease in wave- 
length. Difficulty was experienced in taking readings at high 
temperatures on account of the esters evaporating so quickly in 
the neighbourhood of their boiling points that before constant tem- 
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perature was attained, loss of the ester rendered observation of 
rotation impossible. 

The movement of the maxima for the two esters mentioned is 
given in the following table, this movement being approximately 


linear. 


n-Butyl lactate. n-Octyl lactate. 
Maxima occur at A. Maxima occur at 
113—115° 6708 108° 
116 6563 114 
117 6438 120 
120 5893 
121 5590 


In the case of the amyl and heptyl esters, the maxima are dis- 
placed, for the range of temperature considered, to a higher wave- 
length in the red; both esters, however, are approaching maxima, 
as is shown by the flatness of the curves. 

It may be mentioned here that a number of intersections (maxima 
in temperature—rotation curves) occur between the rotation (1-dem.)- 
wave-length curves for different temperatures which disappear in 
the specific rotation—wave-length curves. 


Rotatory Dispersion. 


The rotatory dispersion curves for the ethyl ester given in Fig. 2 
are typical of all the esters here described.. In the case of the ethyl 
ester (similar to those of the methyl, propyl, amyl, hexyl, heptyl, 
and nonyl compounds), increase of temperature causes increase 
in rotation throughout the range of temperature considered, but in 
the case of the butyl ester (similar to that of the octyl compound) 
the dispersion curve for 126-1° lies below that for 104-5°, crosses 
it at 4 5590 A.U., and proceeds to the blue end of the spectrum, 
thus indicating maxima for all wave-lengths greater than \ 5590 A.U. 
in the temperature—rotation curves. 

The rotatory dispersion exhibited by all the esters is of the same 
type, namely, normal and complex. 

The points obtained by applying the usual test for complexity— 
plotting the reciprocal of the specific rotation against the square 
of the wave-length—do not lie on a straight line. If the curves be 
drawn for three different temperatures, namely, 20°, 60°, and 100°, 
it will be seen that a difference in sensitiveness to temperature is 
indicated between the ethyl and butyl esters by the increased 
proximity of the curves. For each individual ester rise of temper- 
ature causes slightly less curvature of the dispersion curves, but they 
are far from straight lines. It is of interest that such a simple 
series of esters, each member containing only one asymmetric 


carbon atom, exhibits complex rotatory dispersion, This complexity 
y2 
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may be due to (1) the persistently low rotation of the esters * (com. 
pare Frankland and Garner, T., 1919, 115, 636, who state that, 
with respect to anomalous rotatory dispersion, “the further the 


Fic. 2. 
Ethyl lactate. 
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* From the form of the curve a = ¢/(A? — A,2), according as the constants ¢ 
and A, are real, positive, negative or imaginary, it can be shown that in no 
case can the above relation give a curve (a plotted against a) which cuts 
the axis, unless c = 0; the curve then becomes the three straight lines 
a(A? — Ao?) = 0. Accordingly we should expect the above relationship, 
employed as a criterion of simplicity, to break down when it is applied to 
substances which give curves crossing the zero axis of rotation (plotting a 
against A) or which would cross it if the experimental field were realisable. 

It is therefore reasonable to suppose that the nearer the curves (a against A) 
approach the zero axis, that is, the smaller the rotation of the substance, the 
less likely is it that the above test will show the substance to be simple with 
regard to optical rotatory dispersion. 
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rotation is removed from the zero line, by raising the temperature, 
the more simple (or less complex) does the rotation become,” (2) 
the influence of the hydroxyl group attached to the asymmetric 


carbon atom. 
Dispersion Ratios. 


Temperature 20°. 


Alkyl /-lactate. A 6708. A 5893. a 5461. A 5086. A 4359. 
Methyl .....seeeceeeee 0-683 0-883 1 1-102 1-280 
Bthyl ..-cccccscecseeees 0-680 0-873 id 1-119 1-302 
Propyl .-eereeseeeeeee 0-671 0-868 - 1-144 1-461 
BURFI ccvccccccccccccese 0-674 0-868 or 1-136 1-445 
Amy] ..cccccssccccevees 0-663 0-862 os 1-142 1-461 « 
Hoxy] ...sccsevrcecceves 0-686 0-864 - 1-139 1-472 
eee 0-666 0-861 “ 1-146 1-472 
Qotyl ..cccccccccccecces 0-673 0-863 és 1-142 1-496 
NOG ccecsigestscncesece 0-679 0-854 - 1-153 1-486 

Temperature 110°. 
i 0-647 0-869 1 1-132 1-375 
BNE Sicesveceddasueses 0-671 0-869 a 1-130 1-413 
BING «nc ccsesevs sees 0-670 0-851 ‘ 1-156 1-491 
ME ssesssossnessivses 0-657 0-856 . 1-138 1-501 
EAT saneicansesseeeses 0-661 0-853 5 1-137 1-481 
RSs sorters ipseeeees 0-676 0-864 a 1-156 1-490 
DEY. scnseesescctess 0-652 0-859 et 1-148 1-495 
REE conssuincwnr vetoes 0-650 0-859 i 1-147 1-570 
PEA ssandecscsecessaen 0-659 0-852 “ 1-150 1-513 


The dispersion ratios for the series given in the above table show, 
with slight exceptions in the cases of the octyl and hexyl esters at 
110°, which might be due to experimental error, that the value 
of the ratios for the wave-lengths given tends to become sensibly 
constant after the amyl member has been reached. Thus the sub- 
stitution of one alkyl radicle for another in this series has apparently 
little effect on the value of the dispersion ratios. 

The points on the characteristic diagram representing the rotations 
of n-octyl J-lactate at the higher temperatures do not fall on straight 
lines for the respective wave-lengths. This divergence is due to the 
maximum points for the specific rotations being reached at different 
temperatures for different wave-lengths. This ester thus shows very 
dearly that the points on the characteristic diagram cease to lie on 
straight lines when the maximum points are reached in the tempera- 
ture-rotation curves; in fact, the diagram itself is only a tempera- 
ture-rotation diagram for the ester, with the curvature of all the 
lines for different wave-lengths referred to a standard wave-length 
(5461 A.U.) which, by definition, is a straight line at 45°. 

In the case of the n-butyl ester a similar result was obtained, but 
in all cases where the temperature—rotation curves did not approach 
> aaa their characteristic diagrams were obtained, giving straight 
nes, 
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These investigations were carried out with a Schmidt and Hantsch 
polarimeter with a triple field, which was fitted with a direct vision 
spectroscope of the same make. The source of light consisted of an 
oxygen-coal gas flame, which impinged horizontally on a flat, 
vertical surface of thorium oxide, giving an intensely brilliant white 
light. ‘The spectroscope was calibrated by means of Hartmann’s 
dispersion formula (Astrophys. J., 1898, 8, 218), the error being less 
than 1 A.U. Our calibration of the instrument agreed, within 
experimental error, with that given by Schmidt and Hantsch. 

The errors in rotation measurements are greatest in the extreme 
red and violet ends of the spectrum, due to rapid falling off in lumi. 
osity of the field; the order of possible errors being 0-04° in the red 
part (A 6708), 0-02° in the yellow (A 5893), 0-04—0-05° in the blue 
(A 4678), and 0-1° in the violet (A 4359). The thermometers used 
were calibrated by reference to the University standards. 

In all cases where rotation readings were taken of an ester exposed 
to a high temperature, the rotation value of the same specimen was 
determined at a low temperature and its rotation confirmed by means 
of the temperature-rotation curve. Also in the cases where maxima 
occurred in these curves, several unrecorded confirmatory sets of 
readings at temperatures in the neighbourhood of these maxima 
were taken. 


EXPERIMENTAL. 


Resolution of Lactic Acid.—The lactic acid used in these investig- 
ations was resolved by the fractional crystallisation of its morphine 
salt (Patterson, T., 1913, 103, 2263) with the following slight 
modification. 

Seventy-five c.c. of the syrupy acid (d 1-21) were boiled under 
reflux with 912 c.c. of water for 6—10 hours. To half of the solution, 
while still hot, 140 grams of morphine were added, the other half 
was neutralised with its equivalent of caustic soda (18-52 grams), 
and the solutions were mixed. On cooling and by evaporation, 
three crops of crystals of morphine /-lactate were obtained, which 
were crystallised twice from water. The salt was dissolved in warm 
water and ammonia added until all the alkaloid was precipitated. 
The morphine was filtered off and the solution of ammonium lactate 
was converted into its zinc salt. 

Preliminary investigations showed that a salt of lactic acid was 
preferable to the free acid for esterification. The best results were 
obtained by the use of the zinc ammonium compound. 

The solution of the ammonium salt was boiled with an excess 
of zinc oxide until the smell of ammonia was scarcely perceptible. 
The excess of zinc oxide was filtered off and on evaporation of the 
filtrate the zinc ammonium lactate crystallised out. This was 
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recrystallised from a small quantity of water and used in the 
preparation of the esters. 

Rotation.—The zinc ammonium /-lactate gave [«]jf (in ammoni- 
acal solution) + 10-09° (concentration of the salt 3-47 grams in 
50c.c.). Patterson’s value is [«]}j* + 10-09° (concentration of the 
salt 4 grams in 50 c.c.). 

Methyl 1-Lactate—To 25 grams of dry zinc ammonium /-lactate 
and 100 c.c. of dry methyl alcohol, 19-25 grams of concentrated 
sulphuric acid were slowly added. The mixture was heated on 
the water-bath for four hours, allowed to cool, the excess of sulphuric 
acid neutralised with finely powdered potassium carbonate, and 
the solution filtered from salts, which were extracted with dry ether. 
The solvents having been removed, the residue was distilled in a 
vacuum. After four fractionations, the ester had b. p. 32—33°/8 mm. 
(oil-bath temperature 70—75°). Yield 11 grams (55 per cent. 
of the theoretical). 

There is much variation in the value of the optical rotation of 
the ester, as given by different workers. 


[a]. f°. Cie 
Frankland ............ —15-00° 15° 1-1017 P., 1895, 11, 54. 
eee —11-10 13 1-100 T., 1895, 68, 914. 
ae + 8-10 16-7 1-0971 T., 1913, 108, 2263. 
+ 9-32 56-0 1-0518 : os 
Present authors ...... + 8-15 16-7 1-0970 
+ 9-44 56 1-0509 


A peculiarity was noticed in the optical behaviour of one sample 
of the ester which had been kept for several days in a vacuum 
desiccator. The rotation of the ester ([«]j7 + 8-22°) increased in 
fifteen days to nearly twice this value ([«]f + 14-20°). This was 
possibly due to the formation of a lactide having a high rotation 
(Irving, T., 1899, 72, 484). 

Densities determined : 
| ESE 10-72 260° «52-42 82-72 —s«19-0° 
Ti. sasescrscnsnensensosonnnenie 1-1037 1-0857 1-0556 1-0208 0-9782 


The ester has complex rotatory dispersion. 

Temp. i Temp. aie Temp. ae 
A (in 11-9°, 1-1023. 16-5°. 1-0970. 27-3°. 1-0841, 
AU.). a(1dem.). [aJ!®. a(ldem.). [aJ®™. a(ldem.). [alf*. 
6708 + 6-82° +6-19° +6-97° +6-35° -+7-16° +6-59° 


6563 7-17 6-51 7-29 6-65 7-50 6-92 
6438 7-51 6-82 7-61 6-94 7-81 7-21 
6152 8-22 7-46 8-33 7-60 8-54 7-88 
5893 8-82 8-01 8-92 8-14 9-21 8-50 
5590 9-60 8-71 9-74 8-87 10-06 9-28 
5324 10-36 9-40 10-52 9-59 10-83 9-99 
5086 10-97 9-95 11-15 10-16 11-52 10-63 
4861 11-49 10-43 11-71 10-67 12-10 11-16 
4678 11-87 10-77 12-10 11-03 12-55 11-58 


4455 12-30 11-16 12-56 1]-45 13-12 12-10 
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Temp, ae* Temp. a? Temp. Fr 
56-5°, 1-0509. 84-9°, 1-0184. 115-3°. 0-9826 


A a(Ldem.). [aj*. a (1dem.). [af!*. «(1dem.), [aj!*, 
6708 +7-51° +7-15° +-7-90° +7-76° a 4 +8-23° 


6563 7-90 7-51 8-28 8-13 3 8-69 
6438 8-25 7°85 8-69 8-54 8-94 9-10 
6152 9-06 8-63 9-55 9-37 9-89 10-07 
5893 9-92 9-44 10-49 10-30 10-91 11-10 
5590 10-82 10-29 11-54 11-33 12-10 12-31 
5324 11-69 11-12 12-52 12-29 13-22 13-46 
5086 12-51 11-90 13-47 13-23 14-27 14-52 
4861 13-23 12-59 14-37 14-11 15-28 15-55 
4678 13-85 13-18 15-10 14-83 16-13 16-41 
4455 14-60 13-90 15-95 15-66 17-13 17-43 


Ethyl \-Lactate——A mixture of 36 grams of dry zinc ammonium 
l-lactate, 195 c.c. of dry ethyl alcohol, and 27-8 grams of concentrated 
sulphuric acid was heated under reflux for four hours and treated 
as described for the methyl ester. Four fractional vacuum dis. 
tillations yielded a product, b. p. 53°/15 mm. (oil-bath temperature 
90—95°). Yield 13 grams (72 per cent. of the theoretical). 

The data available for this ester are as follows : 


. t°. [a]. d'.. 

Purdie and Williamson (T., 1899, Ag salt 14° —13-46° 1-0415 

Sk eee Acid and alcohol 14 —10-33 = 11-0423 
Walker (T., 1895, 67, 919)... Ag salt 19 +14-52 = 1-030 
Klimenko (J. Russ. Chem. Soc., 

Ce Re) Eee Ag salt — — 14-90 
Purdie and Irvine (T., 1899, 

[ae Saree 20 — 825 1-0925 
Frankland and Henderson (P., 

PAOD AEs DE). scoecnes eecesesnee 15 —17-:90 1-0414 
PEOSENU GUUNOTS’ ..0....0cccsceceee 18-9 -+11-26 = 1-0345 


The ester prepared by the silver salt method gives high rotations 
due to the formation of an ether. 
Densities determined : 


Be. Madarisnisncbeaeceerne’s 7-15° 20-4° 40° 77°2° 119-6° 
i clecniicsainbepiistowtah 1-0471 1-0324 1-0103 0:9688 0-9198 
The ester exhibits complex rotatory dispersion. 
Temp. Fal Temp. arr Temp. ad 
8-5°. 1-0461. 18-9°, 1-0346. 53°. 0-9953. 


A. a(1dem.). [a}\®. a(1dem.). [aJ®*, a(ldem.). [ajj’. 
6708 +883° +844° +9:06° +8-76° +9-61° +9-66° 


6563 9-22 8-81 9-50 9-18 10-03 10-08 
6438 9-62 9-20 9-90 9-57 10-41 10-46 
6152 10-50 10-04 10-77 10-41 11-40 11-46 
5893 11-38 10-88 11-65 11-27 12-32 12-38 
5590 12-52 11-97 12-81 12-39 13-63 13-69 
5324 13-52 12-92 13-87 13-41 14-82 14-89 
5086 14-52 13-88 14-94 14-44 15-99 16-07 
4861 15-44 14-76 15-92 15-38 17-14 17-22 
4678 16-33 15-61 16-88 16-32 18-25 18-34 
4455 17-42 16-65 18-03 17-43 19-55 19-64 


4359 17-95 17-16 18-57 17-95 20-11 20-20 


— 
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A. 


6708 
6563 
6438 
6152 
5893 
5590 
5324 
5086 
4861 
4678 
4455 
4359 


Temp. 
84°, 

a (1 dem.). . 
+9-94° 
10:34 
10-74 
11-74 
12-75 
14-06 
15:34 
16-59 
17-79 
18-91 
20-27 
20-90 


& Temp. aq 
0-9607. 113-7°, 0-9261. 


[ay a (1 dem.). [ay}*". 
+-10-35°: + 10-06° +-10-86° 


10-76 10-45 11-31 
11-18 10-84 11-71 
12-22 11-94 12-89 
13-27 13-02 14-06 
14-63 14-37 15-52 
15-96 15-60 16-85 
17-27 16-89 18-23 
18-52 18-09 19-53 
19-68 19-21 20-74 
21-09 20-56 22-20 
21-75 21-17 22-86 


n-Propyl |-Lactate——This ester was prepared from 41 grams of 
dry zinc ammonium /-lactate, 40 grams of -propyl alcohol, and 
285 grams of concentrated sulphuric acid in a yield of 23 grams 
(52 per cent. of the theoretical). The ester was distilled four times 
in a vacuum, and then had b. p. 70—71°/16 mm. (oil-bath temper- 
ature 100°). 


Comparative table of data for the ester. 


eeesceceee 


eeerereeeesece 


eeeeeecesccese 


2-2° 
1-0203 


Wassmer and Guye. Present authors. 
60—61°/10—11 mm. 70—71°/16 mm. 
0-994 1-0055 
0-957 0-9660 
— 5-08° (in }-dem. tube) +6-60° 
— 10-23° +13-13° 
— 13-50° +17-37° 


17-0° 49-76° 87-99° 122-1° 
1-0055 0-9717 0-9316 0-8965 


The ester exhibits complex rotatory dispersion. 


A. 
6708 
6563 
6438 
6152 
5893 
5590 
5461 
5324 
5086 
4861 
4678 
4455 
4359 


Temp. dy 
3-5°. 1-0191. 
a(ldem.). [aj,”. 
+10-16°  +9-97° 
10-58 10-38 
11-08 10-87 
12-06 11-83 
13-14 12-89 
14-44 14-17 
15-11 14-83 
15-97 15-67 
17-27 16-94 
18-65 18-31 
19-81 19-44 
21-28 20-88 
21-85 21-44 


Temp. £* Temp. de ; 

27-9°. 0-9940. 68°. 0-9523. 
a(ldem.). [ajf’*. a(ldem.). [aJ®. 
+10-27° +10-33° +10-34° +10-86° 


10-69 10-75 10-80 11-34 
11-18 11-25 11-23 11-79 
12-19 12-26 12-26 12-87 
13-27 13-36 13-36 14-03 
14-60 14-69 14-74 15-48 
15-26 15-35 15-47 16-24 
16-06 16-16 16-32 17-14 
17-54 17-65 17-82 18-74 
18-94 19-05 19-37 20-34 
20-21 20-33 20-62 21-65 
21-71 21-84 22-15 23-26 
22-34 22-53 22-94 24-09 


y* 
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Temp. ay" i Temp. Pl 

102-1°. 0-9170. 115-7°. 0-9030. 

x. a (1 dem.). (a). a(ldcem.). [a]. 

6708 +10-40° +11-33° +10-43° +11-56° 
6563 10-90 11-89 10-96 12-14 
6438 11-26 12-28 11-34 12-56 
6152 12-40 13-52 12-46 13-80 
5893 13-42 14-63 13-48 14-93 
5590 14-90 16-25 14-94 16-54 
5461 15-63 17-05 15-73 17-42 
5324 16-47 17-96 16-55 18-33 
5086 18-13 19-77 18-18 20-13 
4861 19-67 21-45 19-78 21-91 
4678 20-97 22-82 21-13 23-40 
4455 22-49 24-53 22-63 25-05 
4359 23-32 25-43 23-48 26-00 


n-Butyl |-Lactate.—To 32°5 grams of dry zinc ammonium /-lactate, 
mixed with 100 grams of n-butyl alcohol (b. p. 118°/747 mm.), 14 c.c. 
of concentrated sulphuric acid were slowly added, the mixture 
being then heated on a water-bath for five hours and subsequently 
treated as in the cases of the esters previously described. After 
four vacuum fractionations, the ester was obtained, b. p. 77°/10 mm. 
(oil-bath temperature 110°). The ester is a highly refractive, 
sweet-smelling, colourless liquid. Yield 12 grams (40 per cent. 
of the theoretical). Wassmer and Guye (loc. cit.) give the following 
data for this ester: B. p. 70—73°/10—11 mm.; [a]j” + 11°7°; 
1°” 0°9850 (the rotation given includes a correction of + 126° for 
partial inactivity of the materials used in the formation of the ester). 
Our values are: [«]i” + 14°7°; dj?” 0°9856. 
Densities determined : 


1° seveeesereeeeeeeee 8-4° 27-6° 54-8° 80-0° 100-3° 136-8° 
TE skcciensetetinde 0-9937  0-9744 0-9475 0-9227 0-9020 0-8651 


The ester is complex in rotatory dispersion, and maxima occur 
in the temperature—rotation curves. 


Temp. ay* Temp. d* Temp. & 
10:4°. 0-9919. 273°. 0-9748. 57-8°. 0-9446. 
A. a(ldem.). [a}°“. a(ldem.). [af’*. a(ldem.). [ajf’®. 
6708 +10-14° +10-22° +10-29° +10-56° +410-41° +11-02° 


6563 10-60 10-69 10-72 11-10 10-85 11-48 
6438 11-01 11-12 11-16 11-45 11-31 11-98 
6152 12-05 12-18 12-21 12-53 12-41 13-14 
5893 13-04 13-18 13-28 13-63 13-50 14-30 
5590 14-42 14-54 14-66 15-03 14-92 15-80 
5324 15-77 15-88 16-06 16-47 16-45 17-41 
5086 17°18 17-28 17-45 17-90 17-87 18-92 
4861 18-54 18-70 18-88 19-37 19-38 20-52 
4678 19-72 19-87 20-09 20-61 20-73 21-90 
4455 21-17 21-34 21-62 22-17 22-36 23-67 


4359 21-80 21-98 22-20 22-78 22-95 24-30 


‘ur 
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Temp. dy Temp. dy’* Temp. Fal 
91:3°. 0-9110.  104-5°. 0-8977. 126-1°. 0-8758, 
a. a(ldem.). [af'®. a(ldem.). [aJ\*. a«(1dem.). [a],*”. 
6708 +10-47° +11-48° +1087° +11-55° +10-06° +11-49° 


6563 10-94 12-01 *84 12-08 10-57 12-07 
6438 11-43 12-55 11-32 12-61 11-04 12-60 
6152 12-54 13-77 12-46 13-88 12-18 13-91 
5893 13-71 15-05 13-55 15-10 13-21 15-09 
5590 15-15 16-62 15-06 16-77 14-68 16,77 
5324 16-63 18-26 16-59 18-48 16-20 18-50 
5086 18-09 19-86 18-05 20-10 17-71 20-20 
4861 19-72 21-65 19-65 21-90 19-22 21-95 
4678 21-11 23°17 21-06 23-46 20-68 23-61 
4455 23-00 25-25 23-02 25-59 22-50 25-70 
4359 23-72 26-04 23-74 26-45 23-32 26-63 


n-Amyl 1-Lactate——This was prepared from 22 grams of dry zine 
ammonium /-lactate, 48 grams of n-amyl] alcohol (b. p. 137°1°/750 
mm.), and 10°8 c.c. of concentrated sulphuric acid as in the case 
of the n-butyl ester. After four vacuum distillations, the product 
had b. p. 87°6—87-9°/8—9 mm. Yield of crude ester 16 grams (50 
per cent. of the theoretical). 

No comparative data are available for this ester. The rotation 
after the fourth (and also after a fifth) distillation was «3%, + 12°27°. 
A specimen of the ester from the third distillation gave a higher 
rotation, «2%, ++ 13°78°. 

Readings were taken at 32° and 69°7°, but at higher temperatures 
the rotation had decreased to «? + 9°00°. The ester which 
had been exposed to high temperature was redistilled and its rota- 
tion rose to the value obtained after the third fractionation, «7 
+13°75°. Subsequent vacuum distillations failed to reduce this high 
value, and a fresh quantity of the ester was prepared. 

The extraordinary behaviour of this ester is probably due to 
the comparative ease with which it forms a lactide, having possibly 
a higher rotation than the ester itself, similar to the case of the 
methyl ester. According to the theory that an open-chain carbon 
compound has a helical structure, it would seem that this ester 
might be analogous in behaviour to the first member of the series. 
It is difficult to make accurate observations at high temperatures, 
and the readings were taken rapidly when the ester was in a pure 
state, for the substance causing the increase in rotatory power, 
once formed, is difficult to eliminate by distillation. 

In a second preparation, the following quantities were used : 
22 grams of dry zinc ammonium I/-lactate, 154 grams of concentrated 
sulphuric acid, 35 grams of pure n-amyl alcohol. In this case, 
a much better yield was obtained (22 grams, 70 per cent. of the 
theoretical). After four vacuum distillations, the pure ester was 


obtained having b. p. 109°5—110°5°/21-5 mm. (oil-bath temperature 
x*2 
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130°). This sample had identical rotation with that obtained 
from the fourth vacuum distillation in the previous preparation, 
Accordingly, sets of readings were taken at 13°9°, 94°7°, and 127°, 
After the ester had cooled from the last two temperatures, its 
rotation was observed in order to detect internal change or racemis. 
ation. Although in each case the ester was tinged slightly yellow, 
the rotation on cooling lay on the temperature-—rotation curve, 
thus showing that no changes had taken place. 
Densities determined : 
13-3° 21-2° 56-8° 78° 117-5° =139-5° 
0:9717 0-9638 0:9297 0-9090 00-8711 0-8500 


The ester shows complex rotatory dispersion. 
Temp. dy” Temp. dy Temp. he 
13-9°. 0-9711. 32°. 0-9535. 69-8°. 0-9168. 
a(ldem.). [aJ®*. a(1dem.). [aj?. a(ldem.). [al®®. 
+9+25° +9-53° +9-29° +9-75° +9:57° +10-44° 
9-71 10-00 9-78 10-29 9-98 10-89 
10-11 10-41 10-16 10-66 10-44 11-39 
11-11 11-43 11-20 11-63 11-41 ° 12-45 
12-12 12-49 12-15 12-74 12-35 13-47 
13-35 13-74 13-41 14-08 13-70 14-94 
14-69 15-13 14-75 15-47 15-18 16-56 
16-01 16-59 . 16-92 16-48 17-98 
17-29 17-80 . 18-28 17-80 19-42 
18-38 18-95 , 19-47 19-09 20-82 
19-82 20-41 S 21-09 20-62 22-49 
20-43 21-04 S 21-70 21-30 23-23 
Temp. ” Temp. dy" 

94-7°, ° L 127°. 0-8621, 
A. a (1 dem.). Z a (1 dem.). [a]. 
6708 +9-63° -+-10-78° +9-57° +11-10° 
6563 10-05 11-25 9-95 11-54 
6438 10-48 11-73 10-41 12-08 
6152 11-43 12°79 11-41 13-24 
5893 12:37 13°85 12-29 14-26 
5590 13-76 15-41 13-74 15-94 
5324 15-23 17-05 15:15 17-56 
5086 16-54 18-52 16-44 19-07 
4861 17°84 19-97 17-70 20-53 
4678 19-14 21-43 19-11 22-17 
4455 20-85 23°34 20-73 24-04 
4359 21-52 24-09 21-43 24-86 


n-Hexyl |-Lactate——n-Hexy] alcohol was prepared from n-butyl 
alcohol by a method given in a private communication from Dr. 
Pickard, which is a modification of one given in the University of 
Illinois Bulletin, XVIII, Oct., 1920, No. 6 (Adams, Kamm, and 
Marvel). Eighteen grams of hexyl alcohol (b. p. 156—157°/745 
mm.), 21 grams of dry zinc ammonium I-lactate, and 14°7 grams of 
concentrated sulphuric acid were heated together on a water-bath 
for five hours. Instead of first neutralising the reaction mixture 
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by simple addition of powdered potassium carbonate, the volume 
was made up to 400 c.c. with dry ether in order to increase the rate 
of filtration and also to precipitate the potassium hexyl sulphate 
formed on addition of potassium carbonate. The. solution was 
neutralised, filtered, and the ether distilled off. The ester was 
distilled in a vacuum four times and then boiled at 107—108°/16 mm. 
(oil-bath temperature 145°). Yield 13°5 grams (44 per cent. of the 
theoretical). 

No comparative data are available for this ester. 

It had [a] + 12°21°, [MJ]? + 21:25°, and d2 0°9520. 

Densities determined : 


16-6° 44-8° 81-5° 119-2° 
0-9682 0-9553 0-9298  0-8969 0-8630 


The ester exhibits complex rotatory dispersion. 


Temp. di Temp. d' Temp. dy” 

6°. 0-9647. 21-7°, 0-9504. 62-9°. 0-9138. 
a(1dem.). [aJX. a(1dem.). [aj’7. a(ldem.). [a]. 
+9:10° +9-50° +9-28° 4+49-76° +9-63° +10-54° 
9-36 9-70 9-62 10-12 10-07 11-02 
9-66 10-01 9-92 10-44 10-39 11-37 
10-50 10-88 10-70 11-26 11-24 12-30 
11-38 11-80 11-64 12-25 12-27 13-43 
12-60 13-06 12-90 13-58 13-64 14-93 
13-16 13-64 13-48 14-18 14-19 15-53 
13-76 14-26 14-20 14-94 14-98 16-39 
15-00 15-55 15-37 16-17 16-29 17-83 
16-23 16-82 16-69 17-56 17-73 18-96 
17-23 17-86 17-77 18-70 18-88 20-66 
18-77 19-46 19-21 20-21 20-35 22-27 
19-33 20-04 19-85 20-89 21-04 23-05 

Temp. de" Temp. Faia 

83-3°. 0-8952. 107-6°. 0-8733. 

A a (1 dem.), {af a(ldem.). = [aJ,”*. 
6708 +9-78° +10-93° +9-94° +11-38° 
6563 10-20 11-40 10-36 11-86 
6438 10-54 11-77 10-72 12-28 
6152 11-50 12-85 11-70 13-40 
5893 12-50 13-96 12-72 14-57 
5590 13-86 15-48 14-10 16-15 
5461 14-46 16-15 14-72 16-86 
5324 15-27 17-06 15-53 17-78 
5086 16-65 18-60 16-97 19-43 
4861 18-16 20-28 18-51 21-20 
4678 19-31 21-57 19-71 22-57 
4455 20-81 23-25 21-23 24-25 
4359 21-51 24-03 21-95 25-13 


n-Heptyl 1-Lactate—A mixture of 24 grams of dry zinc ammonium 
Llactate, 40 grams of n-heptyl alcohol (b. p. 175°5°), and 17 grams 
of concentrated sulphuric acid was heated on the water-bath for six 
hours. The mixture was subsequently treated as in the case of hexyl 
lactate. After four vacuum fractionations, a product was obtained 
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having b. p. 117°/10 mm. (oil-bath temperature 150°). Yield 7] 
per cent. of the theoretical. 

Rotation of the ester (unaltered by a further vacuum distillation) 
[a]? + 11°35°. 

Wassmer and Guye give [«]j?’ — 12:24° (heptyl d-lactate). 

A second preparation of the ester gave a rotation identical with 
the first, although the time of contact with the sulphuric acid was 
only three instead of six hours. 

Densities determined : 


b° .ceccccccecscccees 9-6° 34° 61-5° 90-8° 112-4° 139-7° 
TP - naeeisstiatsiies 0:9521 0-9301 0-9054 0-8790 0-8596 0-8350 
The ester exhibits complex rotatory dispersion. 
Temp. dy* Temp. dy Temp. a7 
10:3°. 0-9516. 33°. 0-9310. 71-7°. 0-8961. 


A. a(ldem.). [a]°*. a(ldem.). {a}. a(ldem.). [ajj'”. 
6708 +8-08° +4849° -+820° +881° +48-31° +9-27° 


6563 8-46 8-89 8-58 9-22 8-71 9-72 
6438 8-84 9-29 8-97 9-64 9-09 10-15 
6152 9-73 10-22 9-86 10-59 9-98 11-14 
5893-10-63 11-17 10-76 11-55 10-90 12-16 
5590 11-81 12-41 11-97 12-86 12-12 13-53 
5324 12-97 13-63 13-13 14-10 13-32 14-87 
5086 14-14 14-86 14-38 15-45 14-58 16-28 
4861 15-30 16-08 15-55 16-70 15-78 17-61 
4678 = 16-35 17-18 16-64 17-87 16-90 18-87 
4455 17-62 18-51 17-96 19-30 18-31 20-44 
4359 18-19 19-11 18-58 19-95 18-95 21-14 

Temp. &* Temp. a 

99-7°. 0-8709. 128-9°, 0-8446. 

A. a(ldem.). aj". a(1ldem.).  [a]\”*. 

6708 +8:23° +9-45° +8-05° +9-53 

6563 8-62 9-90 8-43 9-98 

6438 9-01 10-35 8-83 10-46 

6152 9-92 11-40 9-75 11-54 

5893 10-81 12-42 10-65 12-61 

5590 12-06 13-85 11-88 14-07 

5324 13-26 15-23 13-05 15-45 

5086 14-52 16-67 14-31 16-94 

4861 15-73 18-06 15-49 18-34 

4678 16-86 19-36 16-58 19-63 

4455 18-25 20:96 17-98 21-29 

4359 18-92 21-73 18-62 22-05 


Readings of rotations were taken at 153°7°, but on cooling to 
a lower temperature the decrease of rotation indicated racemisation 
or decomposition. 

n-Octyl |-Lactate——This ester was prepared similarly to hexyl 
lactate, from n-octyl alcohol (b. p. 195°5°/760 mm.). Yield 16 
grams (50 per cent. of the theoretical) from 24 grams of dry zinc 
ammonium /-lactate. After four vacuum distillations, the ester 
had b. p. 137°/11 mm. (oil-bath temperature 160—170°) and 
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[a] + 9°31°. Wassmer and Guye give b. p. 126—128°/11 mm. 
and [«]i} ++ 12°08° (by calculation). 
Densities determined : 


Seeseee 13-7° 


58-3° 


IR er oe 0-9356  0-8973 


89-3° 


0-8713 0-8523 


111° 134-3° 


0-8321 


The ester exhibits complex rotatory dispersion, and maxima 
occur in the temperature—rotation curves. 


Temp. F 
17-6°. 0-9323. 
A. a(1dem.).  [aj,’®. 
6708 +6-75° +7-24° 
6563 7-00 7-51 
6438 7-23 7°74 
6152 7-96 8-54 
5893 8-69 9-32 
5590 9-62 10-32 
5324 10-52 11-30 
5086 11-43 12-25 
4861 12-48 13-38 
4678 13-43 14-41 
4455 14-54 15-60 
4359 15-08 16-17 
Temp. 
103-5°. 
A. a (1 dem.). 
6708 +6-71° 
6563 6-99 
6438 7-29 
6152 8-01 
5893 8-83 
5590 9-80 
5324 10-78 
5086 11-76 
4861 12-90 
4678 14-04 
4455 15-51 
4359 16-11 


Temp. 
344°, 

a (1 dem.). 
-+6-80° 
7-06 


[a],°* = 
+7-81° 
8-15 
8-50 
9-33 
10-28 
11-41 
12-54 
13-69 
15-02 
16-33 
18-07 
18-77 


5° 


Ph Temp. re 
0-9179. 65°. 0-8918. 
faj*. a(ldem.). [a]. 
+7-41° 4+688° +7-71° 

7-69 7-15 8-02 

7-96 7-41 8-31 

8-73 8-13 9-12 

9-53 8-92 10-00 
10-56 9-89 11-18 
11-60 10-85 12-16 
12-60 11-81 13-24 
13-79 12-99 14-56 
14-85 14-04 15-69 
16-17 15-37 17-22 
16-84 15-96 17-90 

Temp. dy’? 
134-1°, 0-8325. 
a(ldem.). — [a],*”. 
+6-43° +-7°73° 
6-75 8-11 
7-05 8-47 
7-81 9-38 
8-65 10-39 
9-66 11-60 
10-68 12-83 
11-63 13-98 
12-77 15-33 
13-96 16-75 
15-51 18-63 
16-16 19-40 


Readings were taken at 158°, but on checking the rotation of 
the ester at a lower temperature, decomposition was indicated. 
n-Nonyl 1|-Lactate—The n-nonyl alcohol used was prepared 


from n-octyl alcohol (see under n-hexyl lactate). 


Fifteen grams 


of nonyl alcohol (b. p. 107—108°/15 mm.), 12°6 grams of dry zine 
ammonium lI-lactate, and 8°8 grams of concentrated sulphuric 
acid were heated together on a water-bath for five hours. The 
subsequent treatment was as described under hexyl lactate. Yield 


11 grams (50 per cent. of the theoretical). 


The ester, fractionated 


four times in a vacuum, had b. p. 153—154°/20 mm. (oil-bath 

temperature 180°), [a] + 9°19°, [M]i + 19°85°, and d?” 0-919]. 
No comparative data are available for this ester. 
Densities determined : 
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fe PRE Pe See eee ea 4:6° 18-57° 45-6° 83-2°° 130-5° 
ee 0-9320 0-9201 0-8977 0-8661 0-8265 
The ester exhibits complex rotatory dispersion. 
Temp. ae Temp. ade * Temp. a 
4-8°. 0-9319, 23-4°. 0-9161. 745°. 0-8734., 


A. a(1dem.). [a]\". a(1dem.). [a]. @(1dem.). [a)j’®. 
6708 +6-63° P +7-12° +6-75° +7:37° +6-89° +7:-89° 


6563 6-87 7:37 7-02 7-66 7:18 8-22 
6438 7-06 7-58 7-24 7-90 7-42 8-50 
6152 7-68 8-24 7-88 8-60 8-14 9-32 
5893 8-30 8-91 8-52 9-30 8-84 10-12 
5590 9-20 9-87 9-46 10-34 9-86 11-29 
5461 9-64 10-34 9-94 10-85 10-39 11-90 
5324 10-24 10-99 10-54 11-51 11-00 12-59 
5086 =—-_11-12 11-93 11-46 12-51 11-99 13-73 
4861 12-10 12-99 12-46 13-66 13-10 15-00 
4678 12-94 13-89 13-28 14-50 14-00 16-03 
4455 13-88 14-90 14-34 15-65 15-08 17-27 
4359 14-32 15-37 14-80 16-16 15-63 17-90 
Temp. a" Temp. dy 
100-5°, 0-8516. 128°, 0-8286. 
A. a(ldem.), [a,”*. a(ldem.). [a)\”*. 
. 6708 +6-99° +8-21° +7-07° +8-53° 
6563 7-30 8-57 7-40 8-93 
6438 7-56 8-88 7-67 9-26 
6152 8-26 9-48 8-29 10-00 
5893 9-00 10-57 9-20 11-10 
5590 10-10 11-86 10-30 12-43 
5461 10-60 12-45 10-77 13-00 
5324 11-20 13-15 11-41 13-77 
5086 12-20 14-33 12-34 14-89 
4861 13-32 15-64 13-52 16-32 
4678 14-24 16-72 14-49 17-49 
4455 15-41 18-09 15-71 18-96 
4359 16-01 18-80 16-33 19-71 
Summary. 


(i) In the homogeneous condition, the active n-alkyl lactates, 
from the methyl to the nonyl member, exhibit complex rotatory 
dispersion of a normal and similar type. 

(ii) The molecular rotations of the series give a smooth curve, 
reaching a maximum at the hexyl ester (or the hepty! ester at lower 
temperatures). The maximum at the hexyl ester and the abnormal 
value for the amyl ester may be explained by assuming the helical 
structure of the carbon chain. 

(iii) With two exceptions, the rotatory power of the esters increases 
with temperature. The temperature effect in all cases is slight. 
n-Butyl and n-octyl lactates show maxima: in the temperature- 
rotation curves. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, January 15th, 1923.] 
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LXXII.—Inorganic Complex Salis. Pari II. Erdmann’s 
Salt and its Derivatives. 


By Wi11amM THomaS. 


WERNER’S classic researches on the inorganic complex salts have 
enabled us to give definite configurations to most of the isomerides 
occurring in this group of compounds. A definite configuration, 
however, has not been given to Erdmann’s salt, ammonium tetra- 
nitrodiamminecobaltiate, one of the first known complex salts of 
cobalt (J. pr. Chem., 1866, 97, 385). It appeared of interest to 
ascertain which of the formule (I and II) should be assigned to 
this compound. 

It is evident that replacement of nitro-groups in the trans- 
diammine compound would not yield an asymmetric molecule, 
but replacement of one or more nitro-groups of the cis-diammine 
complex might result in a molecule resolvable into optical antipodes. 

It was found that oxalic acid acts on the compound, two nitro- 
groups being replaced by one oxalato-group. The possible modes 
of replacement are best seen from the following figures. 


NH, NH, 
NO, | NO, NO, 
(L) # | Pal ~—> Pal yy ih 
NO, NO, NO, ilies 
NH, NH, 
trans. 
NH, 
NH | NO 
{.) Ka / ieee 
NO, NO, 
NO, 
cis. 
NH, NH, 
NH, | NO, NH, | 
(III.) rs va or rd J) aa” 
NO, NO,Z il 
gr, C0, NO, 


The product from the trans-diammine complex is thus ammonium 
oxalato-cis-dinitro-trans-diamminecobaltiate, in which a plane of 
symmetry passes through the acid groups. 

In the case of the cis-diammine structure two products are 
possible, ammonium oxalato-trans-dinitro-cis-diamminecobaltiate 
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(III) and ammonium oxalato-cis-dinitro-cis-diamminecobaltiate 
(IV). In the sequel these will be referred to as the trans-cis- and 
the cis-cis-complexes, respectively. Of these, the cis-cis-complex 
alone is asymmetric and therefore should be resolvable. 

The product of the action of oxalic acid on Erdmann’s salt was 
converted into the barium salt, which was separated by fractional 
crystallisation into isomerides belonging to the rhombohedral and 
monoclinic systems, respectively, the former being the more soluble 
and present in larger quantity (4:1). Attempts to resolve these 
by means of alkaloid sulphates were successful in the case of the 
rhombohedral crystalline compound only, indicating that it is the 
cis-cis-complex (IV). The non-resolvable compound (monoclinic) 
must therefore be the ¢rans-cis-complex (III). The corresponding 
malonato-derivative was also prepared, but could not be resolved. 

Attempts to prepare the dioxalato-derivative, 

[(C,0,),Co(NH3) NH, 
and the dimalonato-derivative were unsuccessful. 

Jaeger and his collaborators examined the crystals of the optic. 
ally active antipodes of a large number of complex salts of the 
type MeX, (Rec. trav. chim., 1919, 38, 171), in which the groups 
round the central atom are identical. These complex salts in 
aqueous solution have enormous rotatory power, but the tendency 
to develop hemihedral forms is very feeble. Whereas enantio- 
morphism of molecular configuration is the one and only condition 
for development of optical activity, Jaeger suggested that chemical 
contrast of the groups round the central metallic atom would 
possibly favour the formation of hemihedral crystals of the anti- 
podes. The foregoing asymmetric derivative of Erdmann’s salt 
contains different groups round the central atom, but optically 
active crystals have not been obtained, racemisation taking place 
during crystallisation. 


EXPERIMENTAL, 


Erdmann’s salt, prepared by Jérgensen’s method (Z. anorg. 
Chem., 1898, 17, 476), was purified by repeated recrystallisation 
and converted into ammonium oxalatodinitrodiamminecobaltiate 
by the action of a concentrated solution of oxalic acid (Jérgensen, 
ibid., 1896, 11, 440), subsequent deposition of small, rhombo- 
hedral and of monoclinic crystals indicating the formation of two 
products. The ammonium salt having been converted into the 
barium salt by means of a saturated solution of barium chloride 
(1 equiv.), the isomerides were separated by fractional crystal- 
lisation, the one yielding the rhombohedral crystals being by far 
the less soluble (Found : for the rhombohedral crystals, Co = 15°94; 
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ERDMANN’S SALT AND ITS DERIVATIVES. 


Ba = 18°54; H,O = 7°30. [(NH,),Co(C,0,)(NO,).],Ba,3H,O  re- 

quires Co= 16:01; Ba = 18-49; H,O = 7°33 per cent. Found: 

for the monoclinic crystals, Co = 16°45; Ba = 19:18; H,O = 5°25. 

(NH;).Co(C,0,)(NO,.).],Ba,2H,O requires Co = 16°39; Ba = 19°10; 

H,O0 = 5°00 per cent.). 

Barium was weighed as sulphate. To estimate the cobalt, the 
complex salt was destroyed by heating it with sodium hydroxide, 
and the cobalt, thereby precipitated as the hydroxide, was dissolved 
in sulphuric acid and reprecipitated from the neutral solution as 
ammonium cobalt phosphate, which was ignited to the pyrophos- 
phate, Co,P,0,. The water of crystallisation was estimated by 
keeping the finely divided crystals at 95° until there was no further 
loss of weight. 

Resolution of the Complex Salt.—Equivalent quantities of the 
barium salt and an alkaloid sulphate were mixed in solution and 
the filtrate subjected to fractional crystallisation. Brucine and 
cnchonine were unsuitable for the purpose, hydrolysis taking place 
and the free base being precipitated. With strychnine, however, 
two fractions containing strychnine |-oxalato-cis-dinitro-cis-diammine- 
wbaltiate were obtained; subsequent fractions contained the free 
alkaloid. When d-phenylethylamine was employed as the active 
base, the first fraction contained the d-complex salt. These active 
salts were converted by aqueous potassium iodide into the active 
potassium salts, which had [«], -+ 154°, whence [1/7], 4815° (Found : 
(o = 17°75; H,O = 5°55. [(NH,),.Co(C,0,)(NO,).|K,H,O requires 
(Co = 17°87; H,O = 5°45 per cent.). 

Barium Malonatodinitro-cis-diamminecobaltiate, 

[(NH5).Co(C;H,O,)(NO,), ],Ba,2H,0, 

was prepared by mixing saturated solutions of equivalent quantities 
of oxalic acid and Erdmann’s salt, adding barium chloride solution, 
and allowing the very soluble barium salt to separate (the am- 
monium salt is even more soluble). Two derivatives are again 
possible as in the case of the oxalato-derivative, but no separation 
could be effected (Found : Co = 15°66; Ba = 18°34; H,O = 4°86. 
((NH,)Co(C,H,0,)(NO,).],Ba,2H,O requires Co= 15°78; Ba= 
18°38; H,O = 4°82 per cent.). 

Crystals of these complex compounds were examined by Miss 
I. E. Knaggs (T., 1922, 121, 2069). 

NotTE.—Since the completion of the above work, Riesenfeld and 
Clement have published a paper (Z. anorg. Chem., 1922, 124, 1) 
in which they conclude that Erdmann’s salt is the trans-diammine 

compound, because they did not succeed in resolving its derivatives, 


THE UNIVERSITY, ABERDEEN. [Received, February Ist, 1923.] 
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LX XITI.—The Preparation of X ylose from Maize Cobs, 
By Artuur Rosert Line and DinsHaw Rattonsi Nanat. 


THE preparation of xylose from maize cobs has in recent years 
been exhaustively studied by Hudson and Hardinge (J. Amer, 
Chem. Soc., 1918, 40, 1601), La Forge and Hudson (J. Ind. Eng, 
Chem., 1918, 10, 925), and Monroe (J. Amer. Chem. Soc., 1919, 
41, 1002). Recently, while engaged on some problems in con. 
nexion with the fermentation of sugars with different micro. 
organisms, we found it necessary to prepare xylose in considerable 
quantity. Hudson and Hardinge’s method (loc. cit.) was at first 
employed, but after having repeatedly worked with several kilo. 
grams of the cobs following exactly the instructions given by these 
authors, we found their method required some modification. 

The broken cobs (1 kilo.) are soaked in 2 per cent. ammonia 
solution, sufficient to cover them, and kept over-night. The cobs 
are then washed free of ammonia with hot tap-water and boiled 
under reflux with 8 litres of 7 per cent. sulphuric acid for exactly 
two hours. The main portion of the liquor is decanted from the 
cobs, without filtering, into a 12-litre earthenware jar, and the re. 
mainder of the extract is recovered by pressing the residue in a 
hand-press. The total extract, while still hot, is neutralised with 
the requisite quantity of precipitated chalk. The neutralisation 
takes place readily and does not require more than thirty minutes. 

Judging from our experience, we do not recommend the altern- 
ative procedure of Hudson and Hardinge to neutralise with lime. 
Whilst there is no special purpose served by using lime, it has the 
distinct disadvantage of causing the decomposition of some of 
the dissolved sugar. ‘The use of barium carbonate recommended by 
Monroe is not economical when xylose is to be prepared in quantity. 

The precipitate of calcium sulphate is filtered through a Buchner 
funnel and the precipitate well washed with boiling water. The 
cold straw-coloured liquor after neutralisation is treated with 
20 c.c. of 10 per cent. neutral lead acetate solution for every litre 
of the liquor. The lead precipitate is filtered off and the lead 
removed with hydrogen sulphide. The filtrate from the lead 
sulphide, which is pale yellow, is boiled with norit (20 grams) and 
filtered when all the hydrogen sulphide has been expelled. The 
filtrate at this stage is practically colourless, and is ready for the 
final concentration. 

. When this lead treatment is omitted, the neutral liquor possesses 
a strong tendency to froth when evaporation under reduced pressure 
is attempted, so much so as to render the concentration process 
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very difficult.. The liquor obtained as above, however, after the 
lead treatment does not behave in this way, and the subsequent 
concentration under reduced pressure is carried out without any 
difficulty. This tendency to froth is due to the presence of a 
substance of the saponin class which the lead treatment removes 
from solution. ° 

The colourless filtrate obtained above is then concentrated under 
reduced pressure to a thin syrup and treated with three times its 
volume of 95 per cent. alcohol. The precipitated calcium sulphate 
is filtered off and the alcoholic solution is then once again con- 
centrated under reduced pressure to a viscous syrup. The pale 
yellow syrup thus obtained is ready for the crystallisation of xylose, 
for which either alcohol or glacial acetic acid may be employed. 
To crystallise from alcohol, the viscous syrup is dissolved in twice 
its volume of 95 per cent. alcohol, when the xylose crystallises out 
in a few hours. When glacial acetic acid is employed, the syrup 
is treated with half its volume of glacial acetic acid, and the crystall- 
isation of xylose takes place immediately. It may, however, be 
remarked here that the syrup obtained under the above con- 
ditions is not free from glucose and therefore the use of alcohol 
is to be preferred to that of acetic acid when xylose is to be 
prepared in a state of purity. The crystals of xylose obtained 
above are collected on a Buchner funnel, washed with 95 per cent. 
alcohol and then with absolute alcohol, and dried in a desiccator. 
The yield of xylose obtained having the correct specific rotatory 
power and melting point was uniformly 10—12 per cent. of the 
cobs used. 


We desire to express our thanks to Mr. W. S. Shaw for his assist- 
ance in carrying out this work. 


DEPARTMENT OF BIOCHEMISTRY OF FERMENTATION, 
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LXXIV.—Bromination of Glyoxaline-4-carboxyanilide. 
By Haroxtp Kine and WitLiAM OwEN MorRcH. 


THE primary object of this investigation was the preparation of 
4-bromoglyoxaline-5-carboxylic acid with the view of synthesing 
xanthine (II), by condensation of the ester (I) with carbamide. 


NH, EtO- 0¢ NH: co 

CoO + C-NH~. ad CO C. NH (II.) 
] H 

NH, (1) BrC—N~ ‘Ou NH: bo y7 8 
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Hitherto syntheses of purine derivatives have only been effected 
via the pyrimidine ring, although the complementary process 
starting with the glyoxaline ring, has frequently been suggested 
(Windaus and Knoop, Beit. Physiol. Path., 1905, 6, 392; Johnson, 
J. Amer. Chem. Soc., 1914, 36, 338; Winterstein and Trier, “ Die 
Alkaloide,” p. 315; Hopkins, T., 1916, 109, 629; Fargher and 
Pyman, T., 1919, 115, 217). Whilst the primary object has been 
attained, the small yields have hitherto precluded systematic 
attempts to condense the ester with carbamide. 

The method of preparation adopted was the bromination of 
glyoxaline-4-carboxyanilide (III), which can be obtained in quantity 
by Fargher and Pyman’s process (loc. cit.), using two molecular 
proportions of bromine in glacial acetic acid solution. The main 
products are glyoxaline-4-carboxy-p-bromoanilide (IV) and 2:5. 


dibromoglyoxaline-4-carboxy-p-bromoanilide (V), of which about 
HC-NH HC-NH 

; H CH iy. 

(HL) HPh-CO-C—N7~ (,H,BrNH-CO-C—N7 OH 


equal weights are obtained. The remaining products of the reaction 
are 5-bromoglyoxaline-4-carboxy-p-bromoanilide (VI), which is 
obtained in smaller yield, accompanied by a substance, melting at 
247°, containing 50°8 per cent. of bromine, a value somewhat less 
than that required for an equimolecular mixture of di- and tri- 
bromoglyoxalinecarboxyanilides. This substance was only isolated 
pure in small quantity, and no means has been found of preparing 
the dibromoanilide perfectly free from it. 


BrO-NHY BrC-NH 
CB H 
C,H,BrNH-CO-C—N7P" HBr NH-CO-G-—N7> 
(V.) (VI.) 


The constitution of these bromo-derivatives follows from an examin- 
ation of their products of hydrolysis. Glyoxaline-4-carboxy-p-bromo- 
anilide (IV), on hydrolysis by boiling with concentrated hydrochloric 
acid, gives p-bromoaniline and glyoxaline-4-carboxylic acid. 2: 5- 
Dibromoglyoxaline-4-carboxy-p-bromoanilide (V), on hydrolysis 
under pressure with hydrobromic acid, gives p-bromoaniline, 2 : 4- 
dibromoglyoxaline, and 2-bromoglyoxaline, the proportions of the 
latter two depending on the conditions employed. The 2:4- 
dibromoglyoxaline obtained agrees with that prepared by Balaban 
and Pyman by decarboxylation of 2: 5-dibromoglyoxaline-4- 
carboxylic acid (T., 1922, 121, 957). It gives a very sparingly 
soluble additive compound with silver nitrate in acid solution, 
the composition agreeing with 2C,H,N,Br,,AgNO,,HNO,. The 
constitution of this interesting product may be represented on the 
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basis of Werner’s view of the constitution of complex salts, by 
H HT 

analogy with ammonium salts [ N ov and with the com- 
H H 


pound [IAgI]H’, if it be assumed that the silver atom is substi- 
tuted for the imino-hydrogen of one of the glyoxaline nuclei as in 
the silver salts of glyoxalines formed in ammoniacal solution. The 
additive compound may, therefore, be written : 
’ BrO——CH CH=CBr 
NO.),””| HN N--Ag-N NH | 
( 3)2 —~/ \4A 
CBr CBr _ 
the silver atom holding the nuclei together by co-valence whilst 
the H’ and (NO,),”’ are held by electrovalence. 2 : 5-Dichloro- 
glyoxaline appears to form a similar compound, and Wallach and 
Bohringer (Annalen, 1877, 184, 50) have described an additive 
product of silver nitrate and methylchloroglyoxaline nitrate, but 
the other mono- and tri-bromoglyoxalines examined by us failed 
to give insoluble silver compounds in acid solution. The formation 
of such sparingly soluble silver compounds in acid solution is unusual, 
but xanthine and theobromine both give precipitates, containing 
silver nitrate, in nitric acid solution. We have not had in hand 
4: 5-dihalogenated glyoxalines for comparison with their isomerides 
in this respect. 

2-Bromoglyoxaline has not previously been described. It melts 
at 207° and its constitution follows because it is not identical with 
4-bromoglyoxaline, prepared by Balaban and Pyman. It is 
characterised by its sparingly soluble picrate and its nitrate. 
This disposes of the last of the possible C-substituted bromo- 
glyoxalines. 

When 2: 5-dibromoglyoxaline-4-carboxy-p-bromoanilide is 
hydrolysed under pressure with concentrated hydrochloric acid, 
the main product is 2 : 5-dichloroglyoxaline, the two bromine atoms 
having been replaced by chlorine. 

5-Bromoglyoxaline-4-carboxy-p-bromoanilide (VI), on hydrolysis 
with hydrobromic acid, gives 4-bromoglyoxaline-5-carborylic acid, 
the primary object of this investigation, and 4-bromoglyoxaline, 
the proportions depending on the conditions employed. 4-Bromo- 
glyoxaline proved to be identical with the product isolated by 
Balaban and Pyman (loc. cit.) by reduction of 4 : 5-dibromoglyoxaline. 


EXPERIMENTAL. 


Bromination of Glyoxaline-4-carboxyanilide. Isolation of Mono-, 
Di-, and Tri-bromoglyoxaline-4-carboxyanilides.—To glyoxaline- 
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4-carboxyanilide (93°5 grams), dissolved in glacial acetic aid 
(500 c.c.), a solution of bromine (55 c.c.; 2 mols.) in glacial 
acetic acid (200 c.c.) was added slowly during half an hour, the 
temperature being kept below 20°. The crystalline solid, A, 
‘which separated on keeping over-night was collected and extracted 
twice on the boiling water-bath, each time with 2 litres of water, 
The aqueous filtrate, on cooling, deposited 12 grams of a mixtur 
of mono- and di-bromoglyoxaline-4-carboxyanilides, and the filtrate 
from these, on making alkaline, gave almost pure monobromo. 
glyoxaline-4-carboxyanilide (54‘0 grams). The remainder of A was 
extracted four times with 2 litres of 3 per cent. hydrochloric acid, 
On cooling, 16-5 grams of crude dibromoglyoxaline-4-carboxyanilide 
separated, the filtrate depositing a negligible quantity of material 
on neutralisation. The insoluble solid A (56 grams) now consisted 
of slightly impure tribromoglyoxaline-4-carboxyanilide. 

Glyoxaline-4-carboxy-p-bromoantlide crystallises from four times 
its weight of boiling glacial acetic acid in colourless needles containing 
two molecules of acetic acid, which are lost at 100° (Found : loss = 
32°2. C,,)H,ON,Br,2C,H,O, requires loss = 30°2 per cent.). It 
is very sparingly soluble in boiling water and separates on cooling 
in glistening leaflets, m. p. 273—274° (Found: Br = 3011. 
C,,>H,ON,Br requires Br = 30°0 per cent.). It is sparingly soluble 
in the other usual organic solvents, and insoluble in sodium hydroxide 
solution, and it gives crystalline salts with acids. 

Hydrolysis of Glyoxaline-4-carboxy-p-bromoanilide.—The anilide 
was hydrolysed by boiling with concentrated hydrochloric acid for 
seven hours. The solution was evaporated to dryness under reduced 
pressure, made alkaline with ammonia, and the p-bromoaniline 
extracted with ether. The extract was acetylated and gave, on 
crystallisation from alcohol, p-bromoacetanilide, melting at 166— 
167° (Found: Br = 369. Cale., Br = 37-3 per cent.). The 
ammoniacal liquor was concentrated to a small bulk and made 
faintly acid to Congo-paper. Glyoxaline-4-carboxylic acid separates 
on keeping. It was identified by comparison of its melting point 
and crystalline form with those of an authentic specimen. 

2 : 5 - Dibromoglyoxaline - 4 - carboxy - p - bromoanilide crystallises 
from twelve and a half times its weight of boiling glacial acetic 
acid in plates. It occasionally crystallises from the same solvent 
in fine needles with one molecule of acetic acid (Found : loss at 
100° = 12°3. C,)H,ON,Br,,C,H,O, requires loss = 12°4_ per 
cent. Found: on plate form, Br = 56:4. C,j)H,ON,Br, requires 
Br = 56°6 per cent.). In ethyl or methyl alcohol and in ethyl 
acetate it is sparingly soluble, but it dissolves readily in hot acetone ; 
in chloroform, benzene, or xylene it is practically insoluble. It is 
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untouched by cold aqueous acids. With 2N-sodium hydroxide it 
forms a crystalline sodium salt, soluble on dilution, but precipitated 
oly by prolonged passage of carbon dioxide. It is readily soluble 
mm warming in N/2-sodium carbonate solution and gives no color- 
ation with Pauly’s reagent. It melts at 257—258° with decomposi- 
tion. 

Hydrolysis of 2 : 5-Dibromoglyoxaline-4-carboxy-p-bromoantlide with 
Hydrochloric Acid. Isolation of 2 : 5-Dichloroglyoxaline.—Ten grams 
of the tribromoanilide were hydrolysed in sealed tubes with 50 c.c. 
of 32 per cent. hydrochloric acid at 150° for three hours. The 
slution was evaporated to dryness, the residue dissolved in a small 
volume of water, made alkaline with sodium carbonate, and extracted 
six times with ether. The ethereal extract (6°6 grams) was steam- 
distilled, -bromoaniline passing over in the distillate. On acetyl- 
ation, it gave 4°6 grams of p-bromoacetanilide, which, on recrystallis- 
ation from spirit, melted at 166—167° (Found: Br = 37°0 per 
cent). The ethereal extract of the substance non-volatile in steam 
amounted to 2°23 grams. On recrystallisation from benzene or, 
better, from water, it melted at 184—185° and had all the qualitative 
reactions of a dihalogenated glyoxaline. Analysis showed, however, 
that it consisted of about 95 per cent. of dichloroglyoxaline and 5 per 
eent. of dibromoglyoxaline [Found : N = 19-9, 19°7; AgCl + AgBr 
= 203°7, 202°7, 203°8. C,H,N,Cl, (95 per cent.) + C,H,N,Br, 
(5 per cent.) requires N = 20°3; AgCl + AgBr = 203°4 per cent. ]. 
The possibility is not excluded that some of the bromo-constituent 
may be present as a mixed chlorobromoglyoxaline. It was not found 
possible to isolate a purer dichloroglyoxaline owing to the formation 
of mixed crystals. 

2 : 5-Dichloroglyoxaline, as obtained above, dissolves to the extent 
of 3 per cent. in boiling water and crystallises in prismatic needles. 
It is very soluble in ethyl acetate, but very sparingly so in chloroform 
or benzene. It is soluble in ether and can be extracted from 
aqueous solutions by this solvent. It is soluble in hydrochloric 
acid (more concentrated than 3) and is precipitated on dilution. 
It is slowly soluble in dilute sodium carbonate solution, readily 
soluble in dilute sodium hydroxide, and is precipitated by excess 
of carbon dioxide. In nitric acid solution, it forms a sparingly 
soluble additive product with silver nitrate (see corresponding 
dibromoglyoxaline). 

Hydrolysis of 2 : 5-Dibromoglyoxaline-4-carboxy-p-bromoanilide with 
Hydrobromic Acid. Isolation of Mono- and Di-bromoglyoxalines.— 
The products obtained depend on the strength of hydrobromic acid 
used. Two grams of tribromoanilide, heated in a sealed tube for 
three hours with 10 c.c. of 24 per cent. hydrobromic acid, gave 0°4 
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gram of unchanged solid, and on removal of excess of hydrobromic 
acid and dilution with water, 0°25 gram of 2 : 5-dibromoglyoxaline, 
On recrystallisation from water, the latter melted at 197—199° 
(Found: Br = 70°6. Calc., Br = 70°7 per cent.). The qualitative 
reactions are in agreement with those described for this substance 
by Balaban and Pyman. 

Ten grams of the tribromoanilide were hydrolysed in sealed tubes, 
4 grams with 24 per cent., and 6 grams with 30 per cent., hydro. 
bromic acid at 150° for three hours. After removal of 1°5 grams of 
unchanged material, the solutions were evaporated to dryness under 
reduced pressure and the residue, on dilution with 10 c.c. of water, 
gave 0°4 gram of 2: 5-dibromoglyoxaline. The filtrate was made 
neutral to Congo-paper by addition of sodium hydrogen carbonate and 
extracted with ether, which removed some p-bromoaniline, tar, and 
dibromoglyoxaline. The aqueous liquor was then made alkaline 
and extracted with ether, and the ethereal residue extracted with 
cold chloroform. The solid left undissolved (1:05 grams) was 
monobromoglyoxaline. 

2-Bromoglyoxaline crystallises from water in long, prismatic 
needles, m. p. 207°. It is readily soluble in dilute hydrochloric acid 
and in dilute sodium hydroxide. From the latter it is precipitated 
by carbon dioxide (Found: Br= 54:2; N=18°9. C,H,N,Br 
requires Br = 54°4; N = 19:1 per cent.). With Pauly’s reagent, 
it gives a deep orange colour. 

The picrate crystallises from water, in which it is sparingly soluble, 
in very long, glistening, yellow needles, m. p. about 232° with 
decomposition (Found: Br = 21:3. C,H,N,Br,C,H,0,N, requires 
Br = 21:2 per cent.). 

The nitrate crystallises from water in stout needles and decomposes 
violently at 137° (Found: Br = 37:9. C,H,N,Br,HNO, requires 
Br = 38:1 per cent.). 

The silver nitrate additive compound of 2 : 5-dibromoglyoxaline 
nitrate was obtained by dissolving 0:2 gram of dibromoglyoxaline in 
3 c.c. of 3N-nitric acid and adding 5°5 c.c. of N/10-silver nitrate. 
The additive product separated immediately in fine needles, the 
yield being 0°3 gram (Found : Br = 15-7. 2C,H,N,Br,,AgNO,,HNO, 
requires Br = 158 per cent.). 

5-Bromoglyoxaline-4-carboxy-p-bromoanilide—This substance is 
readily and quantitatively separated from any accompanying 
glyoxaline-4-carboxy-p-bromoanilide by extraction with very dilute 
hydrochloric acid, in which the monobromo-derivative is alone 
soluble. It can also be practically quantitatively separated from 
2 : 5-dibromoglyoxaline-4-carboxy-p-bromoanilide by extraction with 
hot 3 per cent. hydrochloric acid, in which the tribromoanilide is 
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insoluble. The yield of material free from mono- and tri-bromo- 
glyoxalinecarboxyanilides is about 22 grams. 

5-Bromoglyoxaline-4-carboxy-p-bromoanilide  crystallises from 
slacial acetic acid in fine, soft, white, silky needles, m. p, 245—246°. 
Itis soluble in about six parts of boiling acetic acid (Found : Br = 
{11, 47:1, 47:1. C,,H,ON,Br, requires Br = 463 per cent.). 
In spite of numerous attempts by various methods, a product with 
alower bromine value was never obtained. On keeping, the glacial 
acetic acid mother-liquors deposit small, hard, clear tablets of a 
substance containing a higher percentage of bromine and melting 
with effervescence at 247° (Found: Br = 50°9 per cent.). The 
reactions of this substance and of dibromoglyoxalinecarboxyanilide 
are almost identical. After repeated crystallisation from glacial 
acetic acid, dibromoglyoxalinecarboxyanilide retains a small percent- 
age of this substance, as is shown by the analyses. A mixture of the 
two melted at 235°. Both form crystalline sodium salts on treat- 
ment with 2N-sodium hydroxide solution and are dissolved on 
dilution; both are reprecipitated in needles on passing carbon 
dioxide through the solutions. This substance of unknown constitu- 
tion is, however, very sparingly soluble in boiling glacial acetic acid 
when obtained pure. It has not been isolated in sufficient quantity 
for complete analysis. It is also formed when pure glyoxaline-4- 
carboxy-p-bromoanilide is brominated (Found: Br = 50°7 per 
cent.). 

Hydrolysis of 5-Bromoglyoxaline-4-carboxy-p-bromoanilide with 
Hydrobromic Acid.—The products depend on the strength of acid 
used. 

With 24 per cent. Hydrobromic Acid.—Two grams of the dibromo- 
glyoxalinecarboxyanilide were heated in a sealed tube with 10 c.c. 
of hydrobromic acid (24 per cent.) for three hours at 150°. The 
solution was evaporated to dryness under reduced pressure, the 
residue dissolved in water, and sodium hydrogen carbonate added 
until the solution was faintly acid to Congo-paper. The crystalline 
bromoglyoxalinecarboxylic acid which separated was washed with 
ether to remove adhering p-bromoaniline and then weighed 0°6 
gram. ‘The filtrate was thoroughly extracted with ether, and, on 
removal of the latter, crude p-bromoaniline was left (0°63 gram). 
On dissolving in a little chloroform, 0°05 gram of bromo-acid was 
deposited. The aqueous filtrate was then made alkaline with sodium 
carbonate and extracted with ether, which on evaporation left a 
further quantity of p-bromoaniline. The two fractions of p-bromo- 
aniline were combined and when acetylated weighed 1-0 gram. On 
recrystallisation, p-bromoacetanilide was obtained, melting at 
167—168° (Found: Br = 37:2 per cent.). 
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With 30 per cent. Hydrobromic Acid.—When 2 grams of the anilide 
were hydrolysed as above with 30 per cent. hydrobromic acid, 4. 
bromoglyoxaline was isolated. The acid liquor was evaporated to 
dryness under reduced pressure and the residue made alkaline with 
sodium hydrogen carbonate and extracted with ether. The etherea] 
extract (1°35 grams) was distilled in steam, p-bromoaniline passing 
over. The non-volatile portion was treated with charcoal and on 
concentration gave 0°2 gram of 4-bromoglyoxaline, melting at 
132—133°. A portion was converted into picrate, which crystallised 
in leaflets melting at 164—165° (Found: Br= 21:1. Cale, 
Br = 21:2 per cent.). The properties of the 4-bromoglyoxaline, its 
nitrate, and its picrate agreed with those described by Balaban and 
Pyman. 

The original alkaline aqueous liquor was concentrated to a small 
volume under diminished pressure, and on making faintly acid to 
Congo-paper, 5-bromoglyoxaline-4-carboxylic acid separated to the 
extent of 0°7 gram. 

5-Bromoglyoxaline-4-carboxylic acid is soluble in 50 parts of boiling 
water and crystallises in clusters of leaflets, m. p. 265° with effer. 
vescence. It is soluble in dilute hydrochloric or sulphuric acid and 
is precipitated by concentrated hydrochloric acid as the hydro. 
chloride in small compact rosettes. With 3N-nitric acid, it forms 
a sparingly soluble nitrate, soluble on dilution. It is soluble in 
sodium hydrogen carbonate and forms a sparingly soluble salt with 
2N-ammonia. The ammoniacal solution gives a silver salt on 
addition of silver nitrate. The acid couples with Pauly’s reagent, 
giving a deep orange colour, but not so red as that given by glyox- 
aline-4-carboxylic acid (Found : Br = 41:9; N = 14:8. C,H,0,N,Br 
requires Br = 41:8; N = 14:7 per cent.). 

The ethyl ester was prepared substantially as described by Pyman 
(T., 1916, 409, 200) for ethyl glyoxaline-5-carboxylate. It separates 
as a crystalline powder on adding saturated potassium carbonate 
solution to an aqueous solution of the hydrochloride. It is most 

conveniently recrystallised from toluene and separates in thin, 
glistening plates melting at 170—171°. It is readily soluble in 
acetone, alcohol, ethyl acetate, or benzene, but almost insoluble in 
low- or high-boiling petroleum (Found: N = 13:0. C,H,0,N,Br 
requires N = 12:8 per cent.). 

The original acetic acid mother-liquors of the bromination of 
glyoxalinecarboxyanilide were concentrated to small bulk and poured 
into water. After making alkaline, the total solid weighed 16 
grams. This was put through the same process of fractionation as 
the main batch of material, namely, extraction with 250 c.c. of 3 per 
cent. hydrochloric acid on the boiling water-bath. The insoluble 
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material was highly coloured and could only be partly resolved into 
its constituents. Tribromoglyoxalinecarboxyanilide was, however, 
isolated. ‘The acid-soluble extract gave 6°3 grams of almost pure 
mnonobromoglyoxalinecarboxyanilide. 

Bromination of Glyoxaline-4-carboxy-p-bromoanilide—When pure 
glyoxaline-4-carboxy-p-bromoanilide was treated in glacial acetic 
acid solution with bromine (1 mol.) and the products were worked 
up as in the case of the bromination previously described, the same 
products were isolated, the 5-bromoglyoxaline-4-carboxy-p-bromo- 
anilide being again obtained mixed with the substance melting at 
47° and containing 50°7 per cent. of bromine. 

Bromination of 5-Bromoglyoxaline-4-carboxy-p-bromoanilide.—One 
gam of the dibromoanilide (Br = 47:1 per cent.) was brominated 
in glacial acetic acid solution (1 mol. Br). After standing for 
twenty-four hours in the dark, the acetic acid was removed by 
distillation under reduced pressure and the residue dissolved in dilute 
sodium hydroxide solution. On passing carbon dioxide for a short 
time, a voluminous precipitate was obtained, from which, on 
extraction with hot 3 per cent. hydrochloric acid, the substance, 
melting at 247° and containing 50°8 per cent. of bromine was 
removed. ‘The residue which was left on crystallisation from glacial 
acetic acid separated in warts melting above 280°. The main 
product of the bromination was isolated from the alkaline liquors by 
prolonged passage of carbon dioxide and was identified as 2: 5- 
dibromoglyoxaline-4-carboxy-p-bromoanilide. 


One of the authors desires to thank Professor F. L. Pyman, 
F.R.S., for frequent opportunity of discussing the chemistry of the 
glyoxalines and for his acquiescence in the publication of these 
results. 
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LXXV.—Studies in Hypophosphorous Acid. Part V. 
Its Reaction with Silver Nitrate. 


By Atec Duncan MITCHELL. 


SEVERAL reactions have now been studied (Mitchell, T., 1920, 117, 
1322; 1921, 119, 1266; 1922, 121, 1624) in which hypophosphorous 
acid effects reduction of inorganic substances, and certain regu- 
larities have been noted in the rate of reduction. This rate is 
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independent of the concentration of these substances (provided 
they are not too dilute) and is the same in each case for similar 
concentrations of hypophosphorous acid molecules and hydrogen. 
ions, the latter acting catalytically. The inference is drawn that 
some rearrangement of the hypophosphorous acid molecule is a 
necessary antecedent to reaction, and that the more active form 
thus produced exists, to a very small extent, in equilibrium with 
‘the molecules, the equilibrium being continuously displaced in 
favour of the more active form as it is utilised in the course of the 
reaction. It must be emphasised that the velocity coefficient 
obtained throughout these experiments is based on the assumption 
of an equilibrium and is that of the direct change: it fails to 
represent the course of the reaction in dilute solutions unless it is 
considered in conjunction with a reverse change. Similarly, it 
was shown that the catalytic effect of the hydrogen-ion can be 
expressed mathematically only if it is assumed to accelerate the 
reverse change also, 


The general scheme of the reactions may therefore be represented 
as 


io 
H,PO(OH) _ Hypophosphorous acid ‘t° H,PO,. 
(inactive). (active). 
There is a certain amount of indirect evidence that the active form 
is HP(OH), as opposed to the well-established constitution 
H,PO(OH) for the ordinary (inactive) form. It was pointed out 
previously (T., 1922, 121, 1624) that the oxy-acids of phosphorus 
and their esters show a pronounced tendency to favour the quinque- 
valent condition, and a tervalent condition, such as that suggested 
for the active form, would be associated with greater activity. 
This view is further supported by the fact that the compounds of 
the type R,PO(OH) do not exhibit reducing powers with, for 
instance, silver nitrate, whereas those of the type RHPO(OH) do 
so (R being an organic radicle). Such reducing capacity is sometimes 
ascribed to the presence of a hydrogen atom attached directly to 
the phosphorus atom, but this cannot be the primary cause, since 
hypophosphorous acid (as such) has no reducing power, at any 
rate in a large number of cases, in spite of the fact that it possesses 
two such hydrogen atoms. It appears to be far more probable 
that the more immediate cause is that the hydrogen atom is capable 
of migrating in such a way as to form a tervalent compound. 
Some organic derivatives of hypophosphorous acid are being 
studied in the hope that their behaviour will give more definite 
evidence on this point. In the meantime, it is justifiable to assume 
that the active form of the acid is isomeric with the inactive form, 
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and one has thus the essential features of tautomerism according 
to the accepted definition as “reversible isomeric change,” the 
hydrogen-ion functioning as a true catalyst in that it does not 
affect the equilibrium, but only the rate at which it is attained. 

It is believed that this is the first instance in which tautomerism 
of an inorganic compound has been put on a quantitative basis, 
although the possibility of it is suggested in the case of several 
inorganic acids by analogy with their alkyl derivatives, for example, 
the symmetrical and unsymmetrical esters of sulphurous and 
phosphorous acids, and the nitro-paraffins and alkyl nitrites derived 
from nitrous acid. In the case of sulphurous acid, the possibility 
has recently been shown to be a probability by Morgan and Smith 
(T., 1922, 121, 1956) from a consideration of the co-ordination 
number of the salicylatotetramminocobaltic complex in its bi- 
sulphite, and by Bennett (T., 1922, 121, 1795) in view of the fact 
that sulphurous acid, at the moment of its liberation from its salts, 
is capable of an auto-reduction which it does not otherwise exhibit. 
Undoubtedly, the rate of interconversion of the tautomeric forms 
of these compounds is usually far too rapid to be demonstrated 
except by methods such as that employed by Usherwood (T., 
1922, 121, 1604), who, from measurements of the ratio of the 
specific heats of hydrocyanic acid at various temperatures, deduced 
that they are affected by a heat-change which is ascribed to a shift 
in the equilibrium between the two forms. 

It seemed of interest to submit the reactions of hypophosphorous 
acid to a further examination in order to ascertain, if possible, the 
precise nature of its tautomeric form. It was hoped that such 
evidence might be obtained from a kinetic study of the reactions 
when they were due only to the active form and were so slow as 
not to be affected by the preliminary change. In the three cases 
cited, this was done with very dilute solutions of iodine, mercuric 
chloride, and cupric chloride, respectively, and in several other 
cases now being studied the required conditions are fulfilled by 
relatively stronger solutions. The reaction with silver nitrate does 
not lend itself to this purpose except when this reagent is so dilute 
—certainly weaker than N/100—as to be unsuitable for rapid 
and accurate analysis, but the results are now communicated 
because they give strong confirmation of the uniformity of the 
tautomeric change by their close agreement with the results obtained 
in the cases previously published. 

The rapidity of the reaction between the active form and the 
silver-ion renders the reverse effect of the equilibrium negligible, 
and therefore one has to consider only the direct tautomeric change 
of the molecules. This is represented by the equation ds/dt = 
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kl,(1 — «,)h,, where s is the amount of phosphorous acid produced 
in time ¢, h, is the concentration of hydrogen-ions at that time, 
and /, is similarly that of unchanged hypophosphorous acid, of 
which «, is the degree of ionisation. If h and J represent the 
corresponding quantities initially, then 1, = 1 — s, and h, = h + ms, 
since / is nearly (but not quite) a linear function of s; (1 — «,) is 
not a simple function of s, but is regarded as constant for the 
purpose of integration, and allowance is subsequently made; with 
these approximations, one has 


(h + ml)(1 — ag)kt = 2°3 (log 1/(l — s) + log(h + ms)/h). 

In employing this equation for any particular time, one uses that 
value of « which obtains half-way through the period, «,, and the 
value of m which represents the change of h with s for that period. 

The values of & thus obtained give a mean of 130 x 10°, which 
agrees with those found for the three other reductions studied, 
128 x 10°, 134 x 10°, and 111 x 10°, although in all cases the 
values decrease slightly for lower concentrations of hypophosphorous 
acid. This is believed to be due to the uncertain effect on its 
ionisation of substances which do not contain a common ion, and 
for which no correction has been applied. 


EXPERIMENTAL. 


The stoicheiometric equation for the oxidation of hypophosphorous 
acid to phosphorous acid is 2AgNO, + H,PO, + H,O = 2Ag + 
2HNO, + H,PO,, but, in the case of silver nitrate, one cannot, as 
in some cases, neglect the further stage of the reaction, so that 
one has also 4AgNO, + H,PO, + 2H,O = 4Ag + 4HNO, + 
H,PO,, and the necessary correction is applied as follows.. Nitric 
and hypophosphorous acids are monobasic when. titrated with 
either methyl-orange or phenolphthalein as indicator, whereas 
phosphorous and phosphoric acids are monobasic with the former 
indicator and dibasic with the latter. If, therefore, 1 represents 
the initial number of hypophosphorous acid molecules, and s, and 
8 the number oxidised to phosphorous and phosphoric acids, 
respectively, at any definite time, one has a methyl-orange titre of 
(L — 8, — 8) + (28, + 48.) + (8; + 8) = 1 + 28, + 48,, and a 
phenolphthalein titre of (1 — s; — 8) (28, + 48.) + (28, + 28) = 
lL + 3s, + 585, the titres being bracketed to show those due to 
(1) hypophosphorous acid, (2) nitric acid, and (3) total phosphorous 
and phosphoric acids. The difference between the two titres gives 
(8; + 8.) = 8, and hence (/ — s), and the increase in the methyl- 
orange titre over that at zero-time gives 2s, + 4s,, corresponding 
to the amount of nitric acid produced. ) 
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The correction thus introduced caused a reduction in the value of 
s amounting usually to not more than 6 per cent., but made the 
method rather more sensitive to experimental error than in the 
case of mercuric chloride, where the results were based on the total 
increase in titre. 

The calculation of results follows the same lines as in previous 
communications. The effect of the silver nitrate on the ionisation 
of the nitric acid produced (and, therefore, indirectly on that of 
the hypophosphorous acid) was allowed for in the same way as in 
the case of copper chloride, the ionisation data of silver nitrate 
and nitric acid being assumed to be the same as those of sodium 
chloride and hydrochloric acid, respectively, since the data for 
these are known very accurately (Bray and Hunt, J. Amer. Chem. 
Soc., 1911, 33, 781) and any small differences would not appreciably 
affect the slight corrections in the hydrogen-ion concentration 
necessitated by the presence of the silver nitrate. Allowance is 
made throughout for the presence of about 5 per cent. of phos- 
phorous acid initially present in the hypophosphorous acid. 

Test experiments showed that, under the conditions of experi- 
ment, (1) nitric and hypophosphorous acids had no appreciable 
mutual action, and (2) the nitric acid did not redissolve the pre- 
cipitated silver within the time of an experiment unless it became 
stronger than N/5. 

Other experimental details were very similar to those used when 
investigating the reaction with iodine, the temperature being 25° 
as before. The method of analysis usually adopted was to allow 
a definite volume of the reaction mixture to flow into 50 c.c. of 
water containing excess of sodium chloride, and then to titrate 
with sodium hydroxide (free from carbonate), using first methyl- 
orange and then phenolphthalein as indicators. The precipitated 
silver was carried down by the silver chloride and did not prevent 
the obtaining of sharp end-points. Another method, adopted with 
the weakest silver solutions (in which the oxidation of phosphorous 
acid would be negligible), was to add the desired volume of reaction 
mixture to a slight excess of N/50-ammonium thiocyanate solution, 
filter and wash the precipitate, and back-titrate the excess of 
thiocyanate with N/50-silver nitrate solution: hypophosphorous 
acid was found not to affect the accuracy of this method in blank 
experiments. 

The detail for calculation of experiment IV is shown in the 
following table. The values of s and the concentration of the 
nitric acid are obtained as outlined above, and the degrees of 
ionisation are found by graphic methods as explained in the iodine 
experiments; H* represents the concentration of hydrogen-ions 
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derived from the nitric acid, « the degree of ionisation of the hypo. 
phosphorous acid, H,’ the hydrogen-ions to which it gives rise, and 
the other quantities shown are obtained as described when the 
integration was discussed. All concentrations are in gram. 
molecules per 200 litres, as before, in order to avoid small decimals, 


2 s. l—s. HNO; ZH. a. H’>. h. l—agqg. m™. kx10, 
0 — 1108 — — 0-645 7-42 7:42 — — — 
20 0-77 10-31 1-58 1-47 0-616 7:09 856 0-370 1-480 124 
40 1-67 941 3-62 3-34 0-587 6-76 10-10 0-384 1-605 122 
60 2:68 840 5-83 5:38 0-558 6-42 11:80 0-399 1-635 121 
80 3:90 7:18 838 7-73 0-527 6-06 13-79 0-413 1-632 125 
100 5-16 5-92 11-02 10-18 0-500 5-75 15-93 0-428 1-650 126 
120 6:20 4-88 13-67 12-51 0-478 5-50 18-01 0-442 1-706 122 
140 7-37 3-71 15-92 14-70 0-459 5-28 19-98 0-458 1-703 124 
160 816 2-92 17-33 16-00 0-450 5-18 21-18 0-473 1-688 120 


Mean 123 
AgNO, = 19-80. When «= 0, @AgNOs = 0-842, @HNO;s = -— 
e= 4, "840, 0-923. 
s = 8, 0-837, 0-922. 


The amount of nitric acid formed after a further period of twelve 
hours corresponded to 19°82, thus, by its agreement with the 
initial amount of silver nitrate, 19°80, showing that the analytical 
method agrees with the stoicheiometric equation. 

The following table summarises the other experiments, values 
at zero-time being shown : 


Expt. AgNO, Z. a. H, =h. k x 10. 
1 19-6 21-90 0-544 12-35 136 
2 4-9 21-84 0-545 12-15 138 
3 39-2 21-90 0-544 12-35 137 
4 19-8 11-08 0-645 7-42 123 
6 49-0 21-90 0-544 12-35 131 
7 196-0 21-90 0-544 12-35 134 
8 9-9 10-77 0-650 7-20 118 
9 37-1 10-77 0-650 7-20 114 

10 48-8 26-54 0-520 14-21 143 
Mean 130 


Experiment 2 was carried out by the second analytical method 
and showed no falling off in the value of & until the concentration 
of silver nitrate became less than 2°0 (= N/100). Experiment 5 
was an attempt, by the same method, to follow the reaction beyond 
this, but it appeared to be complete in eight minutes and the 
accuracy of the analytical results did not warrant any deductions 
therefrom. 


Summary. 


(1) Hypophosphorous acid reduces silver nitrate at the same 
rate as, ceteris paribus, it reduces iodine, mercuric chloride, or cupric 
chloride. 

(2) This rate is independent of the concentration of the substance 
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ypo- f undergoing reduction, provided it exceeds a definite value, which 
and ff js /50 in the case of silver nitrate, and is ascribed to a change 
the § involving the formation of an active form of the acid. 

‘am. § (3) In view of the uniformity of these reductions and of the 
1als, definite evidence that the above change is reversible, it is suggested 
that one has here the first substantiated case of tautomerism in an 
inorganic acid. 

UNIVERSITY OF LONDON, 

1 SoutH KensrineTon, S.W. [Received, February 3rd, 1923.] 
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LXXVI.—Silver Salvarsan. 


By Witu1am HERBERT GRAY. 


In 1913, Ehrlich directed attention to the fact that salvarsan 
lve § (diaminodihydroxyarsenobenzene dihydrochloride) had the re- 
the | markable property of forming stable complexes with salts of the 
cal | heavy metals. In these, the ionic reactions of the metal had 
disappeared ; for instance, they could be made alkaline, and thus 
1eg § suitable for intravenous injection, without losing their solubility. 
Sodium silver salvarsan (Brit. Pat. 1247/1914) has come into 
prominence for the treatment of the highly resistant late stages of 
syphilis, and therefore it is of great importance that the real nature 
of these products should be ascertained. 

Two views have hitherto been advanced, (1) that silver salvarsan 
and sodium silver salvarsan * are co-ordination compounds, (2) that 
sodium silver salvarsan is a mixture containing colloidal silver. 
Ehrlich and Karrer (Ber., 1915, 48, 1634) considered that salvarsan 
formed an additive compound (I) with two molecules of silver 
nitrate, in which the silver was attached by residual valency to the 
od atsenic : 


nf NH,,HCl NH,,AgCl 
” Air * "ae 
: " OH _As ree AgNO, OK - ii 
2 i ee AgNO, OHY As 
s NH,,HCl NH,,AgCl 


Karrer (Ber., 1919, 52, 2321) still maintains this, and states that 
sodium silver salvarsan is formed simply by replacement of the 


© | phenolic hydrogen by sodium. Binz and his collaborators (Arb. 


c 
* For convenience, the author here uses the names ‘“‘ sodium silver sal- 
e | Yatsan” and “silver salvarsan” to distinguish between the alkalised and 
non-alkalised reaction products of salvarsan and silver nitrate. 
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Inst. exper. Ther. Georg Speyer-Hause, 1919, 8, 25; Ber., 1920, 
53, [B], 416), on the contrary, considered that the silver was 
attached to nitrogen as in (II), but have recently suggested that 
there are two series of compounds, one in which silver is attached 
to nitrogen, the other in which it is attached to arsenic (Ber., 1922, 
55, [B], 3826). The possibility, on the other hand, that the dark. 
coloured sodium silver salvarsan might contain colloidal silver 
was suggested by Kolle (Deut. med. Woch., 1918, 1177) and investi. 
gated by Bauer (Arb. Jnst. exper. Ther. Georg Speyer-Hause, 1919, 
8,45; Ber., 1920, 53, [8], 416), who found that the solution passed 
unchanged through parchment paper and collodion membranes 
and concluded that colloidal silver was not present, and by Raiziss 
and Gavron (J. Pharm. Exper. Ther., 1922, 20, 163), who obtained 
the contrary result, arsenic passing the parchment but no silver, 
and suggested that sodium silver salvarsan was a mixture of sodium 
salvarsan and colloidal silver. 

The author has for some time been investigating the nature of 
silver salvarsan and sodium silver salvarsan, in solutions in methyl 
alcohol as used by Ehrlich and Karrer, and aqueous solutions as 
used by Binz. 

In solutions in methyl alcohol, it was found that if an excess 
of ether were used for precipitation, as is customary in the salvarsan 
series, a solid could be obtained from the reaction mixture of 
diaminodihydroxyarsenobenzene hydrochloride and silver nitrate 
having the same silver-content as that of Ehrlich and Karrer, who 
did not state the amount of ether taken. If, however, the alcoholic 
solution were added to a comparatively small quantity of ether, 
a solid, soluble in water, was precipitated which contained arsenic, 
silver, and chlorine in the atomic ratios 2: 7-1:6-4. This contains 
more silver and less arsenic than could correspond to a co-ordin- 
ation compound; it therefore consists of colloidal silver chloride, 
reversibly soluble owing to the small amount of arsenic compound 
now precipitated with it, the chief constituent of which is probably 
the hitherto undescribed diaminodihydroxyarsenobenzene dini- 
trate. This view receives support by the observation that in more 
concentrated methyl-alcoholic solutions, if the alcohol were dry, 
silver chloride was precipitated without the addition of ether. 
Under similar experimental conditions, solutions of sodium silver 
salvarsan in methyl alcohol yielded colloidal silver oxide, reversibly 
soluble in water. 

In the case of aqueous solutions, emphasis has been laid by 
previous workers on the difficulty of investigating the inter- 
action of salvarsan and silver nitrate owing to the similar solubility 
of all the substances concerned. Binz, Bauer, and Hallstein (Arb. 
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Inst. exper. Ther. Georg Speyer-Hause, 1919, 8, 25) could not, for 
this reason, elucidate the nature of a solution containing two mole- 
cular proportions of silver nitrate. It is now found that all the 
silver is removed from aqueous solutions of both silver salvarsan 
and sodium silver salvarsan by aqueous picric acid, owing to the 
simultaneous precipitation of the diaminodihydroxyarsenobenzene 
as an insoluble picrate. From the solid products so obtained, the 
picrate is readily removed by acetone, leaving solids rich in silver 
chloride and silver oxide, respectively, but containing only a small 
amount of arsenic. Like Paal’s colloidal silver, precipitated by 
acid from sols containing sodium protalbinate or lysalbinate (Ber., 
1902, 35, 2224), these are insoluble in water but soluble in alkali. 

In the case of sodium silver salvarsan, it is probable that colloidal 
silver is present as well as silver oxide, for a comparatively large 
amount of arsenic is not precipitated by picric acid, indicating 
that oxidation of the salvarsan by the silver oxide has occurred ; 
whereas in the case of silver salvarsan the percentage of arsenic 
precipitated is the same as in the case of salvarsan alone. The 
oxidation products of salvarsan, 3-amino-4-hydroxyphenylarsenious 
oxide and the corresponding acid, are not precipitated by picric 
acid under these conditions. 

The above results obtained with silver salvarsan and with sodium 
silver salvarsan, both in aqueous and alcoholic solution, seem to 
indicate conclusively that to the properties of diaminodihydroxy- 
arsenobenzene and its salts as protective colloids must be ascribed 
the phenomena observed in their reactions with silver nitrate. 
In the case of silver salvarsan, silver chloride is formed by double 
decomposition and remains in solution, being protected by the 
diaminodihydroxyarsenobenzene dinitrate, but not essentially in 
stoicheiometric proportions. In the case of sodium silver salvarsan, 
the silver is present as oxide and probably to some extent as metal, 
both again being protected by the colloidal sodium salvarsan as 
suggested by Raiziss and Gavron (loc. cit.), or by its hydrolytic 
product, ‘‘ salvarsan base.”’ The occurrence of some combination 
is not excluded by these results, but the double decomposition 
appears to form the predominating part of the reaction. 

Contrary to the representation by Ehrlich and Karrer of the 
material obtained by them as a silver nitrate additive product, it 
follows that it is a mixture of two molecules of silver chloride and 
me of diaminodihydroxyarsenobenzene dinitrate; such a mixture 
would have the silver content observed by them. The precipitate 
obtained from this by Karrer (Ber., 1919, 52, 2323) on addition of 
sulphuric acid and considered by him to be a sulphate of the 
co-ordination compound is equally well explained as a mixture of 
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diaminodihydroxyarsenobenzene sulphate with two molecules of 
silver chloride. 

With regard to the statement of Binz and Ludwig (Ber., 1922 
55, [B], 3826), that oxidation occurs if more than one molecular 
proportion of silver nitrate be added to salvarsan, which does not, 
however, appear to arise out of the results described by them, no 
difference in the nature of the reaction in alcoholic solution was 
observed when one or two molecules were taken; in aqueous solu. 
tion, oxidation did not occur when two molecules of silver nitrate 
were used. 

Complete analyses of some specimens of commercial sodium 
silver salvarsan are given in the experimental part. It is seen that 
they differ from those made from salvarsan in containing sulphate 
instead of chloride. A specimen corresponding in composition to 
the commercial product, however, behaved in a similar manner to 
those described above when treated with picric acid and acetone. 


EXPERIMENTAL. 


Isolation of Colloidal Silver Chloride from Methyl-alcoholic Silver 
Salvarsan Solutions.*—(a) Two molecules of silver nitrate. 2-16 
Grams of silver nitrate were dissolved in 105 c.c. of dry methyl 
alcohol and added to a solution of 3 grams of salvarsan in 52 c.., 
of methyl alcohol. The deep red solution obtained was added ina 
thin stream to 170 c.c. of dry ether. After shaking well, the 
granular precipitate was filtered, washed with ether, and dried in 
a vacuum desiccator (yield 2-3 grams). It formed a brown powder, 
soluble in water with the exception of a very slight residue, less 
soluble in methyl alcohol, soluble to a clear dark brown solution in 
aqueous sodium hydroxide (Found: Ag = 51-18; As = 10-04; 
N = 3-06; Cl = 15-47 per cent. Atomic ratio Ag: As = 7-1:2; 
N: As = 33:2; Cl: Ag =0-9:1). 

With regard to the nature of the arsenic compound present here 
together with silver chloride, the ratio of nitrogen to arsenic suggests 
that it partly consists of salvarsan nitrate (see p. 641). The re- 
mainder is probably salvarsan base, since the whole of the arsenic 
was present in the arseno-form, being precipitated from an aqueous 
solution of the substance by picric acid. One gram was dissolved 
in water, centrifuged clear from a trace of solid, and added to 100 c.c. 
of 1 per cent. aqueous picric acid, cooled in ice. The granular, 
brown product was filtered and dried (Found: Ag = 44:4; As= 
8-61; Cl = 13-2 per cent. Ag: As =7-17:2; Cl: Ag = 0-9: 1). 
The filtrate contained no silver. The fact that the ratio of chlorine 


* Throughout these experiments the air was displaced by nitrogen. 
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to silver is unchanged is additional evidence that the silver was 
resent as silver chloride. 

The alcohol-ether filtrate from the above precipitation by ether 
was poured into 690 c.c. of ether. 1-68 Grams of a lighter-coloured 
solid were obtained (Found: Ag = 3-71; Cl = 0-55; As = 27-16; 
N=931. Ag: As=0-19:2; N:As=3-7:2. Salvarsan dini- 
trate made from the above salvarsan, mixed with 4-9 per cent. of 
silver chloride, requires As = 27-16 per cent.; N: As = 3-9: 2). 

(b) One molecule of silver nitrate. 1-08 Grams of silver nitrate 
were dissolved in 52 c.c. of methyl alcohol and added to 3 grams 
of salvarsan, dissolved in 52 c.c. of methyl alcohol. The clear red 
solution was added to 79 c.c. of dry ether cooled to 0°, and the 
precipitate filtered, washed with ether, and dried (yield 1-3 grams) 
(Found: Ag = 37-87; As = 16-19; Cl= 15-15 per cent. Ag:As= 
$25:2; Cl: Ag=1-2:1). The ratio Ag: As is too high for a 
co-ordination compound, as before, and the ratio Cl: Ag shows the 
presence of silver chloride. 

The filtrate was added to 1000 c.c. of ether. 2-1 Grams of solid 
were obtained, containing only a small quantity of silver, and 
arsenic corresponding to salvarsan dinitrate as before (Found: 
Ag = 5-65; As = 27-33 per cent.). 

Isolation of Colloidal Silver Oxide from Methyl Alcoholic Sodiwm 
Silver Salvarsan Solution—2-15 Grams of silver nitrate were dis- 
solved in 105 c.c. of methyl alcohol and added to a mixture of 
$ grams of salvarsan in 52 c.c. of methyl alcohol and 11-7 c.c. of 
20 per cent. methyl-alcoholic sodium hydroxide. A solid separ- 
ated, which was at first overlooked owing to its fineness of division 
and the intense colour of the solution; this was centrifuged off and 
dried in a vacuum (yield = 0-7 gram). It formed a black powder 
with metallic lustre, readily soluble in water to a clear dark brown 
solution, and effervescing slowly when treated with hydrazine 
hydrate (Found: Ag= 78-4; As=5-1 per cent. Ag: As = 
21-2 : 2). 

Isolation of Colloidal Silver. Chloride from Aqueous Silver Sal- 
varsan Solution —2-57 Grams of silver nitrate (2 mols.) were dis- 
solved in 152 c.c. of water and added to 3-65 grams of salvarsan 
in 300 c.c. of water. The clear deep red solution formed was 
added to 6-2 grams of picric acid dissolved in 620 c.c. of water, 
and the precipitate washed by decantation and dried in a vacuum 
desiccator (yield 6-7 grams). It formed a brown powder (Found : 
Ag = 23-56; As=14-70 per cent. Ag:As=2-2:2). The 
filtrate contained no silver. From the above figures, 88-1 per 
cent. of the arsenic taken is present in the picric acid precipitate. 
This is in‘ good agreement with the corresponding figure (86-5 per 
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cent.) for the precipitation of diaminodihydroxyarsenobenzene 
picrate alone (below); it follows that oxidation of the salvarsan 
by the silver nitrate had not occurred. 

Extraction of the Picric Acid Precipitate with Aceione—Two 


grams were shaken with 7-5 c.c. of acetone containing 5 per cent, | 


of water. A large portion immediately dissolved, leaving a light 
yellow solid, which was centrifuged off, washed in the tube with 
another 7-5 c.c. of acetone, which was now only slightly coloured, 
and dried in a vacuum desiccator (yield 0-4 gram). It formed a 
faintly yellow powder (Found: Ag = 62-65; As = 3-47; Cl= 
20-32. Ag: As =25-1:2; Cl: Ag=0-99:1; AgCl = 83-2 per 
cent.). On further washing with acetone, it tended to pass into 
colloidal solution. 

Isolation of Colloidal Silver Oxide from Aqueous Sodium Silver 
Salvarsan Solution.—2-15 Grams of silver nitrate were dissolved 
in 12 c.c. of water and added to a solution of 3 grams of salvarsan 
in 65 c.c. of water and 3-4 c.c. of 45 per cent. sodium hydroxide. 
The clear dark solution was added to a solution of picric acid 
(excess), made by dissolving 9-2 grams of picric acid in 420 c.c, 
of hot water and cooling just before use. The mixture was well 
shaken and the granular precipitate washed and dried in a vacuum 
desiccator (yield 4:23 grams). It formed a dark solid, partly 
soluble in acetone (Found: Ag = 30-3; As = 13-9 per cent. 
Ag: As = 3-03:2. The ratio Ag: As in the quantities taken = 1:1). 
The filtrate contained no silver. The ratio of silver to arsenic is 
here increased to a markedly greater extent than in the correspond- 
ing precipitation of silver salvarsan (p. 639). This implies that 
part of the salvarsan has here been oxidised at the double bond 
by the silver oxide, since the oxidation products would not be 
precipitated, and it follows that the solid colloidal product obtained 
below partly consists of colloidal silver. 

Extraction of the Picric Acid Precipitate with Acetone—Two 
grams were shaken with 7-5 c.c. of acetone, and the undissolved 
portion centrifuged off and washed twice by shaking with a similar 
quantity of acetone and centrifuging (yield 0-4 gram). It formed 
a black powder, insoluble in water but readily soluble in dilute 
alkali to a deep brown solution (Found: Ag = 84:92; As = 2-99; 
Cl = 1-28 per cent.). It caused slow effervescence in hydrazine 
hydrate, and therefore contained silver oxide; the presence of 
colloidal silver also is probable owing to the observed oxidation of 
the salvarsan. On further washing with acetone, it tended to pass 
into colloidal solution, but not so readily as the silver chloride 
(above). 

3: 3’-Diamino-4 : 4’-dihydroxyarsenobenzene Dipicrate.—One gram 
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of salvarsan was dissolved in 100 c.c. of water at 0° and treated 
with 100 c.c. of 1 per cent. aqu’ous picric acid solution at 0°. The 
suspension was shaken well and the granular precipitate washed by 
decantation and dried in a vacuum desiccator (yield, 86-5 per cent. 


of the theoretical). It forms a deep yellow powder, sparingly 


soluble in water, moderately soluble in ethyl alcohol, and readily 
soluble in methyl alcohol, or acetone containing a small quantity 
of water; m. p. 142° (corr.) with decomposition (Found: As = 
186; N= 12-8. Atomic ratio N: As =7-4:2. CH,,0,.N,As, 
requires As = 18-2; N = 13-6 per cent. The ratio N: As in the 
salvarsan used, however, was 1-9:2, a number of specimens of 
salvarsan examined, which had been made by the usual commercial 
method, agreeing in this respect. A dipicrate made from this 
salvarsan requires N : As = 7-6: 2). 

3:3’-Diamino-4 : 4’-dihydroxyarsenobenzene Diniirate—1-96 Grams 
of salvarsan base, made by Christiansen’s method (J. Amer. Chem. 
Soc., 1921, 43, 2207), were dissolved in 20 c.c. of dry methyl alcohol 
containing the theoretical quantity of nitric acid. The clear 
solution was poured into 400 c.c. of dry ether, and the solid obtained 
filtered, washed with ether, and dried in a vacuum desiccator 
(yield = 2-3 grams). It formed a pale yellow, granular solid, 
readily soluble in water, methyl alcohol, or ethyl alcohol, and 
decomposing on heating without melting (Found: As = 28:3; 
N= 10-35. N:As=3-9:2. C,,H,.0,N,As,,2HNO3;,2H,O _ re- 
quires As = 28:4; N = 10-6 per cent.). It was precipitated by 
dilute sulphuric and picric acids and, like salvarsan, gave an orange 
coloration with p-dimethylaminobenzaldehyde. 


The Composition of Commercial Sodium Silver Salvarsan. 


Specimens of the commercial product from three countries gave 
the following percentage results, corrected for loss of weight in a 


vacuum desiccator. 
Loss 

Speci- ina S (sul- 

men, vacuum. Ag. As. Na. S (total). phate). C. a. B.. & 
] 4:27 14:05 21-63 10-39 4-53 4:00 21-94 2-50 4-11 0.15 
2 9-81 18:04 22-13 10-85 3°63 2:12 22-40 2-77 4:36 0-22 
3 8-72 13-3 19-98 12-83 5-12 4-0 19-11 2-58 4-00 0-38 

The Analytical Method Employed. 

The method described by Binz, Bauer, and Hallstein (Ber., 
1920, 53, [B], 426) was tried, but discarded in favour of the follow- 


ing, which was found to be more rapid and exact. 0-2 Gram of 


the substance is mixed in a flask with 2 grams of powdered potassium 
2 
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permanganate and 10 c.c. of water. Ten c.c. of concentrated 
sulphuric acid are then gradually added and the mixture is warmed 
gently for fifteen minutes. Oxalic acid solution is next added 
until the colour is removed, and if silver is present this is now 
precipitated and removed as usual. The filtrate is evaporated to 
a volume of 60 c.c. and the arsenic estimated iodometrically. 

If the substance to be examined is a picrate, it is necessary to 
remove completely the oxides of nitrogen resulting from the oxid- 
ation, otherwise the arsenic result may be slightly high. This is 
satisfactorily done by transferring the mixture to a beaker after 
the addition of oxalic acid, boiling gently for fifteen minutes, 
retransferring to the flask and diluting to 150 c.c. with water. 
The contents of the flask are now evaporated down to 60 c.c. and 
proceeded with as before. The figures marked with an asterisk in 
the following table are examples of the results obtained by this 
method : 


Pure silver nitrate ........ccccc0e Ag = 63-22, 63-05 (thiocyanate); 63-20*. 
Silver salvarsan ...........s0.00s Ag = 13:29; As = 20-04 (Carius); Ag = 


me = another sample As = 15-97 (Carius); 16-14*. 
Picric acid precipitate (p. 639) Ag = 30-28; As = 13-88 (Carius); Ag = 
30-22*; As = 13-88*. 


Chlorine was estimated by the Carius method in all cases. 


In conclusion, the author would like to express his gratitude to 
Dr. T. A. Henry for his interest and valuable advice, and to Mr. 
W. Ramsay for assistance in the considerable amount of analytical 
work which has been involved. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
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LXXVII.—Tesla-luminescence Spectra. Part I. The 
Form of Apparatus and the Spectrum of Benzene. 


By Wriw1am Hamitton MoVicker, JosepH KENNETH Mars, 
and ALFRED WALTER STEWART. 


In 1895, Wiedemann and Schmidt (Ann. Physik, 1895, 56, 20) 
showed that when electrical discharges from an induction coil 
were passed through the vapours of organic compounds at low 
pressures, a luminescence made its appearance. Later, Kauffmann 
(Z. physikal. Chem., 1898, 26, 719; 27, 519; 1899, 28, 688; Ber., 
1900, 33, 1725) discovered that the vapours of certain organic 
compounds exhibited luminescence when influenced by the Tesla 


ical 
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discharge even when under ordinary pressure ; and he endeavoured 
to trace a relationship between the colour and intensity of the 
luminescence on the one hand and the constitution of the substances 
under examination on the other. Kauffmann observed further 
that many substances which emitted a bluish-violet luminescence 
under the action of Tesla waves had also a power of fluorescing 
under the action of light. 

These more or less qualitative investigations, although interesting, 
do not go to the root of the matter. Only an accurate investigation 
which includes both the visible and the ultra-violet spectrum can 
throw any real light on the problem as a whole; and up to the 
present this has not been attempted.* 

In this and the following papers of the series the subject will be 
investigated over the whole photographic spectrum ; and the influence 
of various factors—both constitutional and physical—will be 
examined. 

The Apparatus. 


The instrument used in this investigation was a Hilger quartz 
spectrograph, size C, which yields a photograph 200 mm. in length 
between the wave-lengths 2100 and 8000. The probable error in 
reading the plates dealt with in the present paper is about 1 unit 
at the ultra-violet end of the luminescence spectrum and 5 units 
at the red end; at least, independent readings are found to concord 
within these limits and are often closer. 

The cell in which the vapour was placed for examination (Fig. 1) 
was a glass tube about 1? inches in diameter, having at one end a 
quartz window of { inch diameter. The other end of the tube was 
filled with a stopper through which passed a mercury electrode, 
enclosed in a glass tube. Two side-tubes blown into the main 
body of the cell served as inlet and outlet for the vapour under 
examination. The exterior of the cell was wrapped round with 
metallic foil, which constituted the exterior electrode. The quartz 
window of the cell was placed about 3 inches from the slit of the 
spectrograph. 

Round the whole cell could be placed a steel jacket, into which 
three side-tubes were screwed. One of these served for introducing 
a thermometer; the other two were provided as inlet and outlet 
tubes for the vapour of a constant-boiling liquid. By this means, 
temperature regulation of the cell can be obtained. In actual prac- 
tice hitherto, however, it has been sufficient to fill the jacket with 
mercury and heat it directly. 

* Since this paper was sent in, Professor Victor Henri has informed us that 
he has independently been at work in this field, although he has not yet 


published any results. 
z*2 
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In early experiments, the Tesla current was obtained from 
laboratory-built Tesla transformer having forty coils in the primary 
(diameter 5 cm.) and 460 coils in the secondary (diameter 7°5 cm.), 
the whole being immersed in an insulation of heavy oil. A Leyden 
jar of about 1 litre capacity was used. This apparatus was worked 
with a choke-coil off a Clapp-Eastham quarter-kilowatt high. 
tension transformer, as supplied by Messrs. Hilger for use with their 
sector spectrophotometer. We obtained quite good results with 
this instrument; but it seemed advisable to employ a more powerful 
machine in order to be certain of getting the fullest possible spectra, 


Fia. 1. 


CCE EZ 


1. Induction coil. 7. Quartz window. 

2. Spark gap. 8. Temperature jacket. 
3. Leyden jars. 9. Cell. 

4. Primary of Tesla transformer. 10. Metal foil electrode. 
5. Secondary _,, Fe 11. Vapour exit tube. 
6. Mercury electrode. 12. »» inlet tube. 


More recent work has therefore been done with a high-frequency 
apparatus supplied by the Medical Supply Association, Ltd. It 
contains 330 coils in its secondary (diameter 22 cm.), and its primary 
circuit is variable up to 30 coils. It is air-insulated and the secondary 
is directly coupled to the variable primary. Since one end of this 
instrument is permanently earthed, it is sufficient to connect the 
end of the high-tension secondary with the internal electrode of 
the cell and to earth either the steel jacket or the metal foil coating 
of the cell. In this way, a very steady Tesla discharge passes, 
as in an ozoniser, across the vapour which the cell contains. The 
Tesla transformer has four Leyden jars (capacity about 10 litres each), 
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connected in pairs on either side of the zinc spark-gap. As a source 
of current in this case, an 18-inch spark coil, supplied by X-Rays, 
Lid., was employed. 

It has been found that this arrangement produces the best results. 
The luminescence is, in the case of aniline, easily visible to the naked 
eye, being violet in tint. With a narrow slit in the spectrograph, 
the plate is well marked in fifteen minutes; and an exposure of 
one hour brings out the spectrum with perfect clearness. In order 
to avoid the influence of any stray light, all the exposures have 
been made in a darkened room. 


The Tesla-luminescence Spectrum of Benzene. 


In order to distinguish fluorescence spectra and absorption spectra 
from the spectra produced by the Tesla discharge, it seems desirable 
to coin a distinguishing word for the last-named group; and there- 
fore the convenient name ‘“ Tesla-luminescence spectra ”’ will be 
applied to them. 

At ordinary pressures, aniline glows strongly under the Tesla 
discharge; but when the spectrum is photographed, it is found to 
be a short continuous spectrum lying approximately between the 
wave-numbers (v = 1/A) 3333 and 2500, the brightest region being 
near 3076. Even with the most careful examination it shows no 
trace of either lines or bands. This spectrum appears with a 15- 
minute exposure; and increases in the exposure up to an hour led 
only to a slight extension of the spectrum at each end, unaccom- 
panied by any change in character. 

When benzene vapour is introduced into the cell at ordinary 
pressure and at its boiling point, it appears luminescent with a 
green glow; but on closer inspection this light emission seems to 
be produced by tiny green sparks; and some slight carbonisation 
of the benzene is noticeable. An attempt to photograph this 
“luminescence ” yielded only a fragmentary carbon spectrum 
and some lines which were probably metallic and air lines produced 
by the sparking outside the cell at this pressure. The pressure in 
the cell was therefore reduced to 65 mm.; and under this pressure 
and at the ordinary temperature benzene emitted an easily photo- 
graphable spectrum. 

The Tesla-luminescence spectrum of benzene under these con- 
ditions is marked by a somewhat surprising regularity. It consists 
of a number of fine bands which, so far as we have observed them, 
fall into seven groups. The most refrangible band—that which 
occurs at v = 3765—appears to belong to a band-group of which 
the remainder is concealed by the absorption of the benzene vapour 
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in the cell. Then follows a group of four strong bands.* with a 
narrow band accompanying each; and two less strong and broader 
bands in which it seems probable that a primary and a secondary 
band may have been fused together. The bands of the series 
decrease in intensity more or less regularly from the more refrangible 
end. This system of ten bands may for convenience’ sake be 
termed Group F. 

This whole series of bands is repeated again in Groups E, D, and 0. 
Of these, Groups E and D are the strongest. Following Group ( 
at the least refrangible end are Groups B and A, where the bands 
are broad and more feeble. Beyond the least refrangible band of 
Group A there is an ill-defined region in which obviously some 
actinic effect has occurred on the plate; so that possibly there is 
another very feeble band-group here. 

In Table I, in order to distinguish between the primary and 
secondary bands, the wave-numbers of the primary bands are given 
in full; whilst for the secondary bands only the last two figures 
are printed—the first two figures being the same as those of the 
primary below. All bands shown to the left of the full line in the 
table are of good definition, whilst bands to the right of the dotted 
line are exceedingly indistinct. 


TABLE I. 


Group Group Group Group Group Group 
Primary bands. F. E. D. C. B. A. 


Bright l. 3 3752 3652 3554 3454 3357 3257 
F 41 42 42 45 de on 

2] 2. $ 3736 3636 3537 3438 3339 3242 

a 3 25 25 28 28 ass si 

s/ 3 @ 3717 3618 3521 3422 3322 3229 

3 08 1l 12 11 oe - 

| 4. 2 3703 3602 3504 3405 3308-3211 

g 5 93 es 8 — | w= ion 

2| 5. 2 3686 3586 | 3488 3390 {3294 3194 

Fainter 4 76 — — — i — 
Y 6. 3765 3666 3570 |3471 3376 / 3279 dot 


Inspection of these figures will bring out immediately one set of 
regularities in this spectral system which is exhibited by both the 
primary and the secondary bands alike. Taking any band in Group 
F, for example, there is a band corresponding to it in Group E and 
having a wave-number 99 units less on the average. For example, 

* Towards the more refrangible end there appears to be a very faint line 
situated 2 Angstrém units from the brightest line of the series: and this 
seems to be repeated in the other groups. These lines, however, are 80 
faint that they have been omitted from the tables given later, as in these 
tables only absolutely certain data have been included. 
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the primary band 4 occurs in Group F at 3703 and in Group E at 
3602, the difference being 101; the secondary band 4 in Group F 
occurs at 3693, and at 3592 in Group E, so that here again the differ- 
ence is 101. The same relations hold good all down the series of 
the band-groups; so that, within experimental error, the following 
relationship holds between the wave-numbers of corresponding 
bands in the various Groups : 
(F — E) = (E — D) = (D —C) = (C — B) = (B — A) = 99 approx. 

In addition to this simple regularity in the distribution of the 
corresponding members of the various band-groups throughout 
the Tesla-luminescence spectrum, there is another relationship 
which appears to be even more fundamental, since it connects 
together the whole of the bands of the spectrum. 

The wave-numbers of all the bands appear to be expressible 
by the general formula 

v= 98°712"7 —O98'712 m/6 . . . . ... (I) 


where » is successively made equal to 33, 34, 35... and m in 


succession is put equal to 0, 1, 2,3,4.... 
In the case of the primary bands, this formula is reducible to 


| ae, 


where J is an integer belonging to the series 194, 195, 196 . . . 228. 


TABLE II. 


Table II shows the closeness in the agreement between calculated 
and observed values when formula (2) is employed. The figures 
which differ by more than 1°5 units from the calculated values 
are italicised. They are, without exception, those of very indistinct 
bands, in the cases of which the reading of the plates presented 
great difficulty. This difference of 1‘5 units corresponds to about 
1 Angstrém unit in Group F and 1°5 Angstrém units in Group A. 
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On the photographic plate it is represented by about 0"lmm. Read. 
ings accurate within this limit cannot be expected, even in the 
most favourable circumstances. 

The values of the secondary bands can be obtained by the use 
of the modified formula : 


v = 16°4527 — 11. 


Tesla-luminescence and Fluorescence Spectra. 


Since benzene was already known to emit a fluorescence spectrum, 
it seemed of interest to compare the results obtained in this field 
with those which have now been produced by means of the Tesla 
current. The two cases are not exactly comparable at present, 
since the fluorescence spectrum has been obtained from alcoholic 
solutions and not from benzene vapour like our Tesla-luminescence 
spectrum. We hope to examine the fluorescence of benzene vapour 
in the near future; but in the meantime it will be sufficient to direct 
attention to a striking point which comes to light when the fluores- 
cence of benzene in alcoholic solution is compared with the Tesla- 
luminescence results. 

Stark (Physikal. Z., 1907, 8, 81,250; Ber., 1907, 40, 878) examined 
the fluorescence spectrum of benzene in 0°5 and 0-05 per cent. 
solutions. With the 0°05 per cent. solution he observed four bands 
with heads at 3676, 3571, 3534, and 3425. A more recent examin- 
ation of the fluorescence spectrum of benzene by Dickson (Z. wiss. 
Photographie, 1912, 10, 166) led to the detection of bands at the 
wave-numbers 3848, 3795, 3733, 3631, 3537, 3436. 

It is a well-established fact that the solvent exercises a definite 
influence on the optical properties of a solute. For example, 
Kauffmann and Beisswenger (Ber., 1903, 36, 2494) observed that 
the colour of the fluorescence of dimethylnaphtheurhodin changed 
according to the solvent employed, being green in ligroin, yellow 
in pyridine, orange-yellow in acetone, orange in ethyl alcohol, 
and reddish-orange in methyl alcohol. Again, in passing from vapour 
to solution in the case of benzene, it was found by Hartley (Phil. 
T'rans., 1908, [A], 208, 519) and Grebe (Z. wiss. Photographie, 1910, 
9, 130) that absorption bands are shifted towards the less refrangible 
rays by 10—20 Angstrém units. It seems reasonable to make a 
similar correction in the case of the fluorescence spectrum of benzene 
and to add 19 units to the wave-numbers given by Dickson for his 
bands. When the resulting figures are compared with those repre- 
senting the brightest bands of the Tesla-luminescence spectrum 
in the same region, the following appears : 


Wave-numbers of Tesla bands ..........ccccccccoscees 3752 3652 3554 3454 
Wave-numbers of fluorescence bands + 19 ...... 3752 3650 3556 3455 


ead. 
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The agreement here is striking; and it is scarcely possible to 
avoid the inference that the two series of bands are directly related 
toeach other in the closest fashion. It is evident that if the fluores- 
cence spectrum be shifted bodily towards the more refrangible 
region it will fit, within experimental error, upon the principal 
portions of the Tesla-luminescence spectrum. 

In this connexion it may be pointed out that the excitation by 
means of Tesla waves appears to bring out parts of the spectrum 
which are not easily stimulated by ordinary light; so that the Tesla 
method holds out great promise in this field. Further, since the 
fluorescence spectrum is included in the more complete Tesla- 
luminescence spectrum, it seems clear that both fluorescence and 
Tesla-luminescence must have some common factor in their origin ; 
and the intricacies of the Tesla-spectra, with their exact and simple 
mathematical relationships, seem to offer a field of investigation 
much more promising than that which has hitherto been opened 
in the case of fluorescence excited by light-waves. 


The Tesla-luminescence and Absorption Spectra of Benzene Vapour. 


Striking as the foregoing comparison appears, a much more 
interesting problem arises when the Tesla-luminescence spectrum 
of benzene is placed side by side with the absorption spectrum of 
the same substance, both spectra being obtained with the substance 
in the gaseous state. 

Hartley (Phil. Trans., 1908, A, 208, 384) gives a map of the absorp- 
tion bands detected by him in the vapour of benzene at a temper- 
ature of 100° and under a pressure varying from 206 mm. to 37 mm. 
In this map, he distinguishes the absorption bands as members 
of four different series, of which the first and second series are strong 
bands, whilst the third and fourth series contain weak bands. 

When Hartley’s first series of wave-numbers for the absorption 
bands is placed alongside the series of wave-numbers of the Tesla- 
luminescence emission bands in the same region, it is evident that 
the two series run side by side (see Table III). Further, if a constant 
difference of only two units be ascribed to a difference between his 
readings and ours, owing either to scale error or personal equation, 
then it is self-evident that the two series are identical within 
experimental error. 

In drawing up the list of Hartley’s absorption bands, we have 
confined ourselves to those bands which are actually marked on 
his map (loc. cit., p. 484). This shows no bands at the positions 
marked with asterisks in Table III; but an examination of the 
fuller tables of bands given by Hartley in his text proves that there 
are actually regions of absorption corresponding to the Tesla- 
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luminescence spectrum even at these four points; so that the 
congruity between the two sets of measurements is even greater 
than appears from Table III. The bands have been taken in exactly 
the order in which they come in our Table I and in Hartley’s spec. 
trum-map, no band being omitted in either case. 


TaBeE III. 
Tesla- Tesla- 
Hartley’s lumin- Hartley’s lumin- 
Hartley’s values escence Hartley’s values escence 
absorption plus emission absorption plus emission 
bands. 2 units. bands. bands. 2 units. bands. 
3761 3763 3765 3683 3685 3686 
3754 3756 ? eed sess 3676 
3749—52 3751—54 3752 +e eee 3666 
3738 3740 3741 3656 3658 ? 
3734 3736 3736 3650 3652 3652 
3722 3724 3725 oes esse 3642 
3716 3718 3717 tated oses 3636 
3708 3710 3708 3621 3623 3625 
3700 3702 3703 3617—18  3619—20 3618 
3691 3693 3693 


The interpretation of these results admits of no doubt. The 
Tesla-luminescence spectrum of benzene vapour evidently represents 
the absorption spectrum reversed, just as the Fraunhofer dark line for 
sodium represents a reversal of the luminous D-line. Thus for the 
Jirst time it has been possible to exhibit the Fraunhofer effect in the case 
of a complex organic compound of known constitution. 

In view of the simplicity of the benzene Tesla-luminescence 
spectrum, this achievement seems to mark the opening of a very 
promising chapter in spectroscopic work; and it suggests that after 
we have accumulated more experimental data, a mathematical 
treatment of absorption spectra may be taken up from an entirely 
fresh point of view. 

In this connexion, mention may be made of the following interest- 
ing relationship which has been detected by one of us (J.K.M.). 
The strongest band in the Tesla-luminescence spectrum of benzene 
is found at A = 2814. Its wave-number = 3554, that is 6° x 
16°452 (it has already been shown that the positions of the heads 
of the successive band-groups differ by 6 multiplied by the basic 
constant 16°452). Now calculation shows that a band with the 
wave-number 67 x 16°452 would have a wave-length = 1°68». 
This is exactly the position of a strong infra-red band in the benzene 
spectrum, of which the second octave, at 6°75, is also very strong 
(Coblentz, Astrophys. J., 1904, 20, 207; Pub. Carnegie Instit. 
Washington, 1905, No. 35). Again, the value 6 x 16°452 would 
correspond to an infra-red band at 10°lly; and in actual practice, 
strong bands have been detected at 9°78u and 10°30n. Ata distance 
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of 1°68 units from 10°11, is found the band 11°80u. The fundamental 
wave-length of the whole group would lie at 60°78. 


General. 


In the foregoing sections, only experimental results have been 
given. It seems advisable for the present not to theorise too much ; 
but there are certain points which suggest themselves for discussion. 

In the first place, it is evident that the Tesla-luminescence 
spectrum, the fluorescence spectrum, and the absorption spectrum of 
benzene are intimately related to one anotherin some way. Diagram- 


- matically the relationship can be symbolised as shown below : 

é 

66 Red end. Ultra-violet end. 

02 inti = = =—=—=«(<“ stil tiene icine napa 

2 Tesla spectrum = eeeneeeereceees qrrccccees @rcerceves — ero 

5 Fluorescence spectrum * * * * 

’ It will be noticed that the absorption and Tesla-luminescence 
spectra only overlap between A and B. This is due to the fact 

The that Hartley did not examine the absorption spectrum in the region 

penis nearer the red end than A, and we are thus without data here. 

¢ for The disjointed fluorescence spectrum is indicated by asterisks; 

* the and asterisks in the Tesla-luminescence spectrum line show the 

~— corresponding bands in this spectrum. 

The connexion symbolised above points to the existence of some 
ne factor common to all three phenomena. The substance benzene is, 
mn of course, common to all the experiments; but its part appears 
‘cal to be akin to that of a bell which gives out the same note when struck 

; by any one of three hammers. 
7 The points of most interest are two in number: (a) the relation- 
- ship between the chemical structure of benzene and the vibrations 
t), which it emits or absorbs; and (b) the manner in which the benzene 
‘“ § molecule is excited by light and by Tesla waves. To (a) we pro- 
ns pose to return later in this series of papers when we have accumulated 
rs further evidence from other substances which we intend to examine. 


With regard to (b), two subdivisions of the problem are apparent : 
(1) Why do light vibrations and Tesla waves produce analogous 
effects on benzene? and (2) Is the light-emission which takes 
place under these actions due to the vibration of intact molecules 
or is it the result of molecular decomposition ? 

The analogy between the influence of Tesla waves and light- 
vibrations in this particular case is not difficult to see, since the 
Hertz waves are part of the same spectrum which contains light 
and X-rays. The only difficulty arises in connexion with the com- 
paratively long wave-length of the Tesla vibrations. Lying, as 
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they do, far beyond the infra-red region of the spectrum, it might 
be supposed that their influence would be entirely molecular and 
that they would not interfere in the intricacies of intramolecular 
movement. This view, however, is obviously wrong, as can be 
shown by experimental evidence. Drude (Z. physikal. Chem., 1897, 
23, 267) proved that Hertz waves with a wave-length of 73 cm. 
were selectively absorbed by organic compounds containing hydroxy] 
groups; whence it is clear that the influence of Tesla vibrations 
extends to the most intimate structural peculiarities of molecules 
and is certainly not limited to the molecule as a whole. 

Turning now to the second problem, the inquiry whether these 
three phenomena (absorption, fluorescence, Tesla-luminescence) 
are ascribable to the intact molecule or to a process of decomposition, 
the following facts appear to be available. In favour of the decom. 
position hypothesis there is certainly the evidence that at high 
pressures the passage of the Tesla discharge through an organic 
vapour produces a considerable amount of decomposition and also 
a rise in temperature. In the early experiments with aniline and 
acetone at ordinary pressure, quite a marked amount of carbon 
was deposited in the course of long exposures. On the other hand, 
at lower pressures the decomposition was much decreased, whilst 
the intensity of the luminescence was simultaneously increased— 
which seems to indicate that the two phenomena are not directly 
related. Further, the regularity of the spectrum exhibited by ben- 
zene at low pressures seems to militate against any decomposition 
hypothesis. This regularity implies a uniformity in the system 
which produces the spectrum. Now if the spectrum be that of 
benzene molecules in vibration, then its symmetry is easily admis- 
sible. But if it be assumed that it is a spectrum produced by the 
break-up of the benzene under the stress of the discharge, then it 
would be necessary to postulate an absolute regularity of decomposi- 
tion which would be very hard to concede. The disintegration of 
a benzene molecule can be imagined to take place in various ways : 
by the formation of acetylene, by simple decomposition into carbon 
and hydrogen, etc.; and if the regularity of the Tesla-luminescence 
spectrum is to be accounted for, it would be necessary to assume 
that the benzene molecule was breaking down only in one particular 
manner, to the exclusion of all other modes of decomposition. 
This is scarcely a probable assumption. We hope, in the near 
future, to test the matter still further by an examination of the 
Tesla-luminescence spectrum of acetylene. 

Again, unless it be assumed that the same decomposition is 
taking place in alcoholic solution, it is difficult to account for the 
fact that the Tesla-luminescence spectra and fluorescence spectra 
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show a marked relationship. The same is true of the absorption 
spectrum. 

The weight of evidence, at present, seems mainly against the idea 
that the Tesla-luminescence spectrum arises in a decomposition 
of the molecule; but until further data have been accumulated the 
matter must be left in doubt. 

In connexion with the theoretical side of these Tesla-luminescence 
spectra, it may be worth while to direct attention to a point which 
may turn out to be eventually of some importance. The Tesla- 
luminescence spectra provide us at last with the emission spectra 
of complicated compounds of known constitution; and the spectral 
series are evidently easily capable of mathematical treatment. 
It seems not beyond possibility that with the experience gained 
from a study of the Tesla spectra, the problem of the spectral series 
of the elements may be attacked from an entirely fresh point of view ; 
and in this way a fresh line of investigation in atomic structure 
may be opened up. 

On the purely experimental side, it appears that the electro- 
luminescence method provides an easy and convenient way of attack- 
ing the problem of fluorescence, owing to the fact that it reduces 
the necessary exposure to about a tenth of the period required 
when light is used as the exciting agent. 


Summary. 


1. The luminescence emitted by the vapours of various compounds 
when subjected to a Tesla discharge has been examined by means 
of a quartz spectrograph. At ordinary pressure and the boiling 
point, aniline emits a short, continuous spectrum, whilst benzene 
shows only a fragmentary carbon spectrum. 

2. On reducing the pressure in the cell, benzene emits a spectrum 
containing a regular series of band-groups, each group having the 
same internal structure as the others. 

3. When the bands of the fluorescence spectrum of benzene in 
alcoholic solution are compared with the Tesla-luminescence 
spectrum, it is found that by shifting the fluorescence spectrum 
bodily towards the ultra-violet through 19 units, it becomes identical 
with the brighter part of the Tesla-luminescence spectrum; and 
this shift of 19 units is in agreement with the values found by Hart- 
ley and by Grebe for the change produced in absorption spectra in 
passing from solution to vapour. This seems to establish a close 
relationship between Tesla-luminescence and fluorescence spectra. 

4. When the bands of the Tesla-luminescence spectrum of benzene 
are compared with the absorption bands observed by Hartley in 
the spectrum of benzene vapour, it is found that the whole of Hart- 
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ley’s strong absorption bands coincide in position with the Tesla. 
luminescence bands within experimental error. Thus the Tesla. 
luminescence presents an emission spectrum corresponding exactly 
to the absorption spectrum, and the Fraunhofer effect finds its 
parallel in this case of a complex chemical compound of known 
constitution. 

5. The whole series of wave-numbers for the six primary series 
of the Tesla-luminescence bands can be expressed by means of a 
simple empirical formula, so that there can be no doubt that the 
bands actually constitute a single regular system. 

6. When the formula is applied to the infra-red region, it gives 
results which are in agreement with experimental investigations 
previously made in this part of the benzene spectrum. 


In conclusion, we wish to thank Professor Collie, F.R.S., Professor 
Smiles, O.B.E., F.R.S., and Dr. R. Wright for the interest they 
have taken in the work. The cost of part of the apparatus used 
was defrayed from the Heron Fund; and we wish to express our 
thanks to F. A. Heron, Esq., D.L., without whose assistance the 
apparatus could not have been purchased. 
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LXXVIII.—Perhalides of Quaternary Ammonium Salts. 
By Freperick Dante, CHaTTaway and GEORGE Hoy te. 


Tue tetra-alkylammonium perhalides have been less fully investi- 
gated than the corresponding derivatives of ammonium and of the 
alkali metals. They are prepared very easily by adding the 
appropriate halogen, dissolved in alcohol or acetic acid, to a similar 
solution of the quaternary ammonium halide. 

The present paper contains an account of a number of such 
compounds yielded by the tetramethyl-, tetraethyl-, and tetra- 
n-propylammonium halides. 

The composition of these compounds is represented by the 
general formule : 

NAlk,Hal,, NAlk,Hal,, NAIk,Hal,, NAlk,Halp, 
and one example of a still higher form, NAlk,Hal,;, appears to be 
produced when tetramethylammonium bromide is exposed to the 
action of bromine vapour in excess. 

Concerning the mode of attachment of the halogens, we have 
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little or no knowledge. Almost all that can be said is that when 
they are heated halogen is liberated and a salt of the ammonium 
radicle is left, generally containing the halogen of least atomic 
weight. One halogen atom only appears to be united to the 
nitrogen, the others being attached to this or similarly to each 
other. Thus tetraethylammonium trichloride and _ tetraethyl- 
ammonium tetrachloroiodide may be represented 


(CoH), N-C1<F and (C,H,),N- a<h <i 


Most of the tetra-alkyl perhalides can be meade from 
alcohol, although in some cases a solution of the halogen has to be 
used as solvent. 

Examples of each possible type of trihalide have been made 
including an example of a class hitherto unknown, the trichloride 
NAr,Cl,. Many of the trihalides can be kept in a desiccator over 
lime for a considerable time with little appreciable decomposition, 
but some of the higher perhalides constantly, even if slowly, lose 
weight, whilst the odour of halogen is distinctly noticeable if they 
are kept in closed vessels. 


ExPERIMENTAL. 


Tetramethylammonium Dichlorobromide, N(CH,),Cl,Br.—Iwo 
grams of tetramethylammonium bromide were dissolved in the 
least possible quantity of acetic acid and the solution was cooled 
in a freezing mixture and saturated with chlorine. Bromine was at 
once set free, but as more chlorine was passed in, the colour of the 
solution changed from red to yellowish-green and tetramethyl- 
ammonium dichlorobromide was deposited. It was recrystallised 
from warm acetic acid containing some dissolved chlorine, in which 
itis very soluble and from which it separates in pale yellow needles 
melting at 159° [Found: Cl = 31:02. N(CH,),Cl,Br requires 
Cl = 31°52 per cent.]. 

Tetramethylammonium Chlorobromoiodide, N(CH;),Cl1BrI.—Two 
grams of finely powdered iodine, suspended in a little glacial acetic 
acid, were converted into iodine monochloride by passing in a 
stream of chlorine, and to the solution thus obtained 2°5 grams of 
tetramethylammonium bromide, suspended in 10 c.c. of acetic 
acid, were added. The whole was warmed, filtered, and cooled, 
when tetramethylammonium chlorobromoiodide separated. It was 
recrystallised once from boiling alcohol, in which it is somewhat 
sparingly soluble, and from which it separates in small, twinned 
plates of a golden- yellow colour, m. p. 205° [Found: I = 39°97. 
N(CH,),CIBrI requires I = 40°11 per cent.]. 
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Tetramethylammonium Tribromide, N(CH;),Brz.—Four grams 
of tetramethylammonium bromide were dissolved in the smallest 
possible quantity of a warm mixture of equal volumes of acetic 
acid and alcohol, and 4 grams of bromine were added. On cooling, 
tetramethylammonium tribromide separated. It was recrystallised 
from warm alcohol containing a little dissolved bromine, in which it 
is easily soluble and from which it crystallises in long, slender needles 
of a bright orange colour melting at 118°5° [Found : Br = 50°76, 
N(CH), Br, requires additional bromine = 50°92 per cent.]. 


In recrystallising the tribromide, it is necessary to use a | 


solution of bromine in alcohol as solvent, as with alcohol alone 
there is considerable loss of halogen and the product which separates 
contains some reformed tetramethylammonium bromide. 

Tetramethylammonium tribromide is able to unite with more 
bromine, but it has not been found possible to isolate a series of 
definite compounds. 

A quantity of tetramethylammonium bromide was placed in a 
desiccator along with a small bottle containing liquid bromine. 
The solid rapidly absorbed a large amount of bromine and was 
converted first into the orange tribromide, which by further 
absorption of bromine was changed into a dark red oily liquid, 
then into a semi-solid mass, and finally into a hard, dark red solid, 
after which no further combination with bromine occurred. 

0°6156 Gram of tetramethylammonium bromide absorbed 
3°6520 grams of bromine, which nearly corresponds to the 
formation of a compound, N(CH;),Br,;, which requires the addition 
of 3°833 grams of bromine. On exposing this product to the air, 
bromine vapour was given off abundantly and the same sequence 
of changes occurred in the reverse order until finally the more 
stable orange tribromide was left. When the latter was exposed 
in a vacuum over lime, it was found to lose weight only very slowly; 
for example, 0°1164 gram, after being kept in a vacuum over lime for 
fifty hours, had lost 0°0046 gram of bromine. 

Tetramethylammonium Di-iodobromide, N(CH;),BrI,.—2°8 Grams 
of tetramethylammonium bromide were mixed with 4°6 grams of 
finely powdered iodine and dissolved in 40 c.c. of boiling alcohol. 
On cooling, tetramethylammonium di-iodobromide crystallised out. 
It was recrystallised twice from hot alcohol, in which it is easily 
soluble and from which it separates in short prisms of a dark 
crimson colour melting at 136° [Found: I = 62°32. N(CH,),Brl, 
requires I = 62°23 per cent.]._ The di-iodobromide was completely 
decomposed on being brought into contact with water with the 
formation of tetramethylammonium bromide and the tetraiodo- 
bromide described later. 
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Tetramethylammonium Tri-iodide, N(CH;),I,.—The melting point 
of tetramethylammonium tri-iodide, which is formed when tetra- 
nethylammonium iodide combines with two atoms of iodine, has 
been given as 110° (Weltzien, Annalen, 1856, 99, 1) and 116° 
(Geuther, ibid., 1887, 240, 66). 

A specimen obtained by the action of 4 grams of iodine on 3:1 
gams of tetramethylammonium iodide and recrystallised twice 
fom boiling alcohol, melted at 118°. It separated in short needles 
dark red by transmitted light and almost black with a brilliant 


& violet, metallic lustre by reflected light [Found : additional iodine = 


6°98. N(CH,),I, requires additional iodine = 55°80 per cent.]. 

Tetramethylammonium Pentaiodide, N(CH,),I;——The melting 
point of this compound has been given as 120° (Weltzien, loc. cit.), 
126° and 127° (Silberrad and Smart, T., 1906, 89, 174), 130° (Geuther, 
loc. cit.), and 131° (Stromhélm, J. pr. Chem., 1903, [ii], 67, 345). 
A quantity was prepared by dissolving tetramethylammonium 
tri-iodide and the requisite amount of iodine in warm alcohol. 
It crystallised in very beautiful, thin, opaque plates with a brilliant 
green, metallic lustre and melted at 132° [Found : additional iodine = 
71:40. N(CH,),I, requires additional iodine = 71°63 per cent.]. 

An attempt was made to prepare tetramethylammonium hepta- 
iodide, at present unknown, by dissolving the additional amount 
of iodine and tetramethylammonium pentaiodide in alcohol. Dark 
green crystals of tetramethylammonium enneaiodide, N(CHg),Io, 
only were obtained. When the enneaiodide, mixed with the 
amount of tetramethylammonium iodide theoretically required 
to form the hepta-compound, was dissolved in warm alcohol, a 
product separated containing 78°21 per cent. of additional iodine 
[N(CH,),I, requires additional iodine = 79:11 per cent.]. This, 
however, on recrystallisation from alcohol gave the pentaiodide 
and was probably a mixture of the penta- and the ennea-iodides, 
as it melted at a low temperature. 

Tetramethylammonium heptaiodide seems therefore not to be 
formed under the conditions studied. The enneaiodide obtained 
as above described was recrystallised from warm alcohol which 
had been saturated with iodine at the ordinary temperature. It 
separated in opaque plates with a dark green, metallic lustre, 
less marked, however, than that of the pentaiodide, and melted 
at 109°5° (Geuther, loc. cit., gives 110°; Stromhélm, Joc. cit. 108°) 
[Found : additional iodine = 83°5. N(CH,),I, requires additional 
iodine = 83°47 per cent.]. 

Tetramethylammonium  Dibromoiodide, N(CHs),Br,1.—Tetra- 
methylammonium dibromoiodide, which is one of the most stable 
of the perhalides, was obtained by the direct action of bromine on 
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tetramethylammonium iodide by Dobbin and Masson (T., 1886, 
49, 846), who gave no analysis and stated the melting point to be 
190°. It is more easily obtained by adding the equivalent amount 
of bromine, dissolved in about twice its bulk of glacial acetic acid, 
to tetramethylammonium iodide, suspended in about ten times its 
weight of alcohol, and warming till the solid dissolves. On cooling, 
tetramethylammonium dibromoiodide is deposited. It is obtained 
pure after one recrystallisation from hot alcohol, in which it is 
readily soluble and from which it separates in small, needle-shaped 
crystals of a reddish-orange colour melting at 192° [Found: 
Br = 44°32. N(CH,),Br,I requires Br = 44:29 per cent.]. 

Tetramethylammonium  Tetraiodochloride, N(CH ,),CII,.—Two 
grams of tetramethylammonium chloride were mixed with 9:2 
grams of iodine and dissolved in 60 c.c. of hot alcohol. On cooling, 
tetramethylammonium tetraiodochloride crystallised out. It was 
recrystallised from alcohol, in which it is sparingly soluble and 
from which it separates as opaque plates with a brilliant bluish. 
green, metallic lustre melting sharply at 110° [Found: I = 82°57, 
N(CH,),CII, requires I = 82°24 per cent.]. 

Tetramethylammonium T etraiodobromide, N(CH;),BrI,.—3°1 Grams 
of tetramethylammonium bromide were mixed with 10°5 grams of 
iodine and dissolved in 100 c.c. of boiling alcohol. The hot solution 
was filtered and cooled, when tetramethylammonium tetraiodobromide 
crystallised out. It was recrystallised from boiling alcohol, in 
which it is sparingly soluble and from which it separates in almost 
opaque, rhombic plates with a brilliant dark green, metallic lustre 
melting at 124°5° [Found: I = 75°67. N(CH;),BrI, requires 
I = 76°72 per cent. ]. 

Tetramethylammonium Hexaiodobromide, N(CH,),BrI,.—Four 
grams of tetramethylammonium tetraiodobromide and 1°5 grams 
of iodine were dissolved in boiling alcohol which had been saturated 
with iodine at the ordinary temperature. On cooling, tetramethy/- 
ammonium hexaiodobromide separated out in opaque plates with 
a dark green, metallic lustre similar in appearance to the tetraiodo- 
bromide, but possessing less lustre. It melted at 109° [Found: 
I = 83:27. N(CH,),BrI, requires I = 83°17 per cent.]. 

Tetraethylammonium Trichloride, N(C,H;),Cls—The action of 
chlorine on the tetra-alkylammonium chlorides is of especial 
interest as up to the present no perchlorides have been obtained. 
Neither ammonium chloride nor the chlorides of the alkali metals 
yield them under the conditions studied. A compound of this 
nature is, however, formed when a stream of chlorine is led over 
tetraethylammonium chloride. 

The colourless salt absorbs chlorine, rapidly at first and after- 
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wards more slowly, becoming pale yellow, until a compound of 
the composition N(C,H;),Cl, is obtained. No further absorption 
of chlorine beyond this stage takes place at the ordinary temperature. 
The result of one typical experiment may be given: 1:5421 grams 
of tetraethylammonium chloride combined with 0°6596 gram of 
chlorine (Found: added chlorine = 29°95 per cent.). A small 
quantity was rapidly pressed between filter-paper and added to 
a solution of potassium iodide slightly acidified by acetic acid. The 
iodine which was liberated was then estimated by N/10-solution of 
sodium thiosulphate [Found : added chlorine = 29°88. N(C,H;),Cl, 
required added chlorine == 29°98 per cent. ]. 

Tetraethylammonium trichloride, thus obtained, is a crystalline 
powder of a bright yellow colour. It is very hygroscopic, smells 
strongly of chlorine, and melts at 42—45° to a pale yellow liquid. It 
loses chlorine when exposed over lime and cannot be recrystallised 
without decomposition, but is perfectly stable when kept in a 
sealed vessel. 

Chlorine also combines with tetramethylammonium chloride, 
without doubt forming a similar trichloride, but the absorption 
is much slower and the amount added to the dry salt at the ordinary 
temperature in the experiments which have been carried out never 
quite reached that required by the formula N(CH;),Cl,. The 
final product resembled tetraethylammonium trichloride, but 
was lighter in colour. In one experiment, for example, 0°48 gram 
of tetramethylammonium chloride absorbed 0-271 gram of chlorine, 
corresponding to 36°08 per cent. of added chlorine [N(CH ),Cl, 
requires 39°29 per cent. of added chlorine]. 

Tetraethylammonium Dichlorobromide, N(C,H,;),Cl,Br.—Six grams 
of tetraethylammonium chloride were dissolved in the least possible 
quantity of warm acetic acid, 3 grams of bromine were added, and 
the liquid, after being strongly cooled, was saturated with chlorine. 
The red liquid quickly became pale green and tetraethylammonium 
dichlorobromide separated as a pale yellow solid. It was purified 
by dissolving in a little warm acetic acid, whereby some of the 
chlorine was lost and the red colour partly restored. On saturating 
the liquid with chlorine and cooling, the dichlorobromide separated 
in small, bright yellow needles melting at 69° [Found : Cl = 25°55. 
N(C,H;),Cl,Br requires Cl = 25:24 per cent.]. 

T'etraethylammonium di-iodochloride, N(C,H;),Cll,—3°5 Grams 
of tetraethylammonium chloride and 5°4 grams of iodine were 
dissolved in 45 c.c. of hot alcohol. On cooling, a mixture of tetra- 
ethylammonium di-iodochloride and tetraiodochloride separated. 
This was filtered off and the mother-liquor concentrated to a bulk of 
20 c.c., filtered, and cooled, when tetraethylammonium di-iodochloride 
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separated alone in small plates of a crimson colour; m. p. 93° 
[Found: I = 60°41. N(C,H;),ClI, requires I = 60°51 per cent.}, 
It could not be recrystallised, as on dissolving in hot alcohol and 
cooling, a mixture of the di-iodochloride and _ tetraiodochloride 
was again obtained. 

Tetraethylammonium Tetraiodochloride, N(C,H;),Cl1,—3°2 Grams 
of tetraethylammonium chloride were mixed with 9°6 grams of 
iodine and dissolved in 40 c.c. of hot alcohol. On cooling, tetra. 
ethylammonium tetraiodochloride separated out. It was recrystal- 
lised twice from boiling alcohol, in which it is moderately soluble 
and from which it separates in shining plates brownish-red by 
transmitted light, with a dark blue metallic lustre by reflected 
light. It melts at 107° [Found: I= 75:21. N(C,H;),CIl, 
requires I = 75°40 per cent. ]. 

Tetraethylammonium Hexabromochloride, N(C,H;),ClBr,.—Tetra- 
ethylammonium chloride, when exposed in a desiccator alongside 
a small beaker containing an excess of bromine, rapidly absorbs 
the bromine, becoming first orange in colour, then red, and finally 
after a few days dark red, when no further increase in weight takes 
place. The product, which is a dark red, crystalline powder with 
a bluish tint, melts sharply at 53° and has a composition correspond- 
ing to the hexabromochloride of tetraethylammonium. The follow. 
ing is a typical analysis, all the other specimens obtained showing 
a composition approximating to this [Found: Br = 73°68. 
N(C,H;),CIBr, requires Br = 74:32 per cent.]. It only exists at 
the ordinary temperature under a considerable tension of bromine 
and cannot be recrystallised; when sealed up in a glass tube, 
it is stable, but bromine vapour can be recognised above the 
solid. 

Tetraethylammonium  Dibromochloride, N(C,H;),ClBr..—When 
tetraethylammonium hexabromochloride is exposed in a desiccator 
over lime, it loses bromine, rapidly at first, more slowly later, and 
becomes finally of a bright orange colour, after which further 
bromine is only very slowly given off. The compound thus obtained 
is a bright orange, crystalline powder melting at 79° [Found: 
Br = 48°84. N(C,H;),CIBr, requires Br = 49°11 per cent. ]. 

A similar orange-coloured, crystalline substance separates on 
cooling a warm solution of tetraethylammonium chloride (1 mol.) in 
acetic acid containing the requisite amount of bromine (1 mol.). 
It cannot be separated and dried, however, without loss of bromine, 
and the dried product usually contains a quantity of bromine 
about 5 per cent. less than the theoretical. On exposing tetraethy!- 
ammonium dibromochloride in a desiccator over lime, it loses 
bromine fairly rapidly at first, more slowly later, decomposition 


~_- — 


PERHALIDES OF QUATERNARY AMMONIUM SALTS. 661 


proceeding finally at a very slow rate until tetraethylammonium 
chloride is left. 

Tetraethylammonium Dichloroiodide, N(C,H;),C!l,I—This com- 

und was first prepared by Tilden (T., 1866, 19, 145) and has 
since been obtained by several other chemists. Werner (T., 1906, 
90, 1625) gives the melting point as 98°. Zincke and Lawson 
(Annalen, 1887, 240, 124), by acting upon tetraethylammonium 
chloride with hydrochloric acid and potassium iodate, obtained 
asubstance which melted at 146—148° and gave off chlorine at 180° 
to which they assigned the same formula, N(C,H;),CII. 

On adding tetraethylammonium chloride to a hydrochloric acid 
solution of an equivalent amount of iodine monochloride, a yellow, 
crystalline precipitate at once separated, which was filtered off and 
recrystallised twice from alcohol. It separated in shining, bright 
yellow plates which melted sharply at 98° [Found: I = 38°72. 
N(C,H;),Cl,I requires I = 38°66 per cent. ]. 

Tetraethylammonium Tetrachloroiodide, N(C,H;),Cl,I.—This com- 
pound separated as a yellow, crystalline powder when chlorine 
in excess was passed into a cold saturated solution of tetraethyl- 
ammonium iodide in acetic acid. It was filtered off and dissolved 
in the least possible quantity of hot alcohol. On cooling, nothing 
separated, but on saturating the weil-cooled solution with chlorine 
the tetrachloroiodide crystallised out in a pure condition in small 
glittering plates of a bright yellow colour [Found: I = 31°72. 
N(C,H;),Cl,I requires I = 31°81 per cent.]. When heated, the com- 
pound did not melt sharply. It began to darken at about 130° 
and to liquefy at 155°, but fusion was not complete until a tempera- 
ture of 173° had been reached, when a dark orange liquid which 
evolved bubbles of chlorine was formed. 

The substance obtained by Zincke and Lawson must therefore 
have been, not tetraethylammonium dichloroiodide, but impure 
tetraethylammonium tetrachloroiodide. 

Tetraethylammonium dibromoiodide, N(C,H;),Br,1, was obtained 
from tetraethylammonium iodide and bromine in exactly the 
same manner as the tetramethyl compound. It crystallises from 
alcohol in shining, rhombic plates of a deep, somewhat reddish- 
orange, colour and melts at 125° [Found : Br = 38°45. N(C,H;),Br,! 
requires Br = 38°33 per cent. ]. 

Tetra-n-propylammonium chlorobromoiodide, N(C,H,),ClBrI, was 
prepared in the same way as the corresponding tetramethyl compound. 
It crystallises in orange prisms, m. p. 143° [Found: I = 29°17. 
N(C,H,),CIBrI requires I = 29°61 per cent.]. 

Tetra-n-propylammonium tetrachloroiodide, N(C,H,),Cl,I, separ- 
ates in thin, bright yellow, glistening plates when chlorine is 


662 PERHALIDES OF QUATERNARY AMMONIUM SALTS. 


passed into a cold solution of tetra-n-propylammonium iodide in 
alcohol. It was purified in the same manner as the corresponding 
ethyl compound. On being heated, it softens and melts with 
evolution of chlorine between 148° and 160° [Found: Cl = 31-21, 
N(C,H ,),Cl,I requires Cl = 31°17 per cent.]. 

Tetra-n-propylammonium dichloroiodide, N(C,H,),Cl,I, was ob. 
tained in small, pale yellow needles on recrystallising the tetra. 
chloroiodide from alcohol, the solution having been boiled for 
two minutes before it was filtered. It melts at 145° [Found: 
Cl = 18°36. N(C,H,),Cl,I requires Cl = 18°46 per cent.]. 

Tetra-n-propylammonium dibromoiodide, N(C,H,),Br,I, was pre- 
pared and purified in the same way as the corresponding methyl 
and ethyl compounds. It separates from hot alcohol in long, 
orange prisms melting at 140° [Found: Br = 34°01. N(C,H,),Br,] 
requires Br = 33°79 per cent. ]. 

Tetra-n-propylammonium tri-iodide, N(C;H,)I5, was obtained 
from iodine and tetra-n-propylammonium iodide in exactly the 
same manner as tetramethylammonium tri-iodide. It separates 
from alcohol in long, flattened needles of a dark crimson colour with 
a brilliant violet, metallic lustre by reflected light and orange-red 
by transmitted light. It melts sharply at 97° [Found: additional 
iodine = 45°14. N(C,H,),I, requires additional ‘iodine = 44°76 
per cent. ]. 

- Tetra-n-propylammonium pentaiodide, N(C,H,),I;, was obtained 
by dissolving the requisite amount of iodine in a warm alcoholic 
solution of the tri-iodide. It was recrystallised twice from alcohol, 
from which it separates in shining, opaque plates with a very 
brilliant dark green, metallic lustre and melts at 82° [Found: 


additional I = 61°89. N(C,;H,),I, requires additional I = 61°84 


per cent. ]. 

Tetra-n-propylammonium heptaiodide, N(C,H,),I,, was prepared 
by dissolving 5 grams of iodine in an alcoholic solution of 2 grams 
of tetra-n-propylammonium iodide. It was recrystallised from 
warm alcohol which had been saturated with iodine at the ordinary 
temperature and separated in small, almost opaque, plates with a 
dark blue, metallic lustre which melt at 85° [Found: additional 
I= 70°51. N(C,H,),I, requires additional I = 70°86 per cent. ]. 
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LXXIX.—The Formation of Derivatives of Oxalacetic 
Acid from Tartaric Acid. 


By FREDERICK DANIEL CHATTAWAY and GEORGE Davip PARKES. 


Many years ago, Cohen and Harrison (T., 1897, 71, 1060) observed 
that very beautiful golden-yellow substances were formed when 
various aromatic amines were heated with diacetyltartaric an- 
hydride. They were, however, produced in such small quantity 
that their constitution was not established. 

A re-investigation of the reaction shows that they are arylimino- 
derivatives of oxalacetic acid of the general formula II. 

If certain precautions are taken, the action of primary aromatic 
amines upon diacetyltartaric anhydride follows a perfectly normal 
course. The first product of the reaction is a diacetyltartranil (I) : 


CH,*CO-0-CH-CO asi, CH,-CO-O-CH-CO 
CH,: *60-0-0H-CO7? > OH, *.CO-O-CH-CO7 NAT 


This, under the further action of the base, forms chiefly the normal 
diacetyltartranilide or its decomposition products, a tartranilide 
and an acetanilide, 
(arNH,) CH,*CO-0- CH: ‘-CO-NHAr @ArNE,) 
o CH, -CO-O-CH-CO-NHAr 
HO-CH'CO-NHAr , 5 
90H.-CO- 
HO-CH-CO-NHAr } 08? CO"NHAr, 
whilst in a subordinate degree an arylimino-derivative of oxalacetic 
acid together with an acetanilide is produced, 
CH,°CO-ONH,Ar 


(I.) 


L) GarNE) a.) er, NAr-+ 4 
H,C-COW CH,CO-NHAr 
the reaction probably proceeding somewhat as follows : 
—» CH;CO-0-C-CO HO-C-CO~ 
I.) >NAr 
(I.) Hu log? NAT — He 1.007 NAr — 
00-CO 
NA z%.. 
ape PS 


ExPERIMENTAL, 


Diacetyltartaric anhydride is best prepared by adding a slight 
excess (3°5 mols.) of acetic anhydride and a few drops of strong 
sulphuric acid to dry powdered tartaric acid (1 mol.). The mixture 
on shaking or stirring becomes warm, the tartaric acid dissolves, 
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and, on cooling, diacetyltartaric anhydride separates. On filtering 
by the aid of the pump, washing with a little benzene, and drying 
for a few minutes at 100°, an almost theoretical yield of diacety]. 
tartaric anhydride is obtained in a condition sufficiently pure for 
ordinary use. From this a yield of 90 per cent. of the theoretical 
of pure diacetyltartaric anhydride, m. p. 135°, can be obtained by 
recrystallisation from benzene. 


Preparation of Anils of Diacetyltartaric Anhydride. 


From the behaviour of other anhydrides of dibasic acids, it 
might be expected that diacetyltartaric anhydride would react 
with primary arylamines to form anils, water being eliminated, 
This has been found to be the case, the anil in every instance being 
formed when equivalent amounts of the anhydride and the aryl- 
amine are melted together and the mixture kept in a state of fusion 
for a few minutes. A viscid solid mass is left on cooling, from 
which the anil can be isolated, although in some cases with difficulty. 

Diacetyliartranil has been prepared by Vallée (Ann. Chim. 
Phys., 1908, [iii], 15, 331) by heating together at 135° diacetyl. 
tartaric anhydride and diphenylcarbamide. 

It can be obtained more easily by heating we equivalent 
amounts of diacetyltartaric anhydride and aniline, keeping the 
mixture just above the point of fusion (that is, at about 110°) for 
four to five minutes. On cooling, a dark red resin-like mass is 
obtained which dissolves readily in boiling alcohol. From this 
solution, on cooling and vigorously shaking, the anil separates as a 
white, crystalline solid. It is necessary to avoid any excess either 
of aniline or of anhydride, as otherwise the product is very difficult 
to crystallise. 

Diacetyltartranil separates from boiling alcohol, in which it is 
readily soluble, in colourless, flattened needles which melt at 125°5° 
(Vallée gives 124°) (Found: N = 4°79. Calc., N = 4°81 per cent.). 

, -- CH,*CO-O-CH: co 

Diacetyltartaro-p-chloroanil, CH, C00 OH: C oo C,H,Cl.—This 
and the other anils described beleer were prepared and isolated 
exactly as described above. It crystallises from boiling alcohol, 
in which it is somewhat sparingly soluble, in colourless needles, 
m. p. 173°. It has [«]i* + 106°86° in acetone (J = 2, c = 2°84) 
(Found: Cl = 11:08. C,,H,,0,NCI requires Cl = 10°89 per cent.). 

Diacetyltartaro-p-bromoanil crystallises from boiling alcohol, in 
which it is sparingly soluble, in colourless needles, m. p. 184°. 
It has [«]i* -++ 81°58° in acetone (J = 2, c= 0°95) (Found: Br= 
21:26. C,,H,.0,NBr requires Br = 21°59 per cent.). 
Diacetyliartaro-2 : 4-dichloroanil crystallises from boiling alcohol, 
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in which it is readily soluble, in small, colourless needles, m. p. 
158°. It has [«]}* + 63°02° in acetone (J = 2, c = 2°396) (Found : 
(l= 19°8. C,,H,,0,NCI, requires Cl = 19°70 per cent.). 

Diacetyltartaro-2 : 4-dibromoanil crystallises from boiling alcohol, 
in which it is readily soluble, in colourless needles, m. p. 172°. 
It has [«]i* -+ 58°01° in acetone (J = 2, c = 2°55) (Found: Br= 
355. C,4H,,0,NBr, requires Br = 35°60 per cent.). 

Diacetyltartaro-o-toluil crystallises from boiling alcohol, in which 
it is readily soluble, in small, colourless needles, m. p. 128°. It 
has [a]}* ++ 99°42° in acetone (J = 2, c = 2-062) (Found: N = 4°50. 
(,5H,;0,N requires N = 4°60 per cent.). 

Diacetyliartaro-m-toluil crystallises from boiling alcohol, in which 
it is moderately easily soluble, in very small, colourless needles, 
n, p. 146°, and [«]j; ++ 112-04° in acetone (1 = 2, c = 0°54) (Found : 
N=4'52. C,;H,,0,N requires N = 4°60 per cent.). 

Diacetyliartaro-p-toluil crystallises from boiling alcohol, in which 
itis easily soluble, in small, colourless needles, m. p. 127°. It has 
[a] + 118°54° in acetone (J = 2, c = 1°316) (Found: N = 4°56. 
(,;H,;0,N requires N = 4°60 per cent.). 

Diacetyltartaro-2 : 4-aylil crystallises from boiling alcohol, in 
vhich it is fairly easily soluble, in colourless needles, m. p. 118°5°, 
and [«];* -+- 166°4° in acetone (J = 2, c = 0°88) (Found: N = 4:23. 
(igH,g0,N requires N = 4°37 per cent.). 

Diacetyltartaro-B-naphthil crystallises from boiling alcohol, in 
vhich it is sparingly soluble, in colourless needles, m. p. 166°, and 
(aj* + 134°6° in acetone (1 = 2, c = 0°572) (Found: N = 4°07. 
(igH,,;O,N requires N = 4°10 per cent.). 


Action of Excess of Aniline upon Diacetyltartaric Anhydride. 


It has been pointed out already in describing the preparation of 
tartranils that it is much more difficult to isolate the anil if excess 
ifeither reacting constituent is present. 

When a slight excess of aniline is used, the product, when dis- 
wlved in alcohol, gives a yellow solution, and the anil which 
eparates is coloured by a yellow impurity. This yellow colour 
keomes more marked as the amount of aniline is increased and 
then a considerable excess of aniline is employed a bright yellow 
wlid product is formed. This contains in addition to acetanilide 
and tartranilide the compound of a bright yellow colour described 
by Cohen and Harrison (loc. cit.), which was isolated as follows by 
imethod similar to that described by them. 

A mixture of 34 grams of aniline and 40 grams of diacetyltartaric 
ahydride was heated in an oil-bath to 150°, at which temperature 
itwas completely liquid. As the heating was continued, the mass 
VOL. CXXIII. AA 
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became more and more viscous and finally, after about forty-five 
minutes, solidified to a bright yellow mass. It was found of no 
advantage to heat for a longer period or to a higher temperature, 
or to use a larger proportion of aniline, as the subsequent isolation 
of the yellow compound was thereby rendered more difficult and 


the yield was not increased. 


The yellow solid mass was extracted several times with boiling 
alcohol, when a dark yellowish-brown solution resulted, which on 
cooling deposited a considerable quantity of what appeared to be 
a single, bright yellow substance but which was actually a mixture 


of a considerable quantity of a white substance, coloured intensely 
by a small quantity of a yellow compound. This yellow mixture 
was filtered off and dried. The dark coloured alcoholic mother. 
liquor deposited, on dilution with water, a mixture of acetanilide 
and the excess of aniline used. 

The yellow solid, after being dried and finely powdered, was 
extracted with benzene in a Soxhlet apparatus until the solution 
which siphoned over was almost colourless. The benzene solution 
in the flask was of a deep reddish-orange colour, and on cooling 
deposited a bright yellow substance, which, when filtered off and 
dried, formed a considerable bulk of a fluffy, crystalline powder. 

The residue in the Soxhlet thimble was almost colourless. It 
was recrystallised from alcohol, in which it was very sparingly soluble 
and from which it separated as a felted mass of fine, white needles 
which melted at 264°. It seemed likely, therefore, to be tartranilide, 
which melts at this temperature (Found: N = 9°37. Tartranilide, 
C,,H,,0.N., requires N = 9°34 per cent.). Its properties were 
compared with those of a small quantity of tartranilide, prepared 
by Frankland and Slator’s method (T., 1903, 83, 1349), and found 
to agree with those of the latter in every particular. 

An exactly similar mixture of tartranilide, acetanilide, and the 
yellow compound is obtained when aniline is similarly heated 
with diacetyltartranil and can be separated into its constituents 
as described above, but this method offers no advantage over the 
direct preparation from diacetyltartaric anhydride. 

The yellow substance isolated by means of the Soxhlet extraction 
was twice recrystallised from benzene, then once from acetone and 
again once from benzene. A yield of from 1 to 2 per cent. of the 
weight of the diacetyltartaric anhydride used was obtained. In 4 
large number of experiments, this yield was only occasionally and 
slightly exceeded, and the yellow compound appears to be produced 
as a by-product. 

It is moderately soluble in boiling alcohol or benzene, more 80 
in glacial acetic acid or acetone, and insoluble in water. It melts 
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it 232°. It does not react with acetic anhydride. Heated with 
excess of bromine, it decomposes and s-tribromoaniline is formed 
(found : C = 72°89; H = 4°54; N = 10°53, corresponding with an 
empirical formula CgH,ON, which requires C = 72°90; H = 4°55; 
y= 10°60 per cent.). 

Since the compound is obtained either from diacetyltartaric 
mhydride or from diacetyltartranil by simply heating to a moderate 
temperature with aniline, and as it is unlikely that the chain of four 
arbon atoms in the tartaric residue is broken during the reaction, 
the compound must contain at least ten carbon atoms in its mole- 
cle, and its molecular formula must accordingly be double the 
empirical formula, that is, C}gH,,0,N,. This was confirmed by a 
determination of the molecular weight by the depression of 
the freezing point of benzene (Found: M = 261'1. C,,H,.0.N, 
requires M = 264°2). 

From the circumstance that acetanilide is formed in the reaction, 
sis also tartranilide, it is evident that the acetyl groups of the 
anhydride are removed by the aniline. 

These facts, together with the mode of formation and the mole- 
lar composition, show that the yellow compound must be a 
derivative of oxalacetic acid and have the constitution represented 

C,H;-N:C-CO\ 4, * 
by the formula H, d. C oo N C,H;. 

To complete the identification of the compound, it was com- 
pared with a specimen of phenyliminosuccinanil | prepared from 
oxalacetic ester by the method of Wislicenus and Spiro (Ber., 1889, 
22, 3348) and found to be identical with it in every respect. 


p-Tolyliminosuccino-p-toluil, eee *C,H,Me.—As the 


formation of derivatives of oxalacetic acid from tartaric acid is 
of considerable interest, a series of these anils has been prepared by 
this method, which appears to be a general one. 

Ten grams (1 mol.) of diacetyltartaric anhydride and 20 grams 
4 mols.) of p-toluidine were heated together at 150° for about 


* Cohen and Harrison (loc. cit.) suggested that the compound would prob- 
kbly be found to have one of the formule : 


C,H,-N:C—CO CH: 
<] 

OH-CH-CO” \CH-CO 

t This and the other similarly constituted compounds described in this 

paper and formed by the replacement of the ketonic oxygen of oxalacetic 

tid by an arylimino-group, just as benzylideneaniline is obtained from 

benzaldehyde, are described as iminosuccinanils to conform to the accepted 

bystem of nomenclature which regards them as derived from the corresponding 
iydrogen and not oxo-compounds. 


ae) 
SN-C,H, or O,H,-N NN-C,H,. 


AA2 
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fifteen minutes until the viscid mixture solidified to a bright yelloy 
mass. This was allowed to cool and extracted several times with 
boiling alcohol. On cooling, a bright yellow solid separated, which 
was filtered off, powdered, washed with dilute hydrochloric acid 
to remove excess of p-toluidine, dried, and extracted with benzenq”’ 
in a Soxhlet apparatus. On cooling, the benzene solution deposited 
small crystals of a bright yellow colour which were recrystallisedf’ 
from benzene, then from acetone, and again from benzene. 
p-Tolyliminosuccino-p-toluil is moderately easily soluble in 
boiling benzene, from which it separates in thin golden-yellow 
plates. It melts at 237° (Found: C = 73°75; H = 5:37; N = 948, 
CigH,,0.N, requires C = 73:9; H = 5°47; N = 9°58 per cent.). J... 
m-T'olyliminosuccino-m-toluil was prepared similarly to its a 
p-isomeride, but it was found necessary to heat the mixture at ~ ° 
150° for two hours, the reaction apparently taking place much It sey 
more slowly in this case. Its isolation also was more difficult, a | 
since tartarodi-m-toluidide, which is the main product of the CH 
reaction, and the bulk of which remains in the Soxhlet apparatusg 1° * 
is yet somewhat soluble in benzene, and could only be removed 
from the benzene solution by repeatedly allowing it to crystallise 
out; the mother-liquor from each crop of crystals being evaporated 
to dryness and again fractionally crystallised from benzene. m-Tolj/- 
iminosuccino-m-toluil separates from boiling benzene, in which it 
is easily soluble, in minute, bright yellow needles which melt at 
162° (Found: N= 9-44. C,,H,,0,N, requires N = 9°58 per — 


THE 


cent.). of nic 
p-Chlorophenyliminosuccino-p-chloroanil, “a 
CH Cl-N-O-CO>N.0.H,Cl. Chem. 
HLCCO i, 234 

—This, like the corresponding bromo-compound, was prepared and 16 ; 
isolated by the method already described, with but slight necessary Tanat 


modifications. 

p-Chlorophenyliminosuccino-p-chloroanil separates from boiling 
benzene or acetone, in both of which it is moderately easily soluble 
in small, thin, irregular plates of a bright yellow colour. | melts 
at 245° (Found: Cl = 21:08. C,,H,,0,N,Cl, requires Cl = 21°30 
per cent.). It is also formed when p-chloroaniline is heated with 
diacetyltartaro-p-chloroanil. 

p-Bromophenyliminosuccino-p-bromoanil resembles closely the cor- 
responding chloro-compound. It is moderately easily soluble i 
boiling benzene, from which it crystallises in small, thin, bright Mat 
yellow, irregular plates, which when dry form a fluffy, crystalling , nly 2 
powder. It melts at 260° (Found: Br = 37-71. C,gH4.0.N.big og 
requires Br = 37°8 per cent.). 


44, 25 
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CO 
animinosuccinanil is produced very easily by heating any arylamine 
3 mols.) with any diacetyltartranil, mixed derivatives can be 
obtained. ‘Thus the action of p-chloroaniline on diacetyltartranil 
ives rise to p-chlorophenyliminosuccinanil. This compound is 
garingly soluble in boiling benzene, from which it separates 
in minute, thin, irregular plates of a bright yellow colour. It 
melts at 268° (Found: Cl= 11°80. C,,H,,0,N,Cl requires 
(] = 11°90 per cent.). Ce 
Phenyliminosuccino-p-chloroanil, CoH,'N-C-CO>N.0.8,C1, was 
H,C-CO 
imilarly obtained by heating aniline with diacetyltartaro-p- 
chloroanil. It resembles its isomeride closely, but is of a slightly 
different shade of yellow and is much more readily soluble in benzene. 
It separates from boiling benzene in minute, thin, irregular plates 
of a bright yellow colour and melts at 244° (Found: Cl = 11°78. 
(ygH,,0,N,Cl requires Cl = 11°90 per cent.). 


p-Chlorophenyliminosuccinanil, mbit to gH;.—As an 


] which 
ic acid 


[Received, January 22nd, 1923.] 


LXXX.—The Higher Oxide of Nickel. 


By Owen Ruys Howe t. 


of nickel by means of alkali and an oxidising agent (Bayley, Chem. 
News, 1879, 39, 81; Carnot, Compt. rend., 1889, 108, 610; Schréder, 
Chem. Zentr., 1890, i, 931; Bellucci and Clavari, Gazzetta, 1905, 14, 
i, 234; Atti R. Accad. Lincei, 1905, [v], 14, ii, 234; zbid., 1907, [v], 
16, i, 647; Pellini and Meneghini, Z. anorg. Chem., 1908, 60, 178; 
Tanatar, Ber., 1909, 42, 1516; Turbandt and Riedel, ibid., 1911, 
44, 2565; Z. anorg. Chem., 1911, '72, 219), but the reaction has not 
been investigated quantitatively and the nature of the precipitate 
‘oes not appear to have been satisfactorily established. ‘The matter 
has therefore been examined by precipitating nickel sulphate solution 
with sodium hydroxide and sodium hypochlorite, and also with lime 
andj bleaching powder in a manner similar to that adopted in the 
tase of cobalt (this vol., p. 65). 


EXPERIMENTAL. 


| Materials —The nickel sulphate was free from iron and contained 
Joly a trace of cobalt. The hypochlorite solutions were made as 
already described (loc. cit.). 


670 


Method of Investigation—The nickel sulphate solution was pre 
cipitated with a solution containing the requisite amounts of alka 
and hypochlorite, and the resulting precipitate analysed. The 
mode of procedure and methods of analysis were the same ag ip 
the case of cobalt (loc. cit.). All the quantities are expressed as 
equivalents per equivalent of nickel taken for precipitation. 

It was found, as stated by Bellucci and Clavari (loc. cit.), that 
the precipitate was extremely unstable and rapidly lost oxygen 
even in suspension at the ordinary temperature. In order to 
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obtain strictly comparable results, care was therefore taken that! 
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the time between precipitation and analysis of the precipitate was 
exactly the same in any series of experiments. 

Action of Hypochlorite Alone-—Sodium hypochlorite free from 
alkali does not react immediately with nickel sulphate solution 
at the ordinary temperature; some time elapses before the reaction 
begins. As in the case of cobalt, a black precipitate of the higher 
oxide is obtained with evolution of chlorine, but the precipitation 
is so incomplete and so slow compared with the action in the presence 
of alkali that it has not been studied in detail. 

Action of Hypochlorite in presence of Alkali—A constant excess 


of alkali was used with varying amounts of hypochlorite. The 
precipitate was stirred for an hour, allowed to settle over-night, 
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and filtered; samples of the solid were taken for analysis. The 
results obtained with the sodium compounds are given in Table I 
and those with the calcium compounds in Table II. The values 
are plotted in Fig. 1. 


TABLE I. 
Total Available 
NaOH. Na,CO, alkali. NaOCl. oxygen. 
2-020 0-020 2-040 0-312 0-622 
2:012 0-024 2-036 0-524 1-037 
2-014 0-020 2-034 0-624 1-180 
2014 0-024 2-038 0-800 1-225 
2°014 0:024 2°038 1-122 1-241 
2:014 0°024 2-038 1-420 1-260 
2-018 0-026 2-044 2-260 1-308 
2018 0-028 2-046 2-980 1-350 
TABLE ITI. 
Available Available 
Ca(OH),. Ca(OCl),. oxygen. Ca(OH). Ca(OCl),. oxygen. 
1-806 0-300 0-598 1-806 1-000 1-483 
1-800 0-500 1-000 - 1-810 1-200 1-501 
1-810 0-700 1-375 1810 1-600 1-528 
1-806 0-900 1-465 1810 2-500 1-593 


It is seen that the action of the hypochlorite in oxidising the 
precipitated hydroxide is quantitative up to the addition of half an 
equivalent (sesquioxide stage) and further while peroxidation 
occurs. The extent of the peroxidation is greater with the calcium 
compounds than with the sodium compounds, probably because 
the reaction is more rapid owing to the formation of the compar- 
atively insoluble calcium sulphate. The peroxidised precipitate 
catalytically decomposes the hypochlorite, consequently the use 
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of larger amounts of hypochlorite results in only a small, but 
proportionate, increase in the oxygen content. 

Action of Alkali—A constant amount of hypochlorite was used 
with varying amounts of alkali. Two series of experiments were 
made; in (a) the suspension was stirred for half an hour after pre- 
cipitation and an aliquot part taken for analysis ; in (b) the suspension 
was stirred for two hours, allowed to settle over-night, filtered, and 
the solid analysed. The results obtained with the sodium compounds 
are given in Tables III (a) and III (6) and with the calcium com- 
pounds in Tables IV (a) and IV (b), respectively. The values are 


plotted in Fig. 2. 
TaBLE [II (a). 


; Total Available 
NaOH. Na,CO . alkali. NaOCl. oxygen. 
0-448 0-014 0-462 1-418 0-460 
0-709 0-021 0-730 1-424 0-732 
0-968 0-032 1-000 1-418 0-990 
1-166 0-034 1-200 1-424 1-182 
1-474 0-042 1-516 1°424 1-268 


2-406 0-032 2-438 1-278 
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0-443 
0-958 
1-203 
1-406 
1-629 
1-846 
2-682 


Ca(OH),. 
0-600 
1-000 
1-250 
1-500 
2-520 
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0-044 
0-032 
0-030 
0-022 
0-026 
0-020 
0°020 
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TaBLE IIT (5). 


0-487 
0-990 
1-233 
1-428 
1-655 
1-866 
2-702 


TABLE IV (a). 


Ca(OCl),. 
1-200 


Available 
oxygen. 
0-732 
1-232 
1-540 
1-610 
1-605 


1-421 
1-405 
1-418 
1-421 
1°421 
1-421 
1-438 


0-424 
0-838 
1-035 
1-202 
1-255 
1-260 
1-272 


TABLE IV (6). 


Ca(OH).. 
0-520 
0-908 
1-342 
1-550 
1-960 
2-658 
3-780 3 
5-052 ; 


. 3. 


Ca(OCl),. 
1-212 
1-200 
1-200 
1-208 
1-210 
1-200 
1-208 
1-204 


Available 
xygen. 


oO 


0-525 
0-916 
1-360 
1-498 
1-496 
1-482 
1-450 
1-418 
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It is seen that the curves pass through the origin, showing that 
the direct action of the hypochlorite is negligibly slow compared 


with that of the alkali. In all cases the values in series (b) are 


less than the corresponding values in series (a) owing to the greater 


Equivalents of alkali. © 
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decomposition of the peroxide during the greater interval between 
precipitation and analysis. Although precipitation is complete 
at one equivalent of alkali, the curves do not exhibit a break at this 
point; the decomposition of the precipitate is retarded by alkali, 
and for this reason there is an increase in the available oxygen 
with excess of alkali. 

The loss of oxygen by the precipitate and its retardation by 
alkali will be evident from Table V. Precipitation was made in 
Awith one equivalent of alkali and in B with one and a half equiv- 
alents, other conditions being identical. The suspensions were 
allowed to stand and the available oxygen was determined at 
intervals. It is evident that the decomposition in the presence of 
half an equivalent of alkali is far slower than in the neutral solution. 
It is also seen that, as stated by Bellucci and Clavari (loc. cit.), 
the decomposition proceeds with no arrest at the sesquioxide stage. 


TABLE V. 


The precipitating solution was 1 equiv. of NaOH and 1 equiv. of NaOCl in 
Aand 1-5 equivs. of NaOH and 1 equiv. of NaOCl in B. 


Time of Time of 
standing. Available oxygen. standing. Available oxygen. 
A. B. A. B. 
0-5 hours 1-137 1-242 5 days 0-879 1-136 
8 0-990 1-212 7 0-833 1-124 
24 0-976 1-203 2 months 0-761 0-980 
2 days 0-932 1-186 4 “ 0-713 0-910 
. « 0-914 1-160 6 a 0-684 0-870 
. w 0-897 1-146 


Action of Sodium Carbonate.—The precipitating solutions con- 
tained only sodium carbonate with the hypochlorite, the free alkali 
being converted into the carbonate by addition of the requisite 
amount of bicarbonate. Two series of experiments were made; 
in (a) a constant excess of sodium carbonate was used with varying 
amounts of hypochlorite, and in (b) a constant excess of hypochlorite 
with varying amounts of sodium carbonate. The results are 
given in Tables VI (a) and VI (6), and the values plotted in Figs. 1 
and 2, respectively. 


TABLE VI (a) TaBLE VI (8). 
Available Available 
Na,COs3. NaOCl. oxygen. Na,CO3. NaOCl. oxygen. 
1-240 0-280 0-560 0-619 1-011 0-495 
1-230 0-512 0-705 0-800 1-018 0-592 
1-238 1-045 0-730 1-003 1-011 0-671 
1-238 1-546 0-768 1-230 1-020 0-725 
1-230 2-043 0-782 1-517 1-011 0-792 
2-005 1-019 0-889 
2-511 1-019 1-011 
3-042 1-019 1-072 


A A* 
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It is seen that the precipitated carbonate is oxidised by the 
hypochlorite. The available oxygen in the precipitate is about the 
same as in the case of the hydroxide, but calculated on the nickel 
taken it reaches a value only half as great; the liberated carbon 
dioxide combines with an equivalent amount of nickel carbonate, 
yielding the bicarbonate, so that only half the nickel is precipitated : 
4NiCO, + 2NaOCl + 2H,O = Ni,O, + O + 2Ni(HCO,), ++ 2NaCl. 
Increasing the excess of sodium carbonate by decreasing the extent 
of nickel bicarbonate formation produces an increase in the amount 
of nickel precipitated and consequently in the available oxygen 
calculated on the nickel taken. 

Influence of Temperature.—In this series of experiments the com. 
position of the reacting solutions was the same in each case. The 
solutions were brought to the requisite temperature before mixing 
and maintained at this temperature while stirred for an hour. They 
were allowed to settle over-night before being filtered and analysed. 

(a) Precipitating solution, NaOH 1°80 equivs. NaOC1 1°95 equivs. 


Temp. of precipitation ..........cesceee 0° 15° 25° 40° 60° 
AVGMADIC ORGBON 605 .c0cssocssvcccesecss 1-294 1-285 1-260 1-236 1-190 


(6) Precipitating solution, Ca(OH), 1:90 equivs. Ca(OCl1), 1:18 
equivs. 


Temp. of precipitation ...... 0° 15° 30° 60° 75° 90° 
Available oxygen ............ 1-622 1-500 1-390 1-164 1-046 0-952 


In both cases there is a decrease in the available oxygen with 
increase of temperature, and this is due to increase in the rate of 
decomposition of the precipitate. When plotted, the values fall 
on a straight line; decomposition proceeds smoothly beyond the 
sesquioxide stage. The loss of oxygen in (6) is much greater than 
in (a); the precipitate is stabilised by alkali, but the effect is small 


in the case of lime, since its active mass is limited by its sparing | 


solubility. 

Influence of Concentration—In this series of experiments all 
conditions were constant except the concentration of the reacting 
solutions. In B the concentration was the same as in all the previous 
experiments ; in A, it was half, and in C, double this value. 

(a) Precipitating solution, NaOH 1°95 equivs. NaOC1 1:07 equivs. 


A B C 
CREIBEEOR cc cccccivcsccccvccsscnsoseocsscosces half unity double 
AYREEDIC OXYGZON wissiccsceccccsccssssssosesicvoes 1-224 1-237 1-272 


(6) Precipitating solution, Ca(OH), 1°90 equivs. Ca(OC1), 1°10 
equivs. 


(once! 
Availa 


There 
jncreé 
tectiv 
than 


Be 
sulph 
with 

3. 
nicke 
oxide 
form: 
porti 

3. 
preci 
yield 

4, 
susp 
beyo 

5. 
temy 
preci 

6. 
cone 
inere 


675 


HOWELL: THE HIGHER OXIDE OF NICKEL. 


B C 
MERE, <ocsscrcesncvesconessneceseeersoneees half unity double 
Agatdable OXYBON ....cccccvcscccocsccccococcsececs 1-485 1-500 1-525 


There is an increase in the oxygen content of the precipitate with 
increasing concentration, doubtless because of the increased pro- 
tetive effect of the alkali, which is much more marked with soda 
than with lime. 


Summary. 
1. Hypochlorites free from alkali react only slowly with nickel 
sulphate solution; the rate of the reaction is negligible compared 
vith that in presence of alkali. 


com- § 2. With excess of alkali, hypochlorites oxidise the precipitated 
The § nickel hydroxide. The action is quantitative beyond the sesqui- 
xing Mf oxide stage, but, owing to catalytic decomposition by the peroxide 
Chey § formed, larger amounts of hypochlorite produce only a small pro- 


portionate increase in the oxygen content. 
3. With sodium carbonate, hypochlorites similarly oxidise the 
precipitated nickel carbonate, but the liberated carbon dioxide 


a yields nickel bicarbonate, so that precipitation is not complete. 
4, The precipitate is very unstable and evolves oxygen even in 
1:18 § suspension at the ordinary temperature. Decomposition proceeds 
beyond the sesquioxide stage; the rate is retarded by alkali. 
,° 5. A lower oxygen content results from precipitating at higher 
52 jg temperatures owing to the increased rate of decomposition of the 
precipitate. 
ith 6. There is an increase in the oxygen content with increasing 
of concentration of the reacting solutions, probably owing to the 
“ increased protective effect of the alkali. 
the 
an Differences in Behaviour of Cobalt and Nickel. 
all 


1. The peroxidised precipitate obtained with cobalt is stable; 
itcan be kept for a long time or the suspension boiled without 
loss of oxygen. With nickel, the precipitate decomposes with 
evolution of oxygen even in suspension at the ordinary temperature 
and the oxygen content falls continuously below that corresponding 
to the sesquioxide; decomposition is accelerated by heat and 
retarded by alkali. 

2. Hypochlorites free from alkali react immediately with cobalt 
solutions, yielding a peroxidised precipitate, the rate of the reaction 
being comparable with that of precipitation of the hydroxide by 
alkali and its oxidation by hypochlorite. With nickel, the action 
is delayed and is negligibly slow compared with the action in the 
presence of alkali. 


3. In the presence of alkali, the hydroxides are peroxidised. 
AA*2 
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With cobalt, excess of hypochlorite causes a decrease in the oxygen 
content owing to its increased direct action; with nickel, it causes 
an increase owing to its further oxidising action. With cobalt, 
excess of alkali causes a small increase in the oxygen content owing 
to increased precipitation as hydroxide; with nickel, it causes a 
large increase owing to its retarding decomposition of the precipitate, 

4. Precipitated with sodium carbonate and hypochlorite, cobalt 
salts yield a peroxidised carbonate; in the case of nickel, however, 
the precipitated carbonate is oxidised to the peroxide with loss of 
carbon dioxide, which yields the bicarbonate. 


The author is indebted to Principal B. Mouat Jones and Professor 
T. C. James for giving him every facility for carrying out this work 
and to Professor T. M. Lowry for his kindly interest. He would 
also gratefully acknowledge the kindness of the Royal Commissioners 
for the Exhibition of 1851 in reserving the scholarship granted him 
in 1914 and resumed during this investigation. 
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LXXXI.—Derivatives of Tetrahydrocarbazole. Pari II. 


By Witu1aAm Henry PERKIN, jun., and SypNEY GLENN PREsToN 
PLANT. 


In the previous communication (T., 1921, 119, 1825), we emphasised 
the importance attaching to tetrahydrocarbazole, not only on 
account of its close relationship to tetrahydroharmine, but also 
because there is reason to believe that strychnine and brucine are 
derivatives of this substance, 

During the course of a long series of experiments on the synthesis 
of substances which it is thought may prove to be closely allied to 
strychnine, and the results of which it is hoped will shortly be ready 
for publication, it became increasingly important that the properties 
of tetrahydrocarbazole and its derivatives should be more completely 
studied. 

The present communication contains a further description of 
experiments made with this object in view. Part I of this investig- 
ation (loc. cit.) was mainly concerned with the nitration of tetra- 
hydrocarbazole, 9-methyltetrahydrocarbazole, and 9-acetyltetra- 
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Ta- 


DERIVATIVES OF TETRAHYDROCARBAZOLE, PART II. 677 


hydrocarbazole * and it was pointed out that, whilst the parent 
substance and its 9-methyl derivative, when nitrated in strong 
sulphuric acid solution with potassium nitrate, give almost quanti- 
tative yields of the 6-nitro-derivatives (I and II), 9-acetyltetra- 
hydrocarbazole, on treatment in acetic acid solution with nitric 
acid, is converted into the 5-nitro-derivative (III), a result quite 


unexpected and somewhat difficult to understand (compare p. 684). 
Hy Hy NO, Hy 
"OR ™OOOR COOk 
i NS ON Ye 
NH H, NMe H, NAc H, 
(I.) (II.) (III.) 


In connexion with our experiments on the action of nitric 
acid on 9-acetyltetrahydrocarbazole, it was clearly of interest to 
investigate the behaviour of 9-benzoyltetrahydrocarbazole under 
similar conditions, but this could not be done at the time because 
we were unable to prepare this benzoyl derivative from tetrahydro- 
carbazole by the action of benzoyl chloride. Subsequently we found 
that the following process works well, not only in the case of the 
benzoyl derivative, but also in the preparation of other 9-acyl 
derivatives of tetrahydrocarbazole. Tetrahydrocarbazole is added 
to an ethereal solution of magnesium ethyl iodide, when ethane is 
liberated and magnesium 9-tetrahydrocarbazyl iodide (IV) produced, 
and this reacts readily with benzoyl chloride, giving a good yield of 
9-benzoyltetrahydrocarbazole (V) : 


H, H, NO, 4H, 
a 1 \ 0 Ps OW a, 
() H>»f yj B—-[ Ty 
‘fin i? i a de Yat Pw ee 

Y i, Yi \ i 
Mgl CO-C,H; CO-C,H; 
(IV.) (V.) (VI.) 


When the solution of 9-benzoyltetrahydrocarbazole in glacial 
acetic acid is mixed with nitric acid, it furnishes, as one of the 
products of the interaction, 5-nitro-9-benzoyltetrahydrocarbazole 
(VI; m. p. 140°), the constitution of which was proved by hydrolysis 
with alkali, when it yielded 5-nitrotetrahydrocarbazole with 
dimination of the benzoyl group. 
* The scheme of numbering the positions in tetrahydrocarbazole used in 
this and in the previous communication is : 
Hy, 
f\_./N\t, 


12 #11 3 


13 10 


NANO 
NH i, 
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The main product of the action of nitric acid on 9-benzoyltetra. 
hydrocarbazole is, however, a colourless, crystalline substance which 
melts at 150° with evolution of oxides of nitrogen. This substance 
has the formula C,,H,,0,N,, and therefore is produced from 
benzoyltetrahydrocarbazole, C,,H,,ON, by the addition of nitric 
acid and there can be no doubt that this addition takes place—in 
the form of -OH and -NO,—at the double linking (10 and 11) of 
the partly reduced ring. 

This addition may take place in two directions leading to the 
formule VII and VIII; of these we think VII the more probable 


Hi, Hy 
Pca ie __/\u 
(VIL) | | jot fe | | iso, “ (VIL) 
es eo 
Z It, 


and therefore the substance C,,H,,0,N, is named i ticieaeiue 
10-hydroxyhexahydrocarbazole in this communication. The most 
remarkable decomposition of this substance is that brought about 
by boiling with potassium hydroxide, when it yields, as the main 
product, an acid, C,,H,,0,N, melting at 124°, together with a small 
quantity of an acid, C,,H,,0,N, which melts at 226°, the con- 
stitution of which is discussed below. The acid C,,H,,0,N is 
decomposed by boiling with excess of alkali into benzoic acid and 
an amino-acid, C,,.H,;O,N (m.p. 129°); the former is therefore 
evidently the benzoyl! derivative of the latter. The mechanism of 
this curious series of changes is probably the following : In the first 
place, the alkali converts 11-nitro-9-benzoyl-10- hydroxyhexahydro. 
carbazole into the corresponding 10 : 11-dihydroxy-derivative (IX); 
this then undergoes oxidation in the presence of the nitrite, and the 
intermediate substance (X) is produced. 
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Neither of these acids appears to have been prepared, but the 
nt acid—sé-benzoylvaleric acid (m. p. 78°)—has been described 

and is produced by the condensation of benzene with the chloride 
of adipic acid (Bauer, Compt. rend., 1912, 155, 288; Borsche and 
Wollemann, Ber., 1912, 45, 3715). The acid C,,H,,0,N (m. p. 
996°), produced in small quantity by the action of alkali on 11-nitro- 
9-benzoyl-11-hydroxyhexahydrocarbazole, is apparently produced 
from 5-0o-benzoylaminobenzoylvaleric acid by internal condensation 
between the >CO of the benzoyl group and the 3->CH, of the 
valeric acid residue, 

CH CO-CH,-CH,"CH,"CH,"CO,H _ 

64 “NH: CO: C,H; 

CH ~” \GCHyCH,-CH,-CO,H 
. *\ NHC C, H, 


and is therefore probably y-4-hydroxy-2-phenylquinoline-3-butyric 
acid. 

Condensations of this kind do not appear to have been previously 
met with, but a somewhat similar change was observed by Perkin 
and Robinson (T., 1913, 103, 1975), namely, the conversion of o- 
aldehydosuccinanilic acid into carbostyril-3-acetic acid by the action 
of alkali. 

A preliminary investigation of the action of nitric acid on 9-acetyl- 
tetrahydrocarbazole was described in the previous communication 
(loc. cit., p. 1828), and it was there shown that the main product, 
under the conditions employed at the time, is the 5-nitro-derivative 
(IIT). 

In view, however, of the unusual course observed in the case of the 
interaction of the 9-benzoyl derivative and nitric acid, it seemed 
desirable to study more completely the action of nitric acid on the 
9-acetyl derivative, and we now find that, if less acetic acid is used 
in this nitration than previously, there is produced, along with the 
j-nitro-derivative, a new substance, C,,H,,O,N, derived from 9- 
acetyltetrahydrocarbazole by the addition of two hydroxyl groups. 

There can be little doubt that the addition again takes place at 
the unsaturated linking of the partly reduced ring and that the new 
substance is 9-acetyl-10 : 11-dihydroxyhexahydrocarbazole (X1). 


Pr n~ OH H, 
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It is curious that the iain of nitric acid on nae and 9- 
acetyl-tetrahydrocarbazole should yield products of such different 
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kinds, for whereas, in the former case, the interaction results in the 
addition of nitric acid (p. 678), in the case now under discussion, the 
change depends on the addition of two hydroxyl groups. 

The investigation of (XI) has yielded very curious and unexpected 
results. In the first place, its behaviour towards alkalis was 
studied, when it was found that it dissolves in hot aqueous alcoholic 
potassium hydroxide to a deep red solution from which an orange 
substance melting at 79° separates. This substance has the 
formula C,.H,,ON, and therefore is obtained from XI (C,,H,,0,N) 
by the removal of acetic acid. At first sight, the most probable 
explanation of this change is that it is brought about by the union 
of the 9-acetyl group with the neighbouring hydroxyl group, in 
which case the substance C,,H,,0N will have the constitution 
represented by formula XII, and we suggest the name 11-hydrozy. 
tetrahydrocarbazolenine for this substance. The presence of the 
hydroxyl group is confirmed by the fact that the substance yields 
a well-characterised, colourless acetyl derivative (m. p. 113°). 

It is, however, by no means clear that the elimination of acetic 
acid during the formation of the substance C,,H,,ON proceeds in 
the direct manner just suggested, for this view scarcely supplies the 
explanation of the fact that, whereas the acetyl derivative is colour. 
less, the substance C,,H,,ON is highly coloured. It is possible that 
the elimination of acetic acid may take place in such a way as to 
yield the isomeric hydroxy-derivative of the formula (XIIa). This 
formula would account for the inability of the substance to form an 
additive compound with methyl iodide and would also supply an 
explanation for its being coloured. 

On the other hand, the colourless acetyl derivative probably has 


the constitution represented by formula (XIIb) derived from XII, | 
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the tautomeric change incurred in the conversion > the substance | 
into the acetyl derivative being that represented by the scheme | 


“i H 
\77 YY 
. AC:OH ’ 


an interchange which would not be difficult to realise in the presence 
of dilute acids. Until, however, further evidence on this point has 
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heen obtained we propose to retain the name 11-hydroxytetrahydro- 
arbazolenine for the substance C,,H,,ON. 

The most interesting property of 9-acetyl-10 : 11-dihydroxyhexa- 
hydrocarbazole is its behaviour on heating either alone or with acetic 
anhydride. Under these conditions, it yields a colourless, crystalline 
substance, C,,H,,O,.N (m. p. 104°), produced from the acetyl 
derivative by the elimination of water; careful examination of this 
substance, however, clearly indicates that this is not a case of 
imple dehydration, but that some fundamental change in con- 
stitution has taken place, and the nature of this change proved for 
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union # sme time very puzzling. Ultimately Professor Robinson suggested 
ip, in § that 9-acetyl-10 : 11-dihydroxyhexahydrocarbazole may be con- 
ution § sidered as a pinacol and that the elimination of water under the 
roxy. @ acidic conditions employed may give rise to pinacolin formation 
f the § according to the scheme 
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and of these alternatives (XIII) was considered the more probable 
on theoretical grounds. 

The investigation of the properties of the substance C,,H,;O.N 
dearly suggests that this view of the mechanism of its formation is 
the correct one, but of the two formule, XIII and XIV, the latter 
seems to be out of the question for reasons stated below. Formula 
XIII represents the substance C,,H,;0,N as an acetyl derivative 
of a spiro-condensation product of y-indoxyl and cyclopentane and 
therefore we propose to name it 6-acetyl--indoxylspirocyclopentane.* 
On hydrolysis with excess of alcoholic potassium hydroxide, this 
substance loses the acetyl group and yields y-indoxylspirocyclo- 
pentane (XV), which crystallises in colourless plates, melts at 113°, 
and is reconverted into the acetyl derivative on treatment with 
acetic anhydride. This behaviour with excess of alkali seems to 
show that XIV cannot be the correct expression for the substance 
0,,H,,0.N, because this structure represents the substance as an 


- has 
XII, | 


* The numbering of the positions in y-indoxylspirocyclopentane employed is : 
2. 
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acetyl-lactam, and this would yield the corresponding amino-acid 
(XVI) on hydrolysis, which, however, is not the case. 


CO 


, CO,H 
A\/\ Jone /~\_62CH,CH 
(XV.) Gs SoH .OH (XVI) 
\A\\ cH OH, faa 


W-Indoxylspirocyclopentane is insoluble in dilute acids or alkalis 
and does not react with ethyl or methyl iodide or with methy| 
sulphate in the presence of potassium hydroxide. It also does not 
yield a nitroso-derivative or a semicarbazone. In these and other 
ways it exhibits properties similar to those of acridone, 

Cy > Coe 
which it resembles in constitution. 

The properties of w-indoxylspirocyclopentane are, however, 
profoundly modified by nitration and the ease with which the nitro. 
derivative is produced is remarkable, the conversion being rapid 
and complete when the substance is boiled for a few minutes with 
20 per cent. nitric acid. The nitro-derivative crystallises in brown 
prisms, melts at 229°, and is presumably 9-nitro--indoxylspiro- 
cyclopentane (XVII). 


CO CO 
CH,°CH, / /CH,'CH, 
NO, \/ Sf no, \/\¥ 
ball Yq CH, CH, A ‘ »CH:,CH, 
(XVIL.) (XVIII.) 


Unlike the parent substance, this nitro-derivative dissolves 
readily in dilute sodium hydroxide, giving a deep yellow solution, 
and is reprecipitated on the addition of hydrochloric acid. When 
the solution in sodium hydroxide is treated with methyl sulphate, 
a colourless monomethy! derivative (XVIII; m. p. 142°) is formed in 
which the methyl group is attached to nitrogen, because it is not 
removed by boiling with hydriodic acid. 

In view of the remarkable differences in behaviour exhibited by 
9-benzoyl- and 9-acetyl-tetrahydrocarbazole on treatment with 
nitric acid, it seemed of interest to investigate the action of nitric 
acid on other N-acyl derivatives of somewhat different character, 
and therefore we prepared ethyl tetrahydrocarbazole-9-carboxylate and 
studied its behaviour with nitric acid. Tetrahydrocarbazole- 
9-carboxylic acid (XIX) may be obtained by passing carbon dioxide 
into the ethereal solution of magnesium 9-tetrahydrocarbazyl 
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jodide (IV), but it is an unstable substance which slowly loses carbon 
dioxide, with regeneration of tetrahydrocarbazole, at the ordinary 
temperature and very readily on warming. The sodium salt also 
rapidly decomposes, but the ethyl ester is quite stable and may be 
readily obtained in a state of purity. The ethyl tetrahydrocarbazole- 
9.carboxylate used in our experiments was prepared from magnesium 
9-tetrahydrocarbazyl iodide by the action of ethyl chloroformate ; 
it separates from alcohol in colourless needles and melts at 65°. 

When it is treated with nitric acid in glacial acetic acid solution, 
oxides of nitrogen are evolved and two substances produced, one 
of which is ethyl 5-nitrotetrahydrocarbazole-9-carboxylate (XX; 
m. p. 116°) because, on boiling with potassium hydroxide, it yields 
5-nitrotetrahydrocarbazole. 

The second substance, C,;H,,0,N, crystallises in colourless needles 
(m. p. 183°) and is evidently ethyl 10 : 11-dihydroxyhexahydrocarbazole- 
9-carboxylate (XXI), produced by the addition of two hydroxyl 
groups to the 10 : 11-position exactly as happened in the case of the 
action of nitric acid on 9-acetyltetrahydrocarbazole. In proof of 
this, we find that, on hydrolysis with potassium hydroxide, the 
substance X XI yields 11-hydroxytetrahydrocarbazolenine (XII). 


H, NO, 4H, H, 
Coe COCR Coe 
AA NAKAO ~ Ae is 

N - N H, N 2 
CO,H CO,Et CO,Et 
(XIX.) (XX.) (XXL) 


The action of nitric acid in glacial acetic acid on 9-phenylacetyl- 
tetrahydrocarbazole, a crystalline substance, m. p. 86°, readily ob- 
tained by the action of phenylacety! chloride on the ethereal solution 
of magnesium 9-tetrahydrocarbazyl iodide, follows the same course 
as in the corresponding cases of 9-acetyltetrahydrocarbazole and 
ethyl tetrahydrocarbazole-9-carboxylate. The product consists of 
5-nitro-9-phenylacetyltetrahydrocarbazole (XXII) and a substance, 
CupH,,03,N, which melts at 169° and is evidently 9-phenylacetyl- 
10 : 11-dihydroxyhexahydrocarbazole (X XIIT). 
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It has already been pointed out (T., 1921, 119, 1828) that the 
study of the nitration of tetrahydrocarbazole and its N-substitution 
derivatives has brought to light examples of apparent reversal of 
the ordinary rules of substitution. When tetrahydrocarbazole or 
its 9-methyl derivative is nitrated in sulphuric acid solution, the 
nitro-group enters the 6- or para-position to the >NH or >NMe 
group, yielding in the case of tetrahydrocarbazole the 6-nitro. 
derivative (I). On the other hand, each of the N-acyl derivatives 
investigated has yielded, on nitration in acetic acid solution, 
derivatives in which the nitro-group has taken up the position 5, 
which may be considered as meta to the >NH group. For example, 
9-acetyltetrahydrocarbazole yields on nitration 5-nitro-9-acetyl- 
tetrahydrocarbazole (III). These results are directly contrary to 
the usual experience, as is evident from the consideration of the 


following scheme : 
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In view of this discrepancy, we have discussed the matter with 
Professor Robinson and he has kindly suggested the following 
explanation. 

The experiments recorded in the present communication on the 
addition of nitric acid to the double linking in derivatives of tetra- 
hydrocarbazole clearly show that the ethylene linking in tetrahydro- 
carbazole is a very active one and the orienting influence is evidently 
‘transmitted through it. The nitrogen ‘atom is responsible for 
this activation of the bond, and the effect of the nitrogen atom 
on the aromatic nucleus must pass through this bond. This view 
clears up the whole difficulty because, in passing through the 
ethylene linking, position 5 becomes the para- and 6 the meta- 
position. The schemes of nitration of tetrahydrocarbazole, in 
sulphuric acid solution, and of 9-acetyltetrahydrocarbazole then 


become : 
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In addition to the experiments on the action of nitric acid on the 
acyl derivatives of tetrahydrocarbazole recorded above, we have 
iso made further attempts to find a satisfactory method for the 
conversion of derivatives of tetrahydrocarbazole into the corre- 
sponding derivatives of carbazole. In Part I of this investigation 
(loc. cit., p. 1830) we converted tetrahydrocarbazole into carbazole, 
and 9-methyltetrahydrocarbazole into 9-methylcarbazole, by boiling 
with mercuric acetate in acetic acid solution, but the yields were 
most unsatisfactory. We now find that better results are obtained 
when the solution of the tetrahydro-derivative in quinoline is boiled 
with the calculated amount of sulphur; this process is successful, 
not only in the cases just mentioned, the yields varying from 15—30 
per cent. of those theoretically possible, but also in the conversion 
of 9-acetyltetrahydrocarbazole and 6-bromotetrahydrocarbazole into 
the corresponding carbazole derivatives. 


ExPERIMENTAL. 


Action of Nitric Acid on 9-Benzoyltetrahydrocarbazole (V). Formation 
of 11-nitro-9-benzoyl-10-hydroxyhexahydrocarbazole (VII). 

The solution of magnesium ethyl iodide obtained from ethyl 
iodide (32 grams), magnesium turnings (4-8 grams), and dry ether 
(450 c.c.) is gradually mixed with tetrahydrocarbazole (34 grams) ; 
interaction proceeds steadily with evolution of ethane and is com- 
pleted by warming for a few minutes on the steam-bath. Addition 
of freshly distilled benzoyl chloride (28-5 grams) causes considerable 
evolution of heat, a heavy viscous layer separates and, after stand- 
ing, the whole is warmed for a few minutes and decomposed by ice 
and water. The ethereal solution of the crude 9-benzoyltetra- 
hydrocarbazole is washed with dilute hydrochloric acid, dried over 
calcium chloride, filtered from a sticky brown substance, and the 
ether removed. A syrupy mass remains which cannot be made to 
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crystallise until it is distilled, when most of it passes over at 235— 
265°/13 mm. as a pale yellow oil which, in contact with alcohol, soon 
crystallises and then separates from alcohol in colourless plates 
melting at 85° (Found: N= 5-0. Cy, 9H,,ON requires N = 5:] 
per cent.). On boiling with aqueous alcoholic potassium hydroxide, 
this benzoyl derivative is readily hydrolysed and, on adding water, 
tetrahydrocarbazole separates. 

Action of Nitric Acid.—In this experiment, the solution of 9. 
benzoyltetrahydrocarbazole (14 grams) in glacial acetic acid (180 c.c.) 
was warmed at 30°, vigorously stirred, and nitric acid (5-1 grams of 
d 1-4) gradually added. In a few minutes a colourless, crystalline 
solid separated which, after remaining for four hours, was collected 
and washed with acetic acid. This substance (6-3 grams)—1]- 
nitro-9-benzoyl-10-hydroxyhexahydrocarbazole (VII)—melts at 150° 
with evolution of oxides of nitrogen, and a similar decomposition 
takes place when it is boiled with glacial acetic acid (Found: 
C = 675; H=53; N=8-3. (C,,H,,0,N, requires C = 67:5; 
H = 5:3; N = 8-3 per cent.). 

The action of potassium hydroxide on this substance is described 
in the next section. 

The acetic acid filtrate from the above substance yielded, on 
dilution with water, a yellow mass which, after two crystallisations 
from methyl alcohol, was obtained in bright yellow prisms melting 
at 140° and proved to be 5-nitro-9-benzoyltetrahydrocarbazole (V1) 
(Found: N = 8-5. C, .H,g0,N, requires N = 8-7 per cent.). 

This benzoyl derivative was hydrolysed by boiling for half an hour 
with aqueous alcoholic potassium hydroxide and, on adding water, 
a yellow solid separated, m. p. 171°; after recrystallisation, it was 
shown, by the melting point of the mixture, to be identical with 
5-nitrotetrahydrocarbazole (m. p. 172°) which had previously been 
obtained from 5-nitro-9-acetyltetrahydrocarbazole by hydrolysis 
(T., 1921, 119, 1836). 


Action of Potassium Hydroxide on 11-Nitro-9-benzoyl-10-hydroxy- 
hexahydrocarbazole (VII). Formation of 8-0-Benzoylamino- 
benzoylvaleric Acid, 8-0-Aminobenzoylvaleric Acid, and y-4- 
Hydroxy-2-phenylquinoline-3-butyric Acid (p. 678). 

In studying this decomposition, the 9-benzoyl derivative (13 
grams) was boiled for fifteen minutes with potassium hydroxide 
(26 grams) dissolved in water (180 c.c.) and alcohol (300 c.c.), and, 
after cooling and diluting with water, the clear solution was acidified 
with hydrochloric acid. 

Occasionally 5-0-benzoylaminobenzoylvaleric acid separates as 3 
colourless solid, but more frequently as an oil which solidifies on 
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standing and rubbing ; it then melts at 124° and, after crystallisation 
from alcohol, from which it separates in colourless needles (7 grams), 
at 126° (Found: C=70-:2; H=59; N=4-2. C,H,,0,N 
requires'C = 70-2; H = 5-8; N = 4:3 per cent.). The sodium salt 
is obtained in silky needles on rubbing the acid with sodium carbonate 
or hydroxide solution; it dissolves in warm water and separates 
again on cooling. 

When the acid (6 grams) is heated on the steam-bath for an hour 
with excess of potassium hydroxide (17 grams), dissolved in water 
(110 c.c.), a clear solution results from which, on cooling and acidi- 
fying with hydrochloric acid, crude y-4-hydroxy-2-phenylquinoline- 
3-butyric acid, which is described below, separates. The filtrate 
from this acid contains 5-0-aminobenzoylvaleric acid, which is isolated 
by making the solution just alkaline with potassium hydroxide and 
then acidifying with acetic acid. The acid (3-5 grams) is precipi- 
tated as a pale yellow solid which melts at 129°, and this melting 
point is not altered by recrystallisation from dilute alcohol, from 
which the acid separates in yellow prisms (Found: C= 65:2; 
H=6-8. C,,H,;0,N requires C = 65-2; H = 6-8 per cent.). 

This acid dissolves in hydrochloric acid (1 vol. of concentrated 
acid +- 1 vol. of water), but almost immediately a crystalline mass 
of the hydrochloride separates. 

The addition of sodium nitrite produces a clear solution of the 
diazonium chloride, which couples with alkaline 8-naphthol to give 
ared dye, and this behaviour confirms the presence of an amino- 
group. 

Attempts to prepare an oxime, phenylhydrazone, and semicarb- 
azone of the amino-acid were unsuccessful. 

y-4-Hydroxy-2-phenylquinoline-3-butyric Acid.—The crude acid, 
obtained as described above, contains varying quantities of 5-o- 
aminobenzoylvaleric acid. On boiling with toluene, this dissolves 
and, after filtering, is deposited from the filtrate in crystals, whereas 
the quinoline derivative remains and may be purified by recrystallis- 
ation from dilute alcohol. The colourless needles which separate 
contain water of crystallisation (Found: C = 69-8; H = 61; 
N=4-5. C,,H,,0,N,H,O requires C= 70:2; H=58; N=43 
per cent.). On heating in a capillary tube, the loss of water is 
rapid at 160° and the residue melts sharply at 226° (Found: C = 74-0; 
H=59; N=5-0. C,,H,,0O,N requires C= 743; H= 5-5; 
N= 4-6 per cent.). The yield of this acid which is produced from 
ll-nitro-9-benzoyl-10-hydroxyhexahydrocarbazole under the con- 
ditions described above was small and did not amount to more than 

0:35 gram from 6 grams. 
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Action of Nitric Acid on 9-Acetyltetrahydrocarbazole. Formation 
of 9-Acetyl-10 : 11-dihydroxyhexahydrocarbazole (XI) and ll. 
Hydroxytetrahydrocarbazolenine (XII). 


The conversion of 9-acetyltetrahydrocarbazole into the 5-nitro. 
derivative by the addition of nitric acid to the solution in much 
acetic acid has been described in the previous communication 
(T., 1921, 119, 1836). We have now ascertained that the inter. 
action proceeds in an entirely different direction in the presence of 
much smaller quantity of acetic acid and under the following con. 
ditions. The acetyl derivative (16-5 grams), dissolved in glacial 
acetic acid (45 c.c.) at 30°, is mixed with nitric acid (7-8 grams of 
d 1-4), diluted with acetic acid (12 c.c.). The temperature rises to 
60°, considerable quantities of oxides of nitrogen are liberated, and 
in a short time crystallisation commences. After several hours, 
the solid is collected and washed with a little acetic acid; it now 
weighs 12-6 grams, melts indefinitely at 155—190°, agd is evidently 
a mixture. If this mixture is dissolved in boiling alcohol (800 c.c.) 
and the filtered solution allowed to remain undisturbed, 5-nitro-9. 
acetyltetrahydrocarbazole alone separates in long needles melting 
at 174°. The filtrate from this substance deposits, on stirring 
and long standing, small, colourless, glistening plates which melt 
at 204°; the melting point is not altered by recrystallisation from 
alcohol. 

The mother-liquors yield, on concentrating, a crop of crystals 
which again are a mixture of the nitro-derivative and the substance 
melting at 204°. The original product of the action of nitric acid 
appears to consist roughly of 20 per cent. of the former and 80 per 
cent. of the latter, which is 9-acetyl-10 : 11-dihydroxyhexahydro- 
carbazole (Found: C=680; H=69; N=45-4. C©,,H,,0,N 
requires C = 68:0; H = 6-9; N = 5-7 per cent.). This substance 
is very soluble in warm alcohol and in boiling acetic acid and 
separates from the latter, on cooling, in well-developed, flat prisms, 
which are sparingly soluble in benzene or light petroleum, and more 
readily soluble in chloroform. It is coloured red by sulphuric acid 
and dissolves to a deep yellow solution; no immediate change is 
produced by the addition of a drop of nitric acid, but on standing the 
colour changes to deep brown. 

Action of Potassium Hydroxide—9-Acetyl-10 : 11-dihydroxy- 
hexahydrocarbazole dissolves to a red solution when it (1-3 grams) 
is heated to boiling for half an hour with potassium hydroxide 
(3-2 grams), dissolved in water (10 c.c.) and alcohol (15 c.c.); 0 
adding water to the cold product, an oil separates which soon 
solidifies to a red mass. This substance, which is obtained i 
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most quantitative yield, separates from light petroleum in long, 
mange prisms and melts at 79° (Found: C=77-:1; H=6-9. 
(gH ,,0N requires C= 77-0; H = 6-9 per cent.). This analysis 
shows that the action of alkali on 9-acetyl-10: 11-dihydroxy- 
hexahydrocarbazole had brought about the elimination of acetic 
acid. 

The substance C,,H,,0N has been named 11-hydroxytetrahydro- 
urbazolenine, and its constitution is discussed on p. 680. It is 
yluble in hot water, yielding a nearly colourless solution possessing 
apale blue fluorescence; the solution in methyl alcohol also has a 
striking fluorescence, but this is destroyed by the addition of a 
drop of ferric chloride without the production of any coloration. 
Itis very soluble in benzene, but sparingly soluble in light petroleum, 
and separates from a mixture of these solvents in needles which have 
ared shade. The crystals on crushing yield a bright yellow powder. 
When heated in small quantities, the substance distils unchanged 
and without any residue, and the distillate solidifies to an orange- 
red, crystalline mass melting at 78—79°. 

The substance C,,H,,0N could not be made to combine with 
either methyl or ethyl iodide, but an acetyl derivative was obtained 
by boiling it with acetic anhydride for four hours. The product, on 
the addition of water, deposited an oil which soon solidified, and the 
acetyl derivative separated from light petroleum in colourless 
prisms (Found: C= 73-4; H=6-5. C,,H,;0,N requires C = 
134; H = 6-5 per cent.). 

11-Acetoxyetrahydrocarbazolenine melts at 113° and is isomeric with 
acetyl-y-indoxylspirocyclopentane (m. p. 104°; see the next section). 
It is hydrolysed to 11-hydroxytetrahydrocarbazolenine when it is 
warmed with methyl alcoholic potassium hydroxide. 


y-Indoxylspirocyclopentane (XV). 

Acetyl--indoxylspirocyclopentane (XIII) is obtained when 9- 
acetyl-10 : 11-dihydroxyhexahydrocarbazole (XI) is either digested 
with acetic anhydride or simply strongly heated. (1) The 9-acetyl 
derivative (2-5 grams) was boiled with acetic anhydride (40 c.c.) 
for two hours and the clear solution, from which nothing separated 
on cooling, mixed with water and well shaken. The yellow solid 
which separated crystallised from alcohol in long, colourless prisms 
and melted at 104° (Found:C = 73:7; H=6-5. C,,H,,0.N 
requires C = 73-4; H = 6-5 per cent.). 

(2) The 9-acetyl derivative (0-5 gram) was heated in a sulphuric 
acid bath at 225° for about thirty seconds, when it effervesced and 
water and some acetic acid distilled and condensed on the cold part 
of the test-tube. The residual brown syrup set to a resin, which 
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solidified when rubbed with methyl] alcohol, and the substance then 
separated from methyl! alcohol in colourless prisms melting at 104° 
(Found: C= 733; H=65; N=61. C©,,H,,;O,N requires 
C= 73-4; H = 6-5; N = 6-1 per cent.). 

That the substances produced by the different methods I and JI 
are identical was proved by the method of mixed melting points. 

Acetyl-y-indoxylspirocyclopentane is readily soluble in hot methy| 
alcohol, but much less so in the cold, and separates in long, colour. 
less, flat needles. It is very readily soluble in benzene, but sparingly 
soluble in light petroleum, and crystallises from the mixture in well. 
developed, flat prisms. The solution in concentrated sulphuric 
acid is colourless and no colour develops on the addition of a drop of 
nitric acid. The acetyl derivative distils at a high temperature 
without decomposition, since the distillate melts directly at 98— 
102° and, after recrystallisation, at 104°. The hydrolysis of this 
acetyl derivative may be brought about by boiling the substance (1 
gram) for half an hour with potassium hydroxide (3 grams), dissolved 
in water (10 c.c.) and alcohol (15 c.c.). The solution, on cooling and 
diluting with water, deposited an oil which soon solidified to a colour- 
less mass melting at 112° and, after recrystallisation from light 
petroleum, from which it separated in colourless plates, at 113° 
(Found: C=770; H=7-1. C,,H,,O0N requires C = 77-0; 
H = 6-9 per cent.). Another method which may be used for the 
hydrolysis of acetyl-y-indoxylspirocyclopentane is treatment with 
magnesium methyl iodide. The acetyl derivative (2 grams) was 
added to an ethereal solution of magnesium methyl iodide, prepared 
from magnesium turnings (0-85 gram) and methyl iodide (5 grams), 
and, after boiling for half an hour, the whole was decomposed by 
dilute hydrochloric acid. The ethereal solution, dried over sodium 
sulphate and evaporated, deposited an oil which soon solidified and, 
on crystallisation from alcohol, colourless plates of pure y-indozyl- 
spirocyclopentane were obtained melting at 113°. 

Experiment showed that magnesium methyl iodide may be 
employed in a similar manner for converting 9-acetyltetrahydrocarb- 
azole into tetrahydrocarbazole. 

y-Indoxylspirocyclopentane is not dissolved by boiling dilute acids 
or alkalis and does not yield a nitroso-derivative when sodium 
nitrite is added to the alcoholic solution containing hydrochloric 
acid. It is not acted on by methyl or ethyl iodide or when methy! 
sulphate is added to its solution in dilute methy] alcoholic potassium 
hydroxide. It does not react when its alcoholic solution is boiled 
with concentrated aqueous semicarbazide acetate. Boiling with 
acetic anhydride converts it into acetyl-y-indoxylspirocyclopentane 
(m. p. 104°. See above.). 
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Action of Dilute Nitric Acid on y-Indoxylspirocyclopentane. Form- 
ation of 9-Nitro-y-indoxylspirocyclopentane (XVII). 

One of the most remarkable properties of y-indoxylspirocyclo- 

pentane is the ease with which it is nitrated even by quite dilute 
nitric acid, the yield of nitro-derivative being almost quantitative. 
The substance (1-2 grams) was added to a mixture of nitric acid 

‘ (10 c.c. of d 1-4) and water (40 c.c.), and the whole gradually heated 
and finally boiled for three minutes with constant shaking. The 
green oil first formed soon solidified to a yellow, crystalline mass, and 
this was collected, well washed, and crystallised from alcohol, from 
which it separated in yellow-brown prisms melting at 229° (Found : 
C= 62:7; H=54; N=12-0. C,,H,,0,N, requires C = 62-1; 
H = 5:2; N = 12-0 per cent.). 

9-Nitro-y-indoxylspirocyclopentane, like  -indoxylspirocyclo- 
pentane, is insoluble in boiling dilute aqueous sodium carbonate, 
but it differs from the parent substance in being readily dissolved to 
a deep yellow solution by warm dilute sodium hydroxide. If the 
solution is concentrated, the yellow sodium derivative separates, 
which is readily soluble in water; addition of hydrochloric acid 
discharges the colour and the 9-nitro-derivative separates. 

9 - Nitro - 6-methyl - y -indoxylspirocyclopentane (XVIII). — This 
characteristic derivative is obtained when 9-nitro-y-indoxylspiro- 
cyclopentane, dissolved in excess of warm dilute sodium hydroxide, 
is vigorously shaken with an excess of methyl sulphate. After 
heating for twenty minutes on the steam-bath, the methyl! derivative 
is collected and recrystallised from alcohol, from which it separates 
in colourless plates melting at 142° (Found: C = 63-3; H = 5-7. 
C,3H,403N. requires C = 63-4; H = 5-7 per cent.). 

When the substance was heated with hydriodic acid, under the 
usual conditions of the Zeisel experiment, no methyl iodide was 
obtained; it is therefore evident that the methyl group is attached 
to nitrogen and is not present as methoxy]. 


T etrahydrocarbazole-9-carboxylic Acid (XIX). 


This very unstable acid is obtained when carbon dioxide reacts 
with the magnesium iodide derivative of tetrahydrocarbazole. 
Magnesium ethyl iodide, prepared from magnesium (1-6 grams), 
ethyl iodide (10-6 grams), and dry ether (50 c.c.), was gradually 
mixed with tetrahydrocarbazole (11-3 grams); when interaction 
was complete, a slow stream of dry carbon dioxide was passed, a 
sticky brown substance separating. On adding hydrochloric acid 
(12 c.c.), diluted with an equal volume of water, the acid separated as 
a colourless solid, which was collected, washed with dilute hydro- 
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chloric acid, and left to dry on porous porcelain. The fetrahydro. 
carbazole-9-carboxylic acid obtained in this way is, however, never 
quite free from tetrahydrocarbazole, because the free acid gradually 
decomposes on keeping with loss of carbon dioxide, a decomposition 
which is much accelerated by warming. The solution of the acid 
in sodium hydroxide also gradually decomposes with separation of 
tetrahydrocarbazole. 

The Ethyl Ester —This derivative, unlike the free acid, is quite 
stable and may be conveniently prepared in the following manner, 

Tetrahydrocarbazole (5-8 grams) is gradually added to magnesium 
ethyl iodide, prepared from magnesium (0-8 gram), ethyl iodide 
(5-3 grams), and dry ether (100 c.c.), and the whole is warmed for 
a few minutes to complete the reaction. Ethyl chloroformate 
(3-7 grams), dissolved in a little dry ether, is then run in slowly, 
when interaction takes place readily with evolution of heat and a 
colourless solid separates. After remaining for an hour, the whole 
is decomposed by dilute hydrochloric acid, the ethereal solution 
well washed, dried over calcium chloride, and the solvent removed 
by evaporation. The oil which remains crystallises in contact with 
alcohol and separates from this solvent in colourless, silky needles 
melting at 65° (Found: N=5-9. C,;H,,0,N requires N = 58 
per cent.). 

When ethyl tetrahydrocarbazole-9-carboxylate is boiled with alcoholic 
potassium hydroxide, it is readily hydrolysed, and, on adding water, 
tetrahydrocarbazole separates. Attempts to convert the ethyl 
ester into the corresponding amide by heating with ammonia were 
unsuccessful. 


Action of Nitric Acid on Ethyl Tetrahydrocarbazole-9-carboxylate. 


As in the case of 9-acetyltetrahydrocarbazole, the action of nitric 
acid on this ester gives rise almost exclusively to two products, 
namely, ethyl 5-nitrotetrahydrocarbazole-9-carboxylate (XX) and 
ethyl 10 : 11-dihydroxyhexahydrocarbazole-9-carboxylate (X XI). The 
separation of these substances may be comparatively easily accom- 
plished if the following conditions are observed. The ester (12-2 
grams), dissolved in glacial acetic acid (20 c.c.) at the ordinary 
temperature, is gradually mixed with nitric acid (5 grams of d 1-4) 
diluted with acetic acid (5 c.c.), the whole being well stirred and care 
being taken that the temperature does not rise above 50°. During 
the action, oxides of nitrogen are liberated in quantity, and a clear 
solution results from which yellow needles of ethyl 5-nitrotetrahydro- 
carbazole-9-carboxylate soon begin to separate. 

After standing for some time (usually about an hour), colourless 
crystals begin to appear. The whole is then immediately filtered 
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and the residue recrystallised from alcohol, from which the nitro- 
ester separates in long, yellow needles melting at 116° (Found: 
N=99. C,;H,,0,N, requires N = 9-7 per cent.). 

When ethyl 5-nitrotetrahydrocarbazole-9-carboxylate is boiled 
for a few minutes with aqueous alcoholic potassium hydroxide, a 
deep red solution is obtained, from which 5-nitrotetrahydrocarbazole 
(m. p. 172°) is precipitated on the addition of water. 

The acetic acid mother-liquors of the 5-nitro-ester deposit, on 
long standing, a mixture of ethyl 10: 11-dihydroxyhexahydro- 
carbazole-9-carboxylate with small quantities of the 5-nitro-ester, 
and these substances may be separated by fractional crystallisation 
from alcohol, the 5-nitro-ester crystallising first. By repeating the 
process, ethyl 10: 11-dihydroxyhexahydrocarbazole-9-carboxylate is 
obtained pure in colourless needles melting at 132—133° (Found : 
C=651; H=67; N=4-8. C,;H,,0,N requires C = 65-0; 
H = 6-9; N = 5-0 per cent.). 

On boiling this ester with a solution of potassium hydroxide in 
aqueous alcohol, a deep red solution results, from which a red solid 
separates on the addition of water. This substance separated from 
light petroleum in orange prisms, melted at 79°, and was shown by 
a mixed melting point determination to be 11-hydroxytetrahydro- 
carbazolenine (XII). 


9-Phenylacetylietrahydrocarbazole. 


This substance may be obtained by a method similar to that 
employed in the preparation of the corresponding benzoyl derivative 
(p. 685). 

Tetrahydrocarbazole (17 grams) is added to the Grignard com- 
pound prepared from magnesium (2-4 grams), ethyl iodide (15-6 
grams), and dry ether (100 c.c.), and then phenylacetyl chloride 
(15-5 grams), dissolved in a little ether, gradually run in with 
continuous stirring. After warming for a few minutes, the mixture, 
from which a sticky oil will have separated, is decomposed by dilute 
hydrochloric acid, the ethereal solution washed, dried over calcium 
chloride, and the ether removed, when crude 9-phenylacetyltetra- 
hydrocarbazole remains as an oil which gradually becomes partly 
solid. As this crude product could not be purified by crystallisation, 
it was distilled and the fraction 270—280°/13 mm. stirred with 
alcohol, when it crystallised and the substance then separated from 
alcohol in long needles melting at 86°. The yield did not amount to 
more than 35 per cent. of that theoretically possible (Found : 
N= 4-7. Cy9H,,ON requires N = 4:8 per cent.). 

Action of Nitric Acid—On treatment with nitric acid, 9-phenyl- 
acetyltetrahydrocarbazole behaves similarly to the corresponding 
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acetyl derivative (p. 688). The phenylacetyl derivative (7-5 grams), 
dissolved in glacial acetic acid (20 c.c.) at 60°, was gradually mixed 
with nitric acid (2-7 grams of d 1-4), when the temperature rose to 
80°, oxides of nitrogen escaped, and almost immediately yellow 
needles began to form. After five hours, the precipitate was col- 
lected and recrystallised from much alcohol, from which 5-nitro. 
'9-phenylacetyltetrahydrocarbazole separated in yellow needles melting 
at 178° (Found: N= 8-4. C,9H,,0,N, requires N = 8-4 per cent.), 

The constitution of this substance was proved by hydrolysis with 
aqueous alcoholic potassium hydroxide in the usual manner, when 
it yielded 5-nitrotetrahydrocarbazole. 

The acetic acid mother-liquors of the 5-nitro-9-phenylacetyl 
derivative gradually deposited small, colourless, glistening prisms; 
after remaining over-night, these were collected and recrystallised 
from alcohol, from which the new substance separated in colourless 
prisms melting at 169° (Found: C= 741; H=6-6. C,.H,,0,N 
requires C = 74:3; H = 6-5 per cent.). This substance is clearly 
9-phenylacetyl-10 : 11-dihydroxyhexahydrocarbazole (XXIII), as the 
following behaviour proves. The substance (0-9 gram) was heated 
with acetic anhydride (17 c.c.) to boiling for four hours, and the 
clear solution mixed with water, when an oil was deposited which, 
in contact with light petroleum, soon crystallised. On recrystallis- 
ation from alcohol, colourless plates separated which melted at 78°. 

That this substance is 6-phenylacetyl-y-indoxylspirocyclopentane 
was shown by hydrolysis with aqueous alcoholic potassium hydroxide, 
when it yielded crystals melting at 113° which were proved by a 
mixed melting point determination to be y-indoxylspirocyclo- 
pentane (XV). 


Action of Sulphur on Tetrahydrocarbazole and its Derivatives. 


Owing to the fact that carbazole and its derivatives react with 
sulphur with evolution of hydrogen sulphide, it is necessary to 
employ only sufficient sulphur to remove the added hydrogen. The 
best results were obtained when the reactions were carried out in 
the presence of some high-boiling solvent such as naphthalene or 
quinoline. 


Conversion of Tetrahydrocarbazole into Carbazole-—Tetrahydro- 


carbazole (6 grams) and sulphur (2-25 grams) were heated with 
quinoline (20 c.c.) to boiling for thirty minutes, during which 
hydrogen sulphide escaped. The product was poured into a mixture 
of ice and excess of dilute hydrochloric acid, and the yellow-brown 
precipitate collected, washed with water, dried, and extracted with 
boiling toluene. On cooling, a mass of almost colourless crystals 
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(I'8 grams) separated, which melted at 230° and consisted of car- 
bazole. In this and other similar experiments, pure quinoline must 
be used, because if crude coal tar quinoline is employed, a resinous 
product results from which very little crystalline substance can be 


extracted by toluene. 


In testing the general applicability of this process the following - 


experiments were made. 

9-Methyltetrahydrocarbazole (3 grams), sulphur (1-05 grams), and 
quinoline (10 c.c.) were heated together for twenty-five minutes. 
0n pouring the product into dilute hydrochloric acid, an oil sepa- 
rated, which soon solidified. The substance, which melted at 
§3—84° after crystallisation from alcohol, consisted of 9-methyl- 
carbazole (m. p. 86°), as a mixed melting point showed. The 
yield was, however, only 15 per cent. 

9-Acetyltetrahydrocarbazole (5 grams) was then heated with 
sulphur (1-5 grams) and quinoline (15 c.c.) to boiling for half an 
hour. On treatment with dilute hydrochloric acid, an oil resulted 
which soon solidified to a brown mass, and this separated from light 
petroleum in needles melting at about 69°. That this substance 
was nearly pure 9-acetylcarbazole (m. p. 75°) was shown by a mixed 
melting point determination. The yield was about 22 per cent. 

6-Bromotetrahydrocarbazole (3-2 grams) was boiled with quinoline 
(10 c.c.) and sulphur (0-82 gram) for twenty-five minutes, and the 
product poured into dilute hydrochloric acid, when a yellow solid 
was obtained which, after crystallisation from toluene, melted at 
about 186°, the yield being 20 per cent. of theory. That this 
substance was nearly pure 3-bromocarbazole (m. p. 197°) was shown 
by a mixed melting point determination, carried out with a specimen 
of this substance which had been obtained by brominating 9-acetyl- 
carbazole and then removing the acetyl group. 

Borsche, Witte, and Bothe (Annalen, 1908, 359, 58) found that 
tetrahydrocarbazole and certain of its derivatives can be oxidised 
to carbazole, etc., by distilling over lead oxide, but their method 
fails in the case of halogen- or nitro-derivatives. We have 
also found that the sulphur process is not applicable to 6-nitro- 
tetrahydrocarbazole, the product being black and resinous. An 
experiment was also made on the action of sulphur (1-6 grams) on 
the boiling solution of ethyl tetrahydrocarbazole-9-carboxylate 
(6 grams) in quinoline (15 c.c.), but the product, on extraction with 
toluene, yielded only carbazole (1-4 grams). 


THe Dyson PEerRiIns LABORATORY, 
OxFORD. [Received, January 22nd, 1923.] 
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LXXXII.—The Conditions of Reaction of Hydrogen 
with Sulphur. Part I. Direct Union. 


. By Ronatp GEORGE WREYFORD NorRisH and Eric KEicutizy 
RIDEAL. 


Tue interaction of hydrogen and sulphur at temperatures below 
the boiling point of the latter has been investigated by Haute. 
feuille (Compt. rend., 1867, 64, 610), Pelabon (ibid., 1897, 124, 686), 
and Bodenstein (Z. physikal. Chem., 1899, 29, 315). The work of 
the latter two investigators was, however, in disagreement, and 
after a somewhat lengthy controversy (Duhem, ibid., p. 711; 
Bodenstein, ibid., 1899, 30, 567) the whole subject was apparently 
dropped and left in an unsatisfactory condition. 

Pelabon (loc. cit.) states that combination between hydrogen and 
sulphur occurs down to a limiting temperature of 215°. Between 
the latter temperature and 350° combination is limited, but not by 
the reverse reaction, since hydrogen sulphide is not appreciably 
dissociated at these temperatures. In other words, according to 
this investigator the state of equilibrium obtained is different 
according as hydrogen sulphide or a mixture of hydrogen and 
sulphur is heated. Above 350°, the same equilibrium is attained 
from both sides. Pelabon cited these facts as evidence for including 
the formation of hydrogen sulphide from its elements in the class 
of reactions showing false or suspended equilibrium. 

Bodenstein (loc. cit.), on the other hand, who repeated Pelabon’s 
work, obtained no evidence of suspended equilibrium, the produc- 


tion of hydrogen sulphide from its elements proceeding normally 


according to a unimolecular law down to a temperature of 234°. 
It appears probable that the methods adopted by these two authors 
are open to several important errors. First, Pelabon (Compt. 
rend., 1897, 124, 35) has shown that molten sulphur dissolves 
hydrogen sulphide in quantities increasing with the temperature 
to which the system is heated, the gas being liberated on solidific- 
ation of the sulphur. Under their conditions of experiment, this 
evolved gas would vitiate the results of both Bodenstein and Pela- 
bon, being added to the equilibrium quantity of hydrogen sulphide 
measured after the cooling of their bulbs. 

Secondly, it is uncertain from the work of Pelabon and Boden- 
stein whether the walls of the vessels exerted any catalytic effect. 
The fact that Bodenstein obtained a gradual increase in the tem- 
perature coefficient of the reaction, for example, from 1:34 between 
234° and 283° to 1°77 between 310° and 356°, is not in harmony 


HYDROGEN WITH SULPHUR. PART I. DIRECT UNION. 697 


yith his conclusion that the reaction is homogeneous and confined 
to the gaseous phase. 

In view of the possible errors inherent in the static methods 
adopted by the above investigators, and also as a result of experience 
ybtained from some personal attempts at a static method, the 
authors came to the conclusion that a dynamic method of inves- 
tigating the problem might throw new light upon it. The streaming 
method described below has the advantage that the same vessel 
can be used throughout, thus keeping surface effects constant, 
and is free from the error consequent upon the solution of hydrogen 
sulphide by molten sulphur, described above. 
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A. Reaction vessel. E. Screw clip regulating gas flow. 
B. Absorbing potash solution. F. Sulphuric acid wash-bottle. 

C. Gas ring supporting bath. G. Stirrer. 

D. Thermostat bath. 

It has been found possible to show that the combination of 
hydrogen and sulphur takes place by way of two reactions, a 
gaseous and a surface reaction, the former being predominant 
above 285° (for the vessel employed), and the latter more important 
bellow this temperature, the temperature coefficients of the two 
ractions being constant, but widely different in value. 


EXPERIMENTAL. 


A Claisen flask of about 60 c.c. capacity was carefully cleaned 
with chromic acid, distilled water, and methyl alcohol, and finally 
dried. Into it one gram of pure sulphur was weighed, and the 
top of the side tubulure sealed up. Into the main tubulure a tube 
was sealed, passing to the centre of the flask, for the delivery of 
hydrogen (Fig. 1). The hydrogen used was obtained from a 
VOL. CXXIII. BB 
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TABLE [. 


Pressure of hydrogen = 0°810 atm. 
Rate of flow of gas = 136 c.c. per hour. 


Colorimeter 
reading 
divided by Grams of Log (wt. HS 
No. of time in H,S formed formed per 
Temp. estimations. minutes. per sec. x 108. second). 
265° 10 0-273 1-02 —7-9914 
285 14 0-884 3°31 — 7-4802 
305 ve 4-58 17-2 — 6-7645 
325 10 12-9 48-1 —6-3179 
340 “ 41-9 157-0 — 5-804] 
TABLE II. 


Pressure of hydrogen = 0°304 atm. 
Rate of flow of gas = 136 c.c. per hour. 


Colorimeter 
reading 
divided by Grams of Log (wt. H,S 
No. of time in H,.S formed formed per 
Temp. estimations. minutes. per sec. X 108. second). 
265° 15 0-219 0-82 — 8-0862 
285 11 0-592 2-21 — 7:6556 
305 10 1-74 6-49 —7-1878 
325 12 6-14 23-0 — 6-6383 
340 15 1871 67°8 — 6-1688 


cylinder of electrolytic hydrogen, and was stored in a gas-holder. 
It was purified from oxygen by passing over a heated spiral of 
copper gauze and finally dried by passage through a wash-bottle 
containing sulphuric acid. The hydrogen was allowed to flow 
through the sulphur bulb, maintained at a constant temperature 
in a bath of the eutectic mixture of potassium and sodium nitrates. 
When this bath was kept well stirred, it was found possible to 
regulate the temperature to 0°5°. The hydrogen sulphide formed 
was carried forward in the gas stream and absorbed by bubbling 
the effluent gas through caustic potash solution. 

By regulating the speed of bubbling, the rate of gas flow was 
kept constant. Under these conditions, when the system had 
attained equilibrium, the velocity of the reaction at a given tem- 
perature could be measured by estimating the hydrogen sulphide 
absorbed by the potash over a given interval of time. This was 
accomplished colorimetrically. The solution was acidified with 
acetic acid, and the sulphide precipitated as colloidal lead sulphide 
by the addition of excess of lead acetate solution. The brown tint 
of the solution so obtained was then compared in a colorimeter 
with that of a standard, freshly prepared from a solution of lead 
acetate containing 0°025 gram per litre. 

The reaction was carried out at various temperatures for two 
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different pressures of hydrogen, by diluting the gas with nitrogen. 
The results obtained are given in Tables I and II. 

If the logarithms of the velocities are plotted against time (curves I 
and II, Fig. 2), it will be observed that straight lines are not obtained. 
The curvature in fact confirms Bodenstein’s observations (loc. cit.) 
that the temperature coefficient of the reaction increases gradually 
with temperature. 

If, however, we plot the logarithms of the differences of corre- 
sponding velocities for the two pressures against temperature, we 
obtain a straight line (curve III, Fig. 2). This fact led us to the 
conclusion that there are two reactions proceeding concurrently, a 
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surface reaction and a gaseous reaction, and that the former, 
assumed independent of pressure and therefore constant, disappears 
on taking the difference of the corresponding velocities. 

Curve III thus refers to a gaseous reaction proceeding at pressure 
0810 — 0:304 = 0°506 atmosphere. Assuming this reaction to be 
directly proportional to the pressure, we can obtain from it by 
simple proportion the velocities of the gaseous reactions at the 
pressures employed, that is, 0°810 and 0°304 atm. The logarithms 
of these velocities, plotted against temperature, give of course two 
straight lines parallel to curve III (curves IV and V, Fig. 3). The 
surface reactions at the two pressures employed can now be deter- 


mined by subtracting the gaseous velocities, obtained as above, 
BB2 
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from the corresponding observed total velocities. These, on our 
hypothesis, should be equal, being independent of pressure. That 
this is so will be seen by referring to Table III; column 2 gives the 
antilogarithms of points taken from curve III. In columns 8 and 4 
are recorded the gaseous reaction velocities calculated from them as 
described above. Columns 5 and 6 give surface reaction velocities 
calculated from curves I and IV and from curves II and V, respec. 
tively ; column 7 gives the mean surface reaction velocity. 
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TABLE ITI. 


Gas react. vels. Surface react. 
ome. in grams per vels. in grams 
— second x 108, per second x 108, Logs. 

curve 0-810 0-304 0-810 0-310 surface 
Temp. JIIx10% Atm. Atm. Atm. Atm. Mean velocity. 
265° 0-188 0-300 0-113 0-72 0-71 0-715 —8-146 
285 1-00 1-60 0-60 1-71 1-61 1-66 — 7-780 
305 5-01 8-02 3-01 3-48 3-48 3-48 — 7-458 
325 25-1 40-2 15-1 7:90 7:90 7-90 — 7-102 
340 89-1 142-6 53-5 14-4 14-3 14-35 — 6-843 


Finally, it will be observed that if the logarithms of the calculated 
surface velocity are plotted against temperature (curve VI, Fig. 3), 
a straight line is obtained whose slope is less than that of the gaseous 
reaction. This indicates that the surface reaction has a perfectly 
definite and constant temperature coefficient, less than that of the 
gaseous reaction. 
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F 
1 our The temperature coefficients of the two reactions may be calcu- 
That @ lated from the slopes of curves IV and V and of curve VI, giving 
3 the # the values, gaseous reaction 2°26, surface reaction 1°48. 
and4 § The fact that a straight line is finally obtained by plotting the 
m as § jogarithms of the surface reaction velocities against temperature is 
cities # strong confirmation of the assumption adopted for dealing with the 
spec. # experimental curves, namely, that the gaseous reaction is propor- 
tional to the pressure, and the surface reaction independent of the 
pressure. The variable temperature coefficient of the reaction 
— frst observed by Bodenstein is thus a result of the combination ot 
1 two reactions, surface reaction and gaseous reaction, possessing 
/\ | constant but widely differing temperature coefficients. 
The Surface Reaction. 
a As a result of experiments carried out using flasks of different 


internal surface area, it was found possible to show that the surface 
action is directly proportional to the area of the internal surface 
of the reaction chamber, and thus independent of the quantity of 
sulphur present. This quantitative observation was borne out by 
the observation that on removing the reaction flask suddenly from 
the bath, the whole internal surface was covered with a thin film 
of liquid sulphur, which quickly solidified to a coating of feathery 
crystals. 

Five reaction flasks of the type described above, varying in 
volume from 260 c.c. to 33°5 c.c., after cleaning and drying, were 
each charged with 1 gram of sulphur. One of the flasks (No. 4) 
was that used in the experiments already detailed. The flasks 
were then connected through calcium chloride tubes with a source 
of pure hydrogen at atmospheric pressure and evacuated and filled 
with the gas three times. They were all heated in the same oil- 
bath, kept well stirred at 250° for three hours. The effluent gas 
from each flask was passed into 60 c.c. of N/100-caustic soda 
solution; finally, the flasks were all allowed to cool to 150° in 


: a current of hydrogen, the total hydrogen sulphide formed in 
39 +g cach under identical treatment thus being collected in the respective 
: soda solutions. The estimation was carried out colorimetrically 
13 as before; the results are given in Table IV. Columns 2, 3, 


4, and 5 give the various dimensions of the flasks employed, the 
total internal surface being computed from the formula 


& = 4rr* + 27(p,; + po)l, 


where is the radius of the flask, / the effective length of the hydrogen 
delivery tube, p, and p, the internal and the external radius of the 
delivery tube. Columns 6 and 7 give the surface and volume 
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reactions, calculated from the known surface and volume reactions 
in flask 4 (see curves IV, V, and VI), on the assumption that the 
surface reaction is proportional to the total internal surface of the 
vessel, and the gaseous reaction to the total volume. 


TABLE IV. 
Effective Cale. Calc. Total Total 
length surface volume’ calc. observed 


of H, action. action. action. action. 
Internal delivery Total Total Grams of Gramsof Grams of Grams of 
Flask radius. tube. surface. volume H,S x H,S x HSx 4H,8x 


No. Cm. Cm. §8g.cm. C.c. 10°. 10°. 10°. 10°, 
1 3°95 50 218 259 1-25 0-55 1-80 1-83 
2 3°45 4-0 169 172 0-97 0-36 1-33 1-35 
3 3-05 3-0 130 159 0-75 0-25 1-00 1-00 
a 2-60 2-5 95-9 73-6 0-55 0-156 0-706 0-706 
5 2-00 2-5 61-5 33-5 0-352 0-071 0-423 0-538 


The very close agreement between the calculated and observed 
values in columns 8 and 9 may be taken as strong proof that the 
surface reaction is directly proportional to the total internal surface 
of the reaction vessel. 

In the light of the results of the present paper it is now possible 
definitely to assert that there are no grounds for Pelabon’s con- 
tention (loc. cit.) that the reaction between hydrogen and sulphur 
shows false equilibrium between 350° and 215°. His results are 
simply due to the fact that he did not heat his bulbs long enough 
for equilibrium to be established. With the help of the curves for 
the surface and the gaseous reactions in Fig. 3, and knowing also, 
from the volumes given by Pelabon, the ratios of the surfaces and 
volumes of his bulbs to the surface and volume of our reaction 
vessel, it is possible to calculate the percentage of hydrogen sulphide 
which should have been formed in each, assuming the surface and 
volume reactions to proceed perfectly regularly according to the 
principles laid down above. 

In Table V the calculated percentages, shown in comparison with 
Pelabon’s experimental data, were obtained neglecting the reverse 
reaction of decomposition of hydrogen sulphide, which is known 
to be very small at the temperatures of the experiments, and also 
on the assumption that Pelabon filled his bulbs with hydrogen 
at atmospheric pressure, and sealed them at the ordinary tem- 
perature before heating. 

The close parallelism between the calculated and the observed 
percentage of hydrogen sulphide in Pelabon’s bulb is strong con- 
firmation that the reaction therein was proceeding normally, that 
is, he obtained no less hydrogen sulphide than one would have 
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TABLE V. 


Surface Observed 
of bulbs percentage Calculated 


(sq. cm.), of H,S percentage 

Hours of Volume of calc. from at end of H,S 
Temp. heating. bulbs (e.c.). volumes. (Pelabon). at end. 
220° 624 7:15 17-9 2-1 4:7 
225 237 7-05 17-7 12-0 10-7 
280 162 7-13 17°9 33:6 40-8 
310 168 7-45 18-4 69-1 100 
350 27 6-55 16-9 97-0 100 


expected from his times of heating, and his figures thus cannot 
be taken as evidence of any false equilibrium existing in the 


bulbs. 


The Reaction Kinetics of the Interaction of Hydrogen and Sulphur. 


For the surface reaction to be independent of pressure, as found 
experimentally, it is necessary either that the surface of the sulphur 
is practically entirely coated with hydrogen sulphide under the 
conditions of the experiment, and that the observed rate of reaction 
is simply the rate of evaporation of hydrogen sulphide from the 
overed surface, or that the surface is completely covered with 
hydrogen and that the hydrogen molecules on the surface react, 
as the sulphur molecules become active, at a rate dependent 
mly on the temperature, hydrogenation taking place and the 
hydrogen sulphide being removed by evaporation as quickly as it is 
formed. 

It will be shown in a later paper on the catalytic effect of oxygen 
gas on this reaction that the latter assumption only is in accord 
with facts. From the temperature coefficients of the gaseous and 
surface reactions we can calculate the “critical increment” or 
energy of activation of the two reactions. In order to obtain the 
true temperature coefficient for the gaseous reaction, it is necessary 
to correct the velocities of formation of hydrogen sulphide at 
different temperatures for increasing vapour pressures of the 
sulphur. 

Assuming the reaction takes place between sulphur atoms and 
hydrogen molecules, the true velocity constant of the gaseous 
reaction at a given temperature, ¢°, is given by : 


Vi = k, x Cu, x Cs 


and that at (¢ + 10)° is 
Vz = ky x Cu, x C's; 


where C,; and C’, represent the concentrations of sulphur atoms 


in the vapour at ¢° and (¢ + 10)°, respectively, Cg, refers to the 
B B* 
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concentration of the hydrogen, V, and V, are the velocities of 
hydrogen sulphide formation, and k, and k, the corresponding true 
velocity coefficients. 

Thus k,/k, = V,/V, x Cs/C’s. But k,/k, is the true tem. 
perature coefficient, V,/V, the apparent temperature coefficient 
(that is, 2°26 from curves IV and V, Fig. 3), and C’;/C, is the tem. 
perature coefficient of the increase of free sulphur atoms in the 
vapour. Since, at the temperatures of the experiments, practically 
all the sulphur vapour is in the form Sg, and dissociation probably 


ae 
_— 


takes place according to the scheme Bs = , We may write 
2 _— 


O's/Cs = 9/C's,/8/Ca, = S/P’/8/P, 


where P’ and P are the corresponding vapour pressures of sulphur 
at ¢-+ 10° and ?¢°. 

Bodenstein (Z. physikal. Chem., 1899, 29, 315) gives the following 
values for the vapour pressure of sulphur : 


OREN cco sascesecss 356° 310° 203° 234° 
Press. (mm.) ... 139°5 46°7 22:1 4°51 


Whence it follows that °/P’/3/P = 1-033. 
Thus the true temperature coefficient of the gaseous reaction is 
k,/k, = 2°26/1°033 = 2°19. 


The heats of activation calculated from the temperature coefficient, 
1-48, for the surface reaction, and the temperature coefficient, 
2°19, for the gaseous reaction, are as follows : 


EEROOMERUEI onesies etch eendec 26,200 cal. 
GEBOOUB FOROTON .osocisccccsoscsescscesenen 52,380 ,, 


It will be observed that the heat of activation of the gaseous 
reaction is exactly double that of the surface reaction. 

Viewed in the light of the activation theory of chemical action, 
this fact is of great interest. It would appear that exactly two 
quanta of active energy are necessarily absorbed in the gas reac- 
tion, to one quantum in the surface reaction. It may, however, 
mean that the activation of the sulphur molecules can take place 
in one stage or in two stages. In the gaseous reaction, before 
combination between sulphur atoms and hydrogen molecules can 
take place, the sulphur molecules must be fully activated by the 
absorption of both quanta. In the case of the surface reaction, 
however, we may suppose that the adsorbed hydrogen molecules 
adhere to the sulphur molecules, semi-activated by the absorption of 
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one quantum, leading to the formation of a surface layer composed 
almost completely of hydrogen molecules. 

This adsorbed hydrogen is converted into hydrogen sulphide on 
the absorption of a second quantum of like magnitude by the sulphur 
atoms, and the hydrogen sulphide molecules subsequently evaporate 
fom the surface. In the case of the surface reaction we are thus 
rally measuring the rate of chemical action between adsorbed 
hydrogen, and sulphur atoms in the surface.* 


Summary. 


The reaction between hydrogen and sulphur at temperatures 
below the boiling point of the latter has been studied by a dynamic 
fow method, free from the errors of the methods of the earlier 
workers on this problem. It has been demonstrated that com- 
bination takes place by way of two reactions, a gaseous reaction 
proportional to the pressure of the hydrogen, and a surface reaction 
independent of the pressure of the hydrogen. The temperature 
coefficient of each reaction was obtained and found to be 1°48 for 
the surface and 2°19 for the gaseous reaction. The surface reaction 
has been shown to be directly proportional to the internal surface 
of the vessel and independent of the quantity of sulphur in the 
bulb. 

The statement of Pelabon that this reaction shows false equi- 
librium below 350° has been proved incorrect, being founded on 
the error that his reaction bulbs were not heated long enough for 
the systems to attain equilibrium. 

The heats of activation of the gaseous and surface reactions have 
been calculated from the temperature coefficients, namely, 52,400 
and 26,200 calories, respectively, the former being exactly double 
the latter. It is suggested in explanation of this that the sulphur 
molecules can become activated in two stages. 


Our thanks are due to the Board of Scientific and Industrial 
Research for a grant to one of us (R. G. W. N.) and assistance in 
defraying the cost of part of the apparatus. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
CAMBRIDGE UNIVERSITY. [Received, February 10th, 1923.] 


* It is hoped to deal more fully in a later paper with the molecular 
mechanism of the surface and gaseous reactions. 
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LXX XIII. — Heterogeneous Equilibria between the 
Chlorides of Calcium, Magnesium, Potassium, and 
their Aqueous Solutions. Part I. 


By Wriu1aMm Bett Lez and ALFRED CHARLES EGERTON. 


Durine the course of an investigation on the quinary system 
CaCl,-MgCl,-KCl-NaCl-H,O, it became necessary to study in 
detail the ternary systems CaCl,-KCI-H,O, CaCl,-MgCl,—-H,0, 
and MgCl,-KCI-H,0. 

Although a considerable volume of work closely bearing on these 
systems has been done, much of which was pioneer work of van't 
Hoff and his pupils, there appears to have been published no com. 
plete study of these ternary systems. 

It is the object of the present paper to place on record the 
results obtained at 25° for the systems CaCl,-MgCl,-—H,0 
and CaCl,-KCI-H,O together with some remarks on the system 
MgCl,-KCI-H,0. 


I. The Ternary System CaCl,-KCI-H,O at 25°. 


Data for the solubility of potassium chloride and of calcium 
chloride are avajlable and, in addition, Miilder found that at 7°, a 
solution saturated simultaneously with calcium chloride hexahydrate 
and potassium chloride contained 2-9 per cent. of the latter (Seidell’s 
“* Solubilities,”’ 2nd edition, p. 89). Van’t Hoff (“‘ Zur Bildung der 
Ozeanischen Salzablagerungen,” II, p. 11) also determined two 
points in the quaternary system with sodium chloride present as an 
additional solid phase. He found that the invariant solutions 
contained 4-5 and 3-5 per cent. of potassium chloride at 25° and 
83°, respectively. 

The results of these investigators showed that the chlorides of 
potassium and sodium are comparatively insoluble in saturated 
solutions of calcium chloride. 

The main purpose of the present work was to examine the form 
and extent of the saturation curves in the ternary system of the 
pure components (sodium chloride being absent) and also to obtain 
some idea of the form of the saturation surfaces in the quaternary 
system containing magnesium chloride as an additional component. 

Table I gives the analytical results together with the density 
and viscosity data, and a graphical representation of the results 
obtained is given in Fig. 1. 

E and F denote the solubility of pure potassium chloride and of 
calcium chloride hexahydrate, respectively, in water (grams per 
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100 grams of saturated solution). HD is the saturation curve of 
potassium chloride, that is, it represents the composition of all 
possible saturated solutions containing potassium and calcium 
chlorides in solution, with one solid phase present, namely, potassium 
chloride in contact with solution. Similarly, FD denotes the 
composition of the solutions saturated with respect to calcium 
chloride hexahydrate only. The isothermal invariant point ) 
represents the composition of the solution saturated with respect 
to both potassium chloride and calcium chloride hexahydrate, 
The area BED is the KCl-field of complexes, and DFN is the 
CaCl,,6H,O-field. Points in the area BDN represent complexes 
of solid potassium chloride, solid calcium chloride hexahydrate, 
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and invariant solution D. The area BNC denotes mixtures of solid 
potassium chloride and calcium chloride, the latter not containing 
sufficient water to form only hexahydrated calcium chloride. 
AEDF is the area of unsaturated solutions. 

Fig. 1 shows that the solubility of potassium chloride is relatively 
greatly depressed by the presence of a small concentration of calcium 
chloride, and that as the latter increases the potassium chloride- 
content rapidly decreases until it attains the order of from 3 to 4 
per cent. of KCl, after which further addition of calcium chloride 
does not cause the percentage of potassium chloride to change 
appreciably. From the form of the saturation curves it is evident 
that if an unsaturated solution containing calcium chloride and 
potassium chloride is evaporated at 25°, potassium chloride will, 
in general, be deposited first, and further that as soon as the solution 
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jas been concentrated to the point of crystallisation (which may 
rary widely according to the composition of the original unsaturated 
ylution), potassium chloride will separate in relatively large 
quantity at first. 

Cameron, Bell, and Robinson (J. Physical Chem., 1907, 11, 396) 
determined solubilities in the system CaCl,-NaCl-H,O at 25°, 
ud their results are plotted in Fig. 2 for comparison with Fig. 1. 
It is seen that the form of the saturation curves is very similar in © 
the two systems: CaCl,-NaCl-H,O and CaCl,-KCI-H,O0, both 
at 25°. 

Fie. 2. 


UNSATUR®? 


eo : 


Further, both potassium chloride and sodium chloride are com- 
paratively insoluble in very concentrated calcium chloride solution, 
so that in the general case of the evaporation of unsaturated solu- 
tions in either of these ternary systems the bulk of the sodium 
chloride (or potassium chloride) will be readily recoverable. 

Density Determinations.—The relative density (D3) of the mono- 
variant solutions (KCI solid phase) may conveniently be plotted as a 
function of the composition (ratio CaCl,/KCl), as it will be seen that 
the KC] saturation curve extends almost right across the ternary 
diagram. The empirical equation p = 1-182 + 0-0444R — 0-0048R? + 
00002193, where p is the density and R the ratio CaCl,/KCl, 
gives the density of any solution on the KCl saturation curve. 
The results of Cameron, Bell, and Robinson (Joc. cit.) for the densities 
of the corresponding monovariant solutions in the system CaCl,- 
NaCl-H,0 at 25°, when plotted, give a curve which is of the same 
general form. 
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Viscosity Determinations. 

The relative viscosity of solutions of pure potassium chloride at 
25° passes through a minimum value with increasing concentration 
(compare Herz, Z. anorg. Chem., 1917, 99, 132.) 

In the system CaCl,-KCI-H,O at 25° there is a very striking 
increase in the viscosity of the saturated solutions with increasing 
concentration of calcium chloride. The effeet of adding calcium 
chloride to a saturated solution of potassium chloride at 25-1° is 
to increase the viscosity until, at the “ break-point,’” the saturated 
solution is more than twenty times as viscous as pure water at the 
same temperature. 

Practical Details —The salts used were pure potassium chloride 
and pure calcium chloride. The working temperature was 25-1° + 
0-05°. The solid phases occurring in the systems investigated were 
characterised by the well-known “residue”? method of Schreine- 
makers. All analyses were carried out in duplicate and in several 
cases the analytical work was checked by starting with a weighed 
complex of pure components, and after equilibrium had been 
reached, analysing the solution and residue. The analyses were 
usually carried out by precipitating calcium as oxalate and titrating 
the washed calcium oxalate with standard permanganate according 
to Peters’s method (Amer. J. Sci., 1901, [iv], 12, 216), which gives 
results in good agreement with those obtained by the usual gravi- 
metric method. Chlorine was estimated by titrating the neutral 
solution against silver nitrate. Analyses were carried out in 
duplicate and potassium was found by difference. A direct estima- 
tion of potassium was made at the “ break-point ” by the cobalti- 
nitrite method. Several estimations indicated that the potassium 
chloride content at the “ break-point”’ was about 3-4 per cent.; 
the value 3-1 per cent. of potassium chloride was obtained by 
difference. For the relative viscosity determinations an Ostwald 
viscosity tube was used, the time of outflow for water being about 
two and a half minutes. The results given were calculated by the 
usual Ostwald formula. Duplicate or triplicate measurements 
were made. 


Il. The Ternary System CaCl,-MgCl,-H,O at 25°. 

Data for the solubility of the hexahydrates of calcium and mag- 
nesium chlorides separately in water are available (Seidell, Landolt, 
etc.). If the effect of saturation with sodium chloride be neglected, 
one may say that van’t Hoff determined the composition of the 
two invariant points at 25° (op. cit., II, p. 10). The results of the 
present work are represented graphically in Fig. 3 and in Table II. 

In this system a double salt, tachhydrite, CaCl,,2MgCl,,12H,0, 
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geours and Fig. 3 also differs from Fig. 1 in that both salt components 
exist as stable salt hydrates at this temperature. D denotes the 
wlubility of pure magnesium chloride hexahydrate in water, and 
fits composition. H represents the solubility of calcium chloride 
hexahydrate, and K its composition. DF is the saturation curve 
of magnesium chloride hexahydrate, FG and GH are the correspond- 
ing curves for tachhydrite and hydrated calcium chloride, respect- 
ively. ADFGH is the area of unsaturated solutions. The area DEF 
represents complexes of magnesium chloride hexahydrate and satu- 
rated solutions on curve DF, and FGT' denotes complexes of tach- 
hydrite + saturated solutions on curve GF. EFT is the area of 
complexes of solid MgCl,,6H,O + tachhydrite + solution F, and 


Fic. 3. 


0... CaCl,6Aq 1 Tacnuyprire. 


be\L \L\L buds 


T@K the complex area tachhydrite + hydrated calcium chloride + 
solution G. BETKC is the area of solid mixtures of calcium 
chloride, magnesium chloride and water, the latter eomponent not 
being in sufficient amount to form only the hydrated solid salts. 
The composition of the invariant solution F cannot be expressed 
in terms of positive amounts of water and the solid phases tach- 
hydrite + MgCl,,6H,O with which it is in equilibrium. F is 
therefore an incongruently saturated solution, and G denotes a con- 
gruently saturated solution. 

On concentrating an unsaturated solution of the chlorides of 
magnesium and calcium in water, different phenomena occur accord- 
ing 40 the composition of the original solution. All unsaturated 
solutions lying to the right of the line A7’ will on evaporation ulti- 
mately dry up at the point F, and solutions on the left of this line 
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will dry up at the point G. In the former case, sufficient magnesium 
chloride hexahydrate will be deposited during the course of the 
evaporation to keep the final composition of the solution at the 
point F, and in the latter case all magnesium chloride hexahydrate 
deposited during the first part of the crystallisation will be 
redissolved owing to the phase reaction which occurs at the point 
F, where the separation of tachhydrite begins. If the magnesium 
chloride hexahydrate is removed as fast as it is deposited, then all 
unsaturated solutions on evaporation will finally dry up at the point 
G. An unsaturated solution lying in the area between AT’ and AF 
cannot deposit sufficient magnesium chloride hexahydrate during the 
evaporation to keep the resulting incongruently saturated invariant 
solution at the point F. This may, however, be done by adding an 
excess of the hexahydrate during the progress of the evaporation. 

The work of van’t Hoff and his collaborators has shown that 
tachhydrite cannot have a stable existence in contact with solution 
in this system at temperatures below 22°, so that an isotherm at 
a somewhat lower temperature than this would be of a type similar 
to that in the system CaCl,KCI-H,O at 25°, showing only one 
invariant point. 

Van’t Hoff, Kenrick, and Dawson (Z. physikal. Chem., 1902, 39, 27) 
found that the transition point CaCl,,6H,O == CaCl,,4H,O (29-2°) 
is lowered to about 25° in the presence of tachhydrite. Consequently, 
at temperatures just above 25°, a very small additional field, namely, 
that of CaCl,,4H,O, should appear. The present work, which was 
carried out at 25-1° + 0-05°, neither disproves nor confirms the 
exact temperature at which calcium chloride tetrahydrate makes its 
appearance in this system; to establish this point by solubility 
measurements it would be desirable to obtain data at temperatures 
both appreciably above and below 25°. 

Density Determinations —The densities of the various saturated 
solutions occurring in this system are complex functions of the 
composition. The equilibria may consequently be shown graphic- 
ally by plotting the density against the ratio CaCl,/MgCl,, since 
this ratio uniquely determines the composition of the various 
saturated solutions. The data are given in Table II. The density 
becomes a maximum when the solution is simultaneously saturated 
with tachhydrite and hydrated calcium chloride. 

Practical Details —Blasdale’s oxalate process for the separation 
of calcium from magnesium (J. Amer. Chem. Soc., 1909, 31, 917) 
was adopted in the investigation of the system CaCl,-MgCl,—H,0. 
The precipitated calcium oxalate after washing was titrated in 
hydrochloric acid solution in presence of a little manganous chloride 
according to the method of Peters (loc. cit.). Chlorine was estimated 
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by titration against silver nitrate, and occasionally tests for 
magnesium were made by treating the filtrate from the calcium 
estimation with disodium hydrogen phosphate. 


III. The System MgCl,-KCl-H,0. 


Although the two invariant points in this system have been 
determined at different temperatures by several investigators 
with results in good agreement, the same cannot be said in the case 
of the investigation of the exact form of the isothermal saturation 
curves. Uhlig (Centr. Min., 1913, 417) has arrived at the con. 
clusion that van’t Hoff’s two invariant points at 25° are slightly 


Fia. 4. 


M,CL, 


incorrect. Precht and Wittgen (Ber., 1881, 14, 1667) made a series 
of determinations of the solubility of potassium chloride in 11, 15, 
21-2, and 30 per cent. solutions of magnesium chloride which also 
contained some sodium chloride. Their determinations were carried 
out at intervals of 10° between 0° and 100°. These investigators 
were unaware of the fact that in the case of the 30 per cent. 
solution of magnesium chloride, carnallite could exist as a solid 
phase. Van’t Hoff and Meyerhoffer (Z. physikal. Chem., 1899, 30, 
84), in determining the composition of the two invariant solutions 
at a series of temperatures, pointed out that at all temperatures 
other than 10° at which these points were determined their values 
appear to lie on curves corresponding to a lower potassium chloride 
content than those of Precht and Wittgen. Feit and Przibylla (Z. 
Kali, 1909, 3, 393) give more recent data on the solubility of 
potassium chloride in solutions of magnesium chloride which also 
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contained sodium chloride, their results being expressed as volume 
percentages. No complete investigation of this ternary isotherm 
(sodium chloride absent) appears to have been published. 

In the present work, two points on the potassium chloride satura. § 
tion curve (sodium chloride being absent) at 25° were determined, 
These new points help to fix the form of the potassium chloride 
saturation surface in the solid model for the quaternary system 
CaCl,-MgCl,-KCI-H,O at 25°, and also suffice for the quantitative 
application of the diagram to the case of the splitting of carnallite, 
They have a slightly lower content of potassium chloride than the 
corresponding points on a curve, giving interpolated values of the 
results of Precht and Wittgen (loc. cit.), and agree more closely with 
the prediction of van’t Hoff and Meyerhoffer. 

A determination of the solubility of magnesium chloride at 25-1° 
gave a result rather lower than that of van’t Hoff (op. cit., I, p. 17), 
but agreeing closely with that of Biltz and Marcus (Z. anorg. Chem., 
1911, 71, 187) for 25°. The solubility of pure potassium chloride 
was determined at 25-1°, giving as the result 26-74 per cent., in 
good agreement with the values of Armstrong and Eyre (Proc. Roy. 
Soc., 1911, [A], 84, 123; 1913, [A], 88, 234—26-73 and 26-89 per 
cent.) for a temperature of 25° and with that given by Reinders 
(Z. anorg. Chem., 1915, 93, 202—26-46 per cent. at 25°). . The 
solubility and the density of the saturated solution of potassium 
chloride were in close agreement with the values interpolated from 
the results of Berkeley (Phil. Trans., 1904, 203, [A], 189. The 
density (DZ) of a saturated solution of magnesium chloride 
was found to be 1-341 (Table III); the addition of magnesium 
chloride to a saturated solution of potassium chloride causes the 
resulting density to increase progressively. 

The curve of Precht and Wittgen does not differ greatly from 
the results obtained in the absence of sodium chloride. 


Summary. 

1. Solubilities in the ternary system CaCl,KCI-H,O at 25° 
have been determined. The diagram given represents in a com- 
plete manner the equilibria in this system. Viscosity and density 
data are also given. 

2. Similarly, the system CaCl,-MgCl,-H,O, in which the double 
salt, tachhydrite, occurs, has also been studied at 25°. 

3. The system KCl-MgCl,-H,O is discussed and new points 
determined which render the data for this system more complete. 


CLARENDON LABORATORY, 
OxrForD. [Received, January 22nd, 1923.] 
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LXXXIV.—Studies of the Glucosides. Part II. 
Arbutin. 


By ALEXANDER KiILLEN Macsetu and JoHN Mackay. 


In a previous paper (Macbeth and Pryde, T., 1922, 121, 1660), it 
was pointed out that the complete study of the constitution of a 
glucoside involves the consideration of three points, namely, (a) 
the identification of the constituent sugar and the determination 
of the group of the non-sugar residue with which it is combined, 
(b) the determination of the configuration of the glucoside, that is, 
whether it belongs to the «- or B-series, and (c) the detection of the 
nature of the internal linking of the component sugar. The ques- 
tion of configuration is conveniently determined by the study of 
enzyme action, emulsin being the specific enzyme for the hydrolysis 
of 8-glucosides. The other points in the study of the glucoside 
are most readily settled by complete methylation of the compound 
and examination of the products obtained on hydrolysis of the 
methylated derivative. Such work was previously carried out in 
the case of indican, and the results obtained in the study of arbutin 
are now recorded. 

Although arbutin was early isolated from natural sources and 
identified as a glucoside (Schiff, Gazzetta, 1881, 11, 99; Michael, 
Ber., 1882, 14, 2097), a considerable amount of doubt regarding its 
constitution existed for some time. Habermann (Monatsh., 1884, 
4,753) asserted that arbutin is a complex glucoside having the 
composition C,,H,,0,,, but others believed that the complexity is 
due to the glucoside occurring in nature as a mixture of true arbutin 
and its monomethy] derivative. The correctness of the latter view 
was established by a study of the molecular weights of samples of 
arbutin from different sources (Bourquelot and Heérissey, Compt. 
rend., 1908, 146, 764), and it was shown that the results obtained 
were nearly in accordance with the value 272, the figure for the 
glucoside of quinol. The glucoside occurs in the leaves of all the 
varieties of pear tree examined (Bourquelot and Fichtenholtz, 
Compt. rend., 1911, 153, 468), and it is also obtained from the leaves 
of the bearberry. The arbutin from the latter source always con- 
tains a quantity of methyl arbutin, the amount varying from 5 to 
40 per cent., the purest samples being obtained from the leaves 
of the Spanish bearberry (Tunmann, Chem. Zentr., 1907, i, 196). 
Various methods of obtaining arbutin free from admixture with its 
methyl derivative have been described (Hérissey, J. Pharm. Chim., 
1910, [vii], 2, 248), but of these Mannich’s treatment alone is found 
to be satisfactory (Arch. Pharm., 1912, 250, 547). 


> See eer sareNRs SS 
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Arbutin is readily hydrolysed by dilute mineral acids and by 
emulsin, the products of the reaction being glucose and quinol, 
The behaviour towards emulsin, coupled with the optical properties 
of the glucoside, indicates that the compound is a derivative of 
8-glucose. The hydrolysis, however, affords no proof of the internal 
linking of the sugar, but this question is settled by the results now 
submitted. The work described in the paper may be outlined in 
the following scheme : 


ARBUTIN 


v 
Pentamethyl arbutin 


KA 
we NN 
Tetramethyl methylglucoside Tetramethyl glucose and 
quinol monomethy] ether 
Tetramethyl glucose 


If the sugar residue in arbutin has the normal butylene-oxide 
structure, the tetramethyl glucose isolated from it should be the 
well-known 2:3:5:6-compound, which is crystalline and may 
be readily identified. If any alternative linking is present in the 
constituent sugar, an isomeric tetramethyl glucose would result, 
from which the structure of the sugar molecule might be deduced. 

The methylation of the glucoside was accomplished by means of 
methyl sulphate and sodium hydroxide. In this way, pentamethy]l 
arbutin was obtained in characteristic, white needles, melting at 
75°5° and showing levorotation in all the solvents examined. 
Pentamethyl arbutin behaves as a normal methylated glucoside, 
and has no reducing action on Fehling’s solution. 

The hydrolysis of pentamethyl arbutin was carried out by the 
action of methyl alcohol containing 1 per cent. of hydrogen chloride. 
This method was adopted in view of the fact that previous work on 
the hydrolysis of methylated glucosides showed that dilute aqueous 
acid is, as a rule, not a suitable reagent, for the hydrolysis is slow 
and, in addition, considerable resinification often takes place (Irvine 
and Rose, T., 1906, 89, 814; Macbeth and Pryde, loc. cit.). The 
method adopted results in the hydrolysis of the glucoside and the 
simultaneous formation of the corresponding methylglucosides 
according to the scheme : 

» Quinol derivatives 
Pentamethyl arbutin — 


~~ _Tetramethyl a- and $-Tetramethyl 
glucose 4 methylglucosides. 


The hydrolysis proceeded normally, and the mixture of tetramethy! 
methylglucosides was submitted to further hydrolysis by the action 
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of an 8 per cent. aqueous solution of hydrochloric acid. A crys- 
talline tetramethyl glucose was isolated from the product of this 
reaction, and was identified as the 2:3:5:6- or butylene-oxide 
compound. From the results recorded it is evident that arbutin is 
derived from a molecule of d-glucose combined with quinol, the 
internal linking of the sugar being of the butylene-oxide type; 
and therefore the following structure is established for the glucoside : 
a 


This structure is further supported by the synthesis of a penta- 
methyl arbutin from quinol monomethyl ether and tetramethyl 
glucose. The condensation was effected by heating equivalent 
amounts of the starting materials in benzene in a sealed tube, and 
the synthetic compound was found to be identical with the penta- 
methyl arbutin prepared from the natural glucoside by methylation. 

The optical properties of the methylated glucosides have a direct 
bearing on the views of sugar structure expressed by Anderson 
(J. Physical Chem., 1916, 20, 269), and a brief reference to the ques- 
tion may not be out of place here. The structures proposed are 
arrived at from the consideration of the relation between the con- 
figuration of the sugars and their specific rotations. A review of 


hyl the optical properties of the sugar-acid lactones shows that in these 
at 9 cases the direction of rotation is apparently determined by the 
od. position of the hydrogen atom and of the hydroxyl group attached 
Je to the y-carbon atom; and, in general, it would appear that the 

’ | sugar-acid lactones which have the ring on the same side of the 
he § structure rotate in the same direction. If sugars have also a 
le. 5-atomic lactone, or butylene-oxide, structure, the relations observed 
o in the case of the acid lactones might be expected; and since such 


considerations are found to lead to contradictory results, Anderson 
proposes a propylene-oxide, or 4-atomic lactone structure, for the 
a-hexoses and pentoses. The ring in sugars which show similar 
specific rotations is on this formulation found to lie on the same 
side of the structure. Anderson further proposes an ethylene-oxide 
linking, or 3-atomic lactone structure, for {$-glucose and other 
é-sugars and their glucosides. He is of opinion that the differ- 
ences observed in the values of the rotations of the «- and §-forms 
of the sugars cannot be satisfactorily accounted for merely by a 
spatial difference of the hydrogen atom and the hydroxyl group 
attached to the terminal carbon atom. This, and the difference in 
stability noted in the case of the «- and $-forms of the sugars, lead 
to the ethylene-oxide formulation of the $-compounds. 

The results obtained in the study of the alkylated glucosides are 
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totally opposed to any such difference in structure in the internal 
linkings of the «- and $-forms of the sugars. Salicin and arbutin 
may be selected as typical cases, and their specific rotations and 
the optical values of their pentamethyl derivatives are given 
below : 


Salicin — 50°3° (in dilute ethyl alcohol). 
Pentamethyl salicin — 52°15° (in methyl alcohol). 
Arbutin — 60°3° (in water). 
Pentamethyl arbutin — 48°2° (in ethyl alcohol). 


From the values given above, it is evident that the methylated 
glucosides exist in the same stereoisomeric form as the parent 
glucosides, all being derivatives of 8-glucose. If an ethylene-oxide 
structure is present in the 8-glucosides, as suggested by Anderson, 
it must also be present in the pentamethyl compounds. On 
hydrolysis of the methylated compounds, no change in the internal 
linking can take place, and since it has been shown that the product 
of hydrolytic action is a methylated glucose of the butylene-oxide 
type, the 3-atomic and 4-atomic lactone structures proposed are 
untenable. 

The assumption of a difference in the internal linking in the 
a- and 8-forms of a sugar is further contradicted by the fact that 
the same tetramethyl glucose is obtained on the hydrolysis of 
tetramethyl methylglucoside, irrespective of the proportions of 
a- and $-forms present in the original glucoside (Purdie and Irvine, 
T., 1904, 85, 1062, and subsequent papers). 


EXPERIMENTAL. 
Isolation of Pure Arbutin from the Natural Glucoside. 


It is well known that the natural glucoside always contains a 
proportion of methyl arbutin, the quantity present depending on 
the source. Hérissey (loc. cit.) outlined a method of treatment 
which he claimed yielded a pure arbutin free from admixture with 
the methyl derivative. On subjecting samples of the natural 
glucoside to this treatment, we found that the product still contained 
a considerable quantity of methyl arbutin, and repetition of the 
process did not give a product free from the methyl derivative. 
Purification is best carried out by the methods proposed by Mannich 
(loc. cit.) either by precipitation of the arbutin as the additive pro- 
duct with hexamethylenetetramine, or by acetylation of the natural 
glucoside and fractional crystallisation of the mixed acetates. A 
product is thus obtained which contains no methoxyl, and has a 
specific rotation in water of [«]\f — 60°5°, for c = 1-213. 
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Methylation of Arbutin. Pentamethyl Arbutin. 


As the ultimate object of the work was to obtain a fully methyl- 
ated arbutin for hydrolysis, it was unnecessary to remove the methyl 
arbutin from the sample of the glucoside examined. This contained 
nearly 20 per cent. of methyl arbutin, and was subjected to methyl- 
ation by methyl sulphate in the usual way. During methylation, 
the mixture was maintained at 30—35° and stirred vigorously. 
After the addition of the reagents was complete, the temperature 
was raised to 100° and maintained there for upwards of half an 
hour. On cooling the reaction mixture, part of the methylated 
arbutin was precipitated, methylation of the phenolic hydroxyl 
group having greatly decreased the solubility of the glucoside in 


se aqueous alkaline media. After methylation, a stream of carbon 
= dioxide gas was passed through the cold reaction mixture for two 
“il hours, and most of the alkali then precipitated as sodium carbonate 
loss by adding an excess of 95 per cent. alcohol and passing carbon dioxide 
ide for another hour. After standing for some time, the sodium car- 
a bonate was filtered and washed well with alcohol, the filtrates were 
neutralised with dilute sulphuric acid, and the liquid was distilled 

nm off under reduced pressure, a little barium carbonate being present 
a to ensure neutrality. The residue, after drying in a vacuum, was 
of treated with cold chloroform to extract the methylated product. 
of A further quantity of the methylated arbutin was obtained by 
ie extracting the dry sodium carbonate residues with the same solvent. 
* § After removal of the greater part of the chloroform by distillation, 
the residue was heated under reduced pressure for some time, and 

the syrup so obtained extracted with ether. On removal of the 

latter solvent, a faintly brown syrup was obtained which crystallised 

after a time. Yield 19°5 grams. The product consisted of arbutin 

a § methylated beyond the trimethyl stage [Found: OMe = 32°5. 


C,2H,30,(O0Me), requires OMe = 29:0; C,H .0,(OMe), requires 
OMe = 37°8 per cent.]. The product was still levorotatory, but 
the value was lower than that of arbutin itself. In chloroform, 
[a]? — 54°59°, for c = 1°85. 

The syrup was subjected to a further methylation, the method 
of treatment and extraction being similar to that already described. 
In this way a syrup was obtained which solidified on the removal 
of the last traces of solvent. After crystallisation from dilute 
alcohol, the substance was obtained as feathery needles, of a faint 
brown colour. Methylation had now practically reached the 
pentamethyl stage [Found: OMe = 43°3. C,,H,,0,(OMe); 
requires OMe = 45°32 per cent.]. Yield 18 grams. 

After four crystallisations from dilute alcohol, the product was 
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obtained as white, feathery needles, melting at 75°5°. The com. 
pound was still levorotatory, the value in chloroform being 
[a]iy — 40° (c = 1°556). 

On account of the low Zeisel result obtained with the above 
material, and in order to ascertain if the substance was fully 
methylated, 9 grams of the product were subjected to the methyla- 
ting action of methyl iodide and freshly prepared silver oxide, 
No extraneous solvent was required in the reaction, as the methy)- 
ated arbutin was soluble in the methyl iodide. After methylation, 
the methyl iodide was distilled off, and the residue treated with 
chloroform in a Soxhlet extractor. On removal of the chloroform, 
the product was subjected to another methylation, and the chloro. 
form solution was in this case decolorised by the addition of a little 
vegetable charcoal (norit) during extraction. After filtration and 
removal of the solvent, 8°5 grams of methylated product were 
obtained, which crystallised from aqueous alcohol in characteristic, 
white, feathery needles melting at 75°5°. Analysis shows that the 
substance is pentamethyl arbutin, and the silver oxide methylation 
has had no appreciable effect on the product obtained after two 
methylations with methyl sulphate [Found : C = 59°69; H = 7°76; 
OMe = 44°5. C,.H,,0.(OMe); requires C = 59°65; H=7‘6; 
OMe = 45°32 per cent. ]. 


Pentamethyl arbutin is very soluble in acetone or ether, easily 
soluble in alcohol, chloroform, or benzene, and difficultly soluble in 
cold water. It crystallises from dilute alcohol without water of 
crystallisation, and is levorotatory in all the solvents examined (in 
acetone, [a] —43:2° for ¢ =1'736; in ethyl alcohol, [a] 
— 482° for c = 2°112; in chloroform, [«]i* — 41° for c = 1°610). 


Synthesis of Pentamethyl Arbutin. 


Additional support for the view that arbutin is derived from the 
butylene-oxide type of glucose is furnished by the synthesis of a 
pentamethyl arbutin identical with that obtained by methylation 
of the-natural glucoside. A 6 per cent. solution of tetramethyl 
glucose in dry benzene, containing about 0°25 per cent. of hydrogen 
chloride, was heated with the equivalent quantity of quinol mono- 
methyl ether in a sealed tube for twenty-seven hours at 110°, a 
little anhydrous sodium sulphate being present. When cold, 
the reaction mixture was neutralised with silver carbonate and, 
after filtration, the benzene distilled off under reduced pressure, 
the last traces being removed by the successive addition and 
removal under reduced pressure of absolute alcohol. The brown, 
non-reducing syrup thus obtained was treated with water to remove 
any octamethylglucosido-glucosides formed during the reaction. 
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The residual oil consisted of a mixture of unchanged quinol mono- 
methyl ether and pentamethyl arbutin. The methylated glucoside 
was best isolated by shaking the oil with a dilute solution of sodium 
hydroxide and ether. The ethereal extract was separated, the 
ether evaporated, the residue dissolved in a little boiling alcohol, 
and hot water added until a cloudiness just appeared. Crystallis- 
ation set in on cooling and pentamethy! arbutin was obtained in the 
form of the characteristic needles. It was contaminated with a brown 
impurity, but after four crystallisations from aqueous alcohol it was 
obtained in beautiful, white needles, identical with those derived 
from the natural glucoside by methylation. The synthetic substance 
melts at 75°5°, alone or mixed with a specimen of the compound 
prepared by methylation. It has [«]j’— 41° in chloroform 
(c= 1-712). Yield, 10 per cent. of the theoretical amount. 


Simultaneous Hydrolysis and Condensation of Pentamethyl Arbutin. 


The hydrolysis of pentamethyl arbutin was accomplished by 
the action of a methyl-alcoholic solution of hydrogen chloride, and 
the component sugar of the glucoside isolated from the product of 
reaction as the tetramethyl methylglucoside. Four grams of 
pentamethyl arbutin, prepared by methylation of the glucoside 
as already described, were dissolved in 60 c.c. of dry methyl alcohol 
containing 1 per cent. of hydrogen chloride, and the solution was 
heated in a sealed tube for twenty-four hours. The temperature 
was kept at 80° for the first twelve hours and was then gradually 
raised to 120° and maintained at the latter temperature for a further 
twelve hours. The reaction mixture, which was somewhat coloured, 
was neutralised with silver carbonate, and the alcohol removed 
under reduced pressure. The aqueous extract of the residual syrup 
was boiled with a little vegetable charcoal and filtered, the solvent 
removed, and the residual syrup dried by successively adding and 
distilling off small quantities of alcohol. The syrup was finally 
extracted with ether and the extract dried with anhydrous sodium 
sulphate. The residue obtained after filtering and removal of 
the solvent was distilled, and 2°3 grams of a pale yellow syrup, 
b. p. 105—110°/0'2 mm., were collected (Found: OMe = 58. 
Tetramethyl methylglucoside requires OMe = 62 per cent.). 

The methoxyl content shows that the product consisted mainly of 
tetramethyl methylglucoside, but some tetramethyl glucose which 
had escaped glucoside formation was also present. The conversion 
into the glucoside was completed by subjecting the product to 
methylation by methyl iodide and silver oxide, and after isolating 
the product in the usual way a practically colourless syrup was 
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obtained on distillation (Found : OMe = 60°9 per cent.). Conversion 
into the glucoside was therefore complete. 

A further quantity of pentamethyl arbutin was hydrolysed by 
dissolving 7 grams of the methylated glucoside in 140 c.c. of dry 
methyl alcohol containing 1 per cent. of hydrogen chloride. 4 
little vegetable charcoal was present to prevent the development 
of colour. The levorotation of the solution gradually decreased 
and after five hours the solution (1-dem. tube) showed « = + 4:2° 
which remained constant on further heating under reflux for an hour, 
After neutralisation, a syrup was isolated as described in the 
preceding case. It consisted mainly of tetramethyl methylglucoside 
and distilled at 108—110°/1°2 mm. Yield 3°5 grams. No further 
methylation was carried out in this case, and the product was 
submitted to further hydrolysis forthwith. 


Hydrolysis of Tetramethyl Methylglucoside. 


The two specimens of tetramethyl methylglucoside obtained in the 
above hydrolyses were submitted to the action of aqueous 8 per 
cent. hydrochloric acid in different experiments, and tetramethyl 
glucose of the butylene-oxide type was isolated in both cases 
(compare Macbeth and Pryde, loc. cit.). 

After one crystallisation from light petroleum, the sugar melted 
at 82°, and subsequent recrystallisation raised the melting point to 
94°, the change of melting point being characteristic of tetramethyl 
glucose. The tetramethyl glucose showed the customary muta- 
rotation in water, the values observed being + 91°-> + 83°4°, which 
are in good agreement with those established for the compound. 

It is therefore evident that the sugar resulting from pentamethyl 
arbutin is tetramethyl glucose of the butylene-oxide type, and it 
follows that in the parent glucoside the component sugar possesses 
a linking of this type. 


We wish to express our thanks to Principal Irvine for the interest 
he has taken in this work throughout, and to the Carnegie Trust for 
a scholarship which enabled one of us to participate in the research. 
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LXXXV.—Co-ordination Compounds and the 
Atom. 


By Nevin Vincent SIDGWICK. 


Some ten years ago Werner * succeeded in resolving certain of his 
co-ordinated compounds into their optically active components, 
and thereby definitely established the truth of his view of their 
sixfold structure. Since then, structural chemistry has been in the 
unsatisfactory condition of having two incompatible theories, 
that of the organic chemist, and that of Werner, each quite competent 
to explain the relations of its own group of substances, but neither 
capable of being extended with any success to cover the whole 
feld. It was obvious that it must ultimately become possible to 
apply one set of principles to the elucidation of the structure of 
both classes of compounds; and the object of this paper is to show 
that with the help of Bohr’s ¢ recently published theory of atomic 
structure this can now be done. 

Werner applies his doctrine very widely; but if we limit ourselves 
to those co-ordinated compounds whose structures in solution have 
been determined by the observation of optical activity, geometrical 
isomerism, or ionisation (or all three), we cannot doubt the correct- 
ness of his conclusions. The peculiarities of these substances are of 
two kinds. There is first the peculiar co-ordination number, which 
determines the number of groups attached to the central atom of 
the complex: this is most commonly 6, but sometimes 4, and 
other numbers are also suggested. We may confine our attention 
for the moment to those in which it is 6: a fourfold structure is 
already familiar to us among organic compounds. The second 
point is the constitution of this sixfold complex, which seems 
to defy the laws of valency, since one univalent radicle can replace 
a whole molecule of water or ammonia without disturbing the 
structure. 

To explain the first point, the sixfold structure, we must consider 
in outline Bohr’s theory as to the relation of the groups in the 
periodic table. Bohr regards the electrons as rotating round the 
nucleus in orbits whose shapes are determined by the laws of 
ordinary dynamics, but subject to the quantum restriction, which 
makes a certain set of orbits alone possible. Each orbit is defined 
by two quantum numbers, the meaning of which may be roughly 


* “Neuere Anschauungen auf dem Gebiete der anorganischen Chemie,” 
1913. The reference throughout this paper is to this book: more detailed 
references seem unnecessary. 

+ “The Theory of Spectra and Atomic Constitution,” 1922. 
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expressed by saying that, so far as we can regard the orbit as ay 
ellipse, the first number represents its major axis, and the second 
its latus rectum; so that if they are equal the orbit is circular, 
and the more they differ, the greater its eccentricity. The arrange. 
ment of the orbits in an atom is arrived at by means of Bohr’s 
correspondence principle, resting on a mathematical analysis of 
possible orbits, and is largely supported by the evidence of the 
optical spectra.* The arrangements in different atoms differ in 
stability. Chemical combination depends solely on the possibility 
of increasing this stability by a rearrangement of the orbits through 
the co-operation of two or more atoms. In the inert gases we have 
electronic systems of such symmetry that their stability cannot 
be thus increased : hence the inactivity of these gases. The effect 
of chemical combination is to approach this symmetry, either by 
the “‘sharing”’ of electrons so that they count for both atoms 
(non-polar linkage, covalency) or through an electron passing 
over from one atom to the other (polar linkage, electrovalency). 
The atomic numbers of the inert gases tell us the size of the 
successive groups of electrons which lead to structures of maximum 
stability. The position of these groups in the Bohr atom differs 
from that assumed by Lewis and Langmuir in that the larger groups 
are not on the outside but in the middle. The number of electrons 


in each type of orbit in the inert gases is given by Bohr in the 
following table : 


! | iia 1 ie ae oe Se ee ee ae ee ee 


bo bo bo bo to bo 


The development of these groups takes place in three different 
ways. ‘There is first that of an 8-group: this is illustrated by the 
first short period of the periodic table; it has a double fourfold 
symmetry: from Li 3 to C 6 we have four orbits of 2,, followed 
(N 7 to Ne 10) by four of 2,. This method of growth repeats itseli 
in the second short period (Na 11 to A 18): in the second half of 
each of the two long periods (Cu 29 to Kr 36, and Ag 47 to Xe 54), 
and finally in the last quarter of the fifth period (Au 79 to Ni 86). 
A second form of development occurs in the first half of the two 
long periods, or rather just after their beginning (Sc 21 to Ni 28, 
and Y 39 to Pd 46), and in the third quarter of the fifth period, 


* It is also entirely confirmed by the X-ray spectra (Bohr and Coster, 
Z. Physik, 1923, 12, 342). 
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from about Lu 71 to Pt 78. In each of these there are in the outer 
group of electrons two sub-groups of 4 developing into 3 of 6; this 
involves 10 elements instead of 8, and so the single inert gas is 
replaced by one of the three triads of Mendelécff’s eighth group. 
(The rare-earth group, with which we are not concerned, is due to 
the development of 3 sub-groups of 6 into 4 of 8, giving 14 rare- 
earth metals.) 

Thus, in carbon and nitrogen and their analogues, we are dealing 
with atoms which have a group of 4 valency electrons already 
established, and which seek to complete their symmetry by forming 
asecond group of 4, asin the inert gases. ‘This they do by “sharing ” 
electrons with other atoms, carbon, for instance, forming methane, 
and thus completing their “octets.” How this sharing is accom- 
plished we do not know for certain; but since Prof. Nicholson has 
found that it is only possible to derive the spectrum of molecular 
hydrogen on the supposition that each electron encircles both 
nuclei, we may reasonably assume that in methane the electron 
of each hydrogen atom goes round the carbon nucleus as well, 
giving the same kind of stable arrangement of 8 orbits that we 
find in neon. Moreover, as Bohr has shown that the planes of the 
four orbits in carbon are parallel to the faces of a tetrahedron, the 
tetrahedral symmetry is attained which the stereochemistry of 
carbon requires. 

In those parts of the table where the outermost group of electrons 
is building up sub-groups of 6 and not of 4, we may expect quite 
different relations. The elements in these neighbourhoods have 
very remarkable properties. They all form metallic ions with 
variable valency, with marked colours, and with pronounced para- 
magnetic power; and they are elements of high catalytic activity. 
Now it is precisely to these groups that all the well-established 
co-ordinated compounds (with the number 6) of Werner belong 
(Cr, Fe, Co, Ni: Rh: Os, Ir, Pt). The exact disposition of the 
orbits is here uncertain, and their stability is less than that of the 
fourfold groups, as is shown most conspicuously by the fact that 
nickel, palladium, and platinum are not inert gases. But it is 
clear that as when the valency orbits are arranged in fours fourfold 
structure develops in the molecule, so when they are in sixes sixfold 
structure should be exhibited. In fact the familiar “ octet ” theory 
does not apply to the elements in these neighbourhoods: the 
octet is replaced by a group of 12 shared electrons, which is expressed 
by the Werner co-ordination number of 6: and the stereochemical 
results show that these 6 groups of atoms are arranged at the 
angular points of an octahedron. 


The number 6 is thus explained. The second peculiarity of 
cc2 
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these co-ordinated compounds, the apparent equivalence of uni. 
valent radicles and molecules of ammonia or water, as well as their 
behaviour on ionisation, can easily be accounted for on the ordinary 
principles of structural chemistry. It is well known, and the point 
has been emphasised by Langmuir, that the valency of the atoms 
in the three periodic groups following that of carbon is increased 
by one when they become positively charged (that of the three 
groups preceding carbon increases in the same way by one when 
they become negatively charged). Thus the neutral nitrogen atom 
has 5 valency electrons; if it combines with three hydrogen atoms, 
its octet is made up and it is in a sense saturated. A nitrogen 
atom which has expelled an electron (and thus acquired a positive 
charge) has 4 valency electrons, and closely resembles the neutral 
carbon. It can now take up 4 univalent groups to form an ammonium 
ion. In the same way, while the neutral oxygen atom is bivalent, 
positively charged oxygen can form three non-polar linkages, 
giving an oxonium-ion. Now if we take one of Werner’s series, 
such as the platinic, we find at one end a compound, [PtCl,]K,, 
with a bivalent anion. The chlorine atoms can be replaced one 
by one by ammonia (or water) groups. Every such replacement 
reduces the negative charge on the group by one unit, so that 
[Pt(NH,),Cl,] is a neutral, non-ionised molecule. Further replace- 
ments give the group an increasing positive charge, until finally 
we arrive at [Pt(NH,),|Cl,, where the complex ion has 4 positive 
charges. This is just what the structural theory requires. The 
6 groups in the bracket (whether Cl or NH,) are all attached by 
single non-polar linkages to the platinum. The nitrogen is thus 
quadrivalent, being, in fact, a substituted ammonium, with all 
the rest of the complex as the substituent. In order to assume 
this form, it must expel an electron, and thus every time a chlorine 
atom is replaced by NH,, the complex gains one positive charge. 
This reaction is already familiar in organic chemistry; for example, 


+ 

| H>c<G | a | H>C<Na, | Cl. The same thing happens with 
water, which requires to lose an electron in order to form a new non- 
polar linkage. The equivalence of the radicles and the whole mole- 
cules is thus only apparent. They both have the same relation 
(a single link) to the central atom; but one can only replace the 
other if a corresponding change takes place in the charge on the 
complex ; and this change is found experimentally to occur.* 

We can therefore determine the effective valency of the central 


* Since this was written, I find that Ramsay gave a very similar explanation 
of this replacement in his Presidential Address in 1908 ('I'., 98, 785). 
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atom—that is, the number of electronic orbits which it gains from 
the attached groups—in the following way. Every NH, or H,O 
will contribute two electrons, one for the linkage, and one extra to 
make the nitrogen or oxygen quadri- or ter-valent. Each Cl or 
other univalent radicle will add one, for the linkage. Each (uni- 
valent) kation outside the bracket will also add one, whilst for 
every anion one must be subtracted. (Extensions of these principles 
are obvious: CO, or C,0,= +2, NH,°CH,°CH,-NH, = + 4, 
etc.) In this way, for every co-ordinated compound the ionisation 
of which is established, we can arrive at a number expressing the 
effective valency of the central atom. One or two examples may be 
quoted : 
[Co-NO,(NH3); |Cl, é = 
[Pt-NH,°Cl, ]K 
[Pt(NH,),Cl]Cl 
[CrCl, en ,]Cl 
[Dip,Fe]Cl, 
(en = NH,°CH,°CH,*-NH,: Dip = dipyridyl.) 


If this method is applied to all the co-ordinated compounds of 
ascertained structure, we get consistent values for each series, 
which are given in the table below. To obtain from these the actual 
number of valency electrons, or electrons in the two highest quantum 
groups, in the saturated atom, we subtract from the atomic number 
the number of electrons in the lower quantum groups (for the Fe 
series 2 + 8, for the Pd series 2 + 8 + 18, for the Pt series 2 + 8 + 
18 + 32) and add to the difference the valency number calculated 
from the compound. The results are given in the following table, 
the compounds with a co-ordination number of 6 being separated 
from those of 4. The first column gives the number of electrons 
in the two highest groups of the isolated atom, the second the 
effective valency of the compounds, and the third the sum. Doubt- 
ful values are enclosed in brackets. 


Co-ordination Number 4. 

Rh 17 9 26 16 (10 26) 
26 17 9 26 
26 18 8 26 
28) 

Co-ordination Number 6. 


24) Pad 18 6 24 Pt 18 6 24 
Au 19 5 24 


The following list gives some of the very numerous compounds 
from which the values in this table are obtained (R = kation, 


X = anion, Py = pyridine) : 
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Co-ordination number 6: [Cr-Cl,ren,]X, [Creens]X;, 
[Cr-OH-H,O-en,]X9, [Fe-Dip,]X3, [Fe(CH3*NC),]X», [Co(NO,),(NH,),], 
[Co-NO,°C,0,(NH3)3], [Co*Cl‘NHg’en,]X,, [Niveng]X,, [Ni(NH3),]X,, 
[Rh-en,]X3, [Rh(C,0,),/Rz, [Rh*H,O(NH3),]X3, [Os°O,(NO,),]R,, 
[Ir-OH-H,O(C, 0,4). |R, [Ir(OH) (C204). ]R3, [Pt(NHg)¢]Cl,, [PtCl,]R,. 

Co-ordination number 4: [Ni-en,]X,, [Pd(NH3),]X,, [PdCl,]R,, 
[Pt(NH5),Cl,], [Pt(NH,)Py.]X., [AuCl,]R. 

With the exception of chromium (and possibly nickel, where, 
however, the number of compounds available is small) the agree. 
ment is remarkable; and it is to be noticed that 26 is the number 
of electrons (3 sub-groups of 6 and 2 of 4) which we find in the next 
higher inert gas, just as in methane the carbon atom has the same 
number of electrons as neon; the disposition of the attached groups 
is, however, governed by the structure of the 6 sub-groups, and not 
by that of the 4. 

The compounds of co-ordination number 4 (which do not seem 
to be formed before the third member of the triad is reached) have 
uniformly two electrons less than this. In the case of platinum, 
Werner has shown that these 4 atomic groups are not arranged as 
in carbon, but in a plane, since compounds of the type PtA,B, 
occur in two geometrically isomeric forms. [The same relations 
were found by Vernon (T., 1920, 117, 86, 889) to hold with tellurium, 
in compounds of the type Te(CH,),I,.] This suggests that the 
octahedral symmetry is still maintained, the two groups at the end 
of a diagonal being absent. 

The results given above represent the most thoroughly investigated 
of the co-ordinated compounds of these metals. Among the less 
well-known, many other types will be found, and in view of the 
changing valency of the simple metallic ions this is to be expected. 
In particular, the complex cyanides show quite a different kind of 
regularity, the types R.XCy, and R,XCy, prevailing, irrespective 
of the atomic number of X; this makes it probable that in these 
cases the number 6 is due to some wholly different cause, such as 
the formation of tricyanogen rings. But the evidence adduced is 
enough to show that the structure of those compounds for which 
Werner’s doctrine of sixfold symmetry is most fully established can 
be explained, with the help of Bohr’s theory, on the principles 
which have proved so successful in organic chemistry. 


Dyson PERRINS LABORATORY, 
OxrFrorp. [Received, February 15th, 1923.] 
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LXXXVI.—The Hydrogen Sulphates of the Alkali 
Metals and Ammonium. 


By Horace Barratt DUNNICLIFF. 


Ir has been stated (Butler and Dunnicliff, T., 1920, 117, 649) that 
potassium hydrogen sulphate is unaffected when shaken with dry 
alcohol but that, when similarly treated, sodium hydrogen sulphate 
yields an intermediate sulphate having the composition Na,H(SO,)o. 
Dry alcohol also reacts with ammonium hydrogen sulphate, yielding 
the corresponding sulphate, (NH,),;H(SO,), (Dunnicliff, this vol., 
p. 476). Both these intermediate sulphates have been previously 
reported as phases in ternary systems, M,SO,-H,SO,-H,0 (M = Na, 
Pascal and Ero, Bull. Soc. chim., 1919, 39, 1534; and M = NH,, 
van Dorp, Z. physikal. Chem., 1910, 73, 284; see also D’Ans, Z. 
anorg. Chem., 1913, 80, 235). 

Potassium hydrogen sulphate, trisodium hydrogen disulphate, 
and triammonium hydrogen disulphate all show a small fall in 
acidity when treated with dry alcohol. In the cases of the first 
two substances, this was ascribed to the presence of traces of water 
in the alcohol (T., 1920, 117, 654). Further observations indicate 
that this view requires revision for the following reasons. 

(1) Most carefully dried alcohol in which no test for water can 
be obtained acts on the three substances with a small but appre- 
ciable diminution of acidity. Hence, in order to free M,H(SQ,),, 
obtained by the action of dry alcohol upon MHSO,, from acid, the 
product has to be washed with an inactive substance, ether, and 
not with alcohol. 

(2) Dilute alcoholic sulphuric acids (less than 4 per cent.), pro- 
duced by the action of alcohol (7 parts) on the hydrogen sulphates 
of potassium, sodium, or ammonium (1 part), do not appreciably 
reduce the acidity of a fresh quantity of potassium hydrogen 
sulphate, trisodium hydrogen disulphate, or triammonium hydrogen 
disulphate, respectively. 

(3) Alcoholic sulphuric acids react with the normal sulphates 
of sodium and ammonium, giving a new solid phase. The nature 
of the chemical action depends on the temperature of the reaction 
and the concentration of the alcoholic sulphuric acid used. 

(4) The solid phase produced by the action of alcohol on sodium 
hydrogen sulphate or ammonium hydrogen sulphate depends on 
the proportions of alcohol to hydrogen sulphate used. 

These observed facts can all be explained if the hydrogen sulphates 
are regarded as composed of two components, M,SO, and H,SQ,. 
When alcohol is added to one of these substances, a ternary system, 
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M,SO,-H,SO,-C,H,0, is developed. The possible solid phases are 
M,SO,,H,SO,; 2M,SO,,yH,SO,: and M,SO,. The systems in 
which M= Na and NH, are under investigation by solubility 
measurements at atmospheric pressure and arbitrarily fixed tem. 
peratures. Results so far obtained indicate that, in the action of 
alcohol on compounds of the type M,SO,,H,SO,, acid is gradually 
and continuously removed from the solid phase, forming a second 
solid phase (or two entirely new solid phases) and a liquid phase 
(alcoholic sulphuric acid *) until a definite concentration of sulphuric 
acid in alcohol, in equilibrium with the two solid phases, is reached. 
In the univariant systems so developed four phases are assembled— 
two solid, one liquid, and one vapour. 

Conversely, when alcoholic sulphuric acids * act on the normal 
or hydrogen sulphates of sodium or ammonium, action takes place 
with the formation of a new solid phase and a similar univariant 
system. 

Hence the reduction of the acidity of potassium hydrogen 
sulphate, trisodium hydrogen disulphate, and _ triammonium 
hydrogen disulphate by the action of dry alcohol appears to be a 
normal reaction and not due to the presence of water as an impurity 
in the alcohol. 

Attempts have been made to isolate other compounds of the 
type M,SO,,H,SO, (Schultz, Pogg. Ann., 1868, 133, 137) in order 
to obtain a generalisation of the action of alcohol upon them. 

Lithium Hydrogen Sulphate (van Dorp, Z. physikal. Chem., 1910, 
73, 289).—Pure lithium sulphate (Found: SO, = 87°50. Calc., 
SO, =: 87:47 per cent.) was made by igniting the monohydrate, 
purified by recrystallisation. Attempts to crystallise the hydrogen 
sulphate from aqueous solutions containing even a large excess of 
sulphuric acid yielded crystals of lithium sulphate monohydrate 
more or less contaminated with sulphuric acid, which was com- 
pletely removed when the powdered crystals were extracted with 
ether. When lithium sulphate was dissolved by heating it with 
excess of sulphuric acid (d 1°6—1°7; Schultz, loc. cit.), crystals 
having the following composition separated on cooling: H,SO, = 
38°71; Li,SO, = 57:02; H,O = 4:27. Theory for LiHSO, requires 
H,SO, = 47°11; Li,SO, = 52°89 per cent. Of a series of samples, 
only one was obtained which gave an acidity (47:00 per cent.) 
corresponding with theory for lithium hydrogen sulphate. In all 
other preparations, the acidity was low. The acid is quanti- 
tatively extracted by alcohol or ether. A dry (ignited) porous 
saucer withdraws acid from the substance. 


* The alcoholic sulphuric acids are always partly esterified, and this intro- 
duces a complication into the investigation, 
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Rubidium Hydrogen Sulphate—Attempts to prepare rubidium 


é si hydrogen sulphate by treating rubidium nitrate with a small 
hilite excess of sulphuric acid, evaporating to dryness, and igniting the 
at residue were unsuccessful. This was due to the fact that it is 


dificult to remove the last traces of acidity from the preparation 


me F by prolonged ignition (compare Browning, Z. anorg. Chem., 1902, 
me 99,140). The normal sulphate was made by evaporating a weighed 


quantity of rubidium nitrate with the calculated amount of sulphuric 
acid and igniting the residue (purity by SO,-estimation = 100°11 


hed 2 cent.). An equivalent quantity of sulphuric acid was added 
‘ = weighed quantity of rubidium sulphate, dissolved in water. 
The solution was evaporated and the residue fused. The product 
‘mal @ ™® powdered in a hot agate mortar (acidity after extraction with 
ether = 26°95. Theory for RbHSO, requires 26°86 per cent.). It 
lace , , ‘ he 
; was not deliquescent. The compound was treated with seven times 
tant BF its weight of pure, dry alcohol and then extracted with ether. 
Acidity of residue = 26°93 per cent. Rubidium hydrogen sulphate 
Ben FE vas also prepared from rubidium chloride and gave similar results. 
um FE Rubidium hydrogen sulphate is not appreciably acted upon by 
’ ® © cither alcohol or ether. 
a Cesium hydrogen sulphate was prepared from the nitrate by a 
the method exactly similar to that described for the rubidium salt. 
hes Purity by SO,-estimation = 100-20 per cent. The salt contained 
a trace of potassium. It was not deliquescent. Acidity of ether- 
10 extracted CsHSO, = 21°55 per cent. (theory for CsHSO, requires 


21:32 per cent.). After treatment with seven times its weight of 
alcohol for eighteen hours and subsequent washing with ether, 
its acidity was 21°36 per cent. Hence, cesium hydrogen sulphate 
is not appreciably attacked by either alcohol or ether. 

Preparations of the hydrogen sulphates of silver, strontium, and 
barium were attempted. Silver sulphate was dissolved in excess 
of hot concentrated sulphuric acid and the crystals which separated 
on cooling were drained in a desiccator. They were then pressed 
on a dried porous saucer. The barium and strontium salts were 
prepared by the same method, but the product was separated by 
centrifugalisation. Both compounds were crystalline. 

Silver Hydrogen Sulphate—Fine crystals, which turned blue on 
exposure to light (Found: H,SO, = 25°20. Calc. for AgHSO,, H,SO, 
= 24°55 per cent.). After the compound had been kept for forty- 
eight hours on a porous saucer, the acidity fell to 12°08 per cent. 
Ether or alcohol extracts all the acid and, in the process, a large 
quantity of ethyl hydrogen sulphate is formed. When no attempt 
is made to protect from light the substance undergoing extraction, 
the residue is black. 


co* 
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Barium Hydrogen Sulphate.—Original acidity = 46°40 per cent. 
BaSO,,2H,SO, requires 45°94 per cent. BaSO,,H,SO, requires 
29°60 per cent. of H,SO,. After the compound had been kept on 
a porous saucer, the following acidities were recorded at intervals : 
30°00; 19°80; 14°61; 12°41 and 8°99 per cent. Ether or alcohol 
extracts all the acid from these compounds. The rapidity of 
extraction is increased by pounding up the substance at intervals. 

Strontium Hydrogen Sulphate—Acidity after isolation and 
pressure on a porous saucer = 34°24 per cent. (SrSO,,H,SO, requires 
26°59 per cent.). Acidities determined on successive days = 24:09; 
15°93; 13°67 per cent. Alcohol or ether gradually extracts all 
the acid from the substance. 

The hydrogen sulphates may be classified under four headings 
according to their behaviour with alcohol and ether. 

(1) Converted into neutral sulphate by alcohol or ether. 

Lithium hydrogen sulphate. Also the hydrogen sulphates of 
silver, strontium, and barium. 

(2) Converted into M,H(SO,), by alcohol (5—7 parts). Unaffected 
by ether. 

Sodium hydrogen sulphate; ammonium hydrogen sulphate. 

(3) Slightly affected by alcohol (7 parts). Unaffected by ether. 

Potassium hydrogen sulphate: trisodium hydrogen disulphate; 
triammonium hydrogen disulphate. 

(4) Not appreciably affected by alcohol or ether. 

Rubidium hydrogen sulphate; cesium hydrogen sulphate. 

The amount of decomposition of the hydrogen sulphates of the 
alkali metals by alcohol decreases with increase in atomic weight 
of the metal. 

The hydrogen sulphates in classes (1) and (2) are deliquescent. 
Those in classes (3) and (4) are not deliquescent. Those hydrogen 
sulphates which are deliquescent are also considerably or completely 
decomposed by alcohol. 

Deliquescence.—If sodium hydrogen sulphate is dissolved in 
water, the first solid phase to separate on evaporation is the normal 
sulphate. An attempt was made to determine the composition of 
the first solid phase obtained when very small quantities of water 
act on sodium hydrogen sulphate. This was done by allowing 
sodium hydrogen sulphate, exposed in thin layers, to deliquesce. 
The action was stopped arbitrarily. The “ deliquesced ” substance 
was first extracted with ether in a Soxhlet apparatus to remove 
water and free sulphuric acid. Ether does not react with the 
sulphates of sodium. The acidity of the solid phase was then 
determined, and the weight of residue on ignition (to discover if 
any water was present). The solid was next treated with dry alcohol 
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md washed with ether, and the acidity of the resultant compound 
determined. The analysis depends on the condition that alcohol 
vil decompose sodium hydrogen sulphate, giving trisodium 
hydrogen disulphate, whilst the latter salt already present will be 
negligibly affected. The results are given below. The temperature 
yas 30° and the vapour pressure 31°51 mm. 


Deliquescence of Sodium Hydrogen Sulphate. 


i. ii. lii. 


ur 
on Water absorbed, calculated as percentage of the 
; sodium hydrogen sulphate used —...........eeeeeee 5-10 6-92 12-42 
3 all Percentage acidity after ether-extraction of the 
substance after deliquescence —.........eeseeeeeeeee 33:36 31:10 28-18 
f Percentage acidity of the residue after treatment 
ings with alcohol and washing with ether ............ 18-50 18-47 18-51 


Theory for Na,H(SO,), requires 18°71 per cent. of H.SO,. 

These figures may indicate that, under these conditions at the time 
the deliquescence was stopped, the solid phases were sodium hydrogen 
sulphate (unchanged) and trisodium hydrogen disulphate, and the 
liquid phase, sulphuric acid and water, with a very small con- 
centration of sodium sulphate. Similar results were obtained for 
ammonium hydrogen sulphate on incomplete deliquescence. 


The Reaction between the Fused Hydrogen Sulphate of Sodiwm and 


of Ammonium and the Normal Sulphates of the Alkali Metals 
and of Ammonium. 

The action of alcohol on a mixture of molecular proportions of 
he sodium sulphate and sodium hydrogen sulphate corresponds with 
ht the removal of sulphuric acid and the formation of trisodium 

hydrogen disulphate from the sodium hydrogen sulphate present. 
t. If the mixture be heated above the temperature of fusion and below 
n the temperature of decomposition of sodium hydrogen sulphate, a 
y product will be obtained which is sparingly attacked by alcohol 

and shows that there has been considerable formation of the com- 
2 pound having the formula Na,H(SO,),. Now if fused sodium 
l hydrogen sulphate combines directly with sodium sulphate, one 
f would hope also to obtain evidence of the direct formation of 
an analogous ‘“ mixed” intermediate sulphate, for example, 


NaR,H(SO,)., stable to alcohol, when the normal sulphate of a 
different alkali metal, R, is heated with fused sodium hydrogen 
sulphate. 

If, on the other hand, sodium hydrogen sulphate be regarded as 
composed of two components, Na,SO, and H,SO,, the examination 
of the reaction which takes place when it is fused in contact with 
the normal sulphate of a different element, R, will involve the 
investigation of the ternary system R,SO,-Na,SO,- H,SO,. In the 


cc*2 
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instance quoted above, there would be a two-component system, 
and the compound Na,H(SO,), or 3Na,SO,,H,SO, would be formed 
by the establishment of equilibrium of the sulphuric acid between 
the sodium sulphate presented as such and the sodium sulphate 
originally present as Na,SO,,H,SO,. (A similar argument applies 
to the corresponding ammonium salts.) 

By examination of the results of fusion of MHSO, (M = Na or 
NH,) with R,SO, (R = Li, NH,, Na, K, Rb, or Cs), the author hoped 
to obtain some insight into the reaction which takes place. 

The following assumptions, based on experimental evidence, arc 
made : 

(1) MHSO, is decomposed by alcohol, giving M,H(SO,)p. 

(2) Fused MHSO, can part with sulphuric acid under suitable 
conditions (vide Note I, p. 738). 

(3) M,;H(SO,).; KHSO,; RbHSO,; CsHSO, are not appreciably 
affected by treatment with dilute alcoholic sulphuric acids, produced 
on treatment of the melt containing excess of MHSO, with alcohol. 

The action is confined to the hydrogen sulphates of sodium and 
ammonium because (1) they have low melting points, (2) they are 
the only two hydrogen sulphates obtainable in a state of purity 
which have also been shown to give a definite product on treatment 
with seven times their weight of alcohol, and (3) the method of 
analysis is not applicable to compounds theoretically producible 
from the hydrogen sulphates of potassium, rubidium, and cesium. 

The reaction may proceed according to four types, a comparison 
of which is facilitated by using the simplest formule and taking 
9 moles of MHSO, to 3 of R,SO,. In practice, excess of MHSO, 
over these proportions was taken. The nature of the reaction 
was determined by comparison of the experimental with the cal- 
culated values for each type and by determination of the composition | 
of the solid phase after alcohol treatment. 


Tyre I.—Alcohol extracts no acid from the powdered melt. 
3R,SO, + IMHSO, = 3[2RHSO, * + M,H(SO,),t], 
after alcohol treatment = 3[2RHSO, + M,H(SO,).]. 
If R = Na or NH,, alcohol removes 2H,SO, from the melt. 
If R = Li, alcohol removes 3H,SO, from the melt. 
Type II.—Alcohol extracts 1 molecule of acid from the powdered melt. 
3R,SO, + 9MHSO, = 3(M,SO, + 2RHSO,) + 3MHSO,, 
after alcohol treatment = 3(M,SO, + 2RHSO,) + M,H(SO,), + 
H,S0,. 
With excess of MHSO,, this could not be realised. A secondary 
action would take place between M,SO, and MHSO, (vide Note 1). 
* The general case would give R,SO,,yH,SQ,. +t Vide Note I. 
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Typr III.—Alcohol extracts 2 molecules of acid from the melt. 
3R,SO, + 9MHSO, = 3R,MH(SO,),. + 6MHSO,, 
after action of alcohol = 3R,MH(SO,), + 2M,H(SO,). + 2H,SO,. 


TyPE IV.—Alcohol extracts 3 molecules of acid from the melt. 
3R,SO, + 9MHSO, = 3R,SO, + 9MHSO,, 
after action of alcohol = 3R,SO, + 3M,H(SO,). + 3H,SO,. 

Dried ammonium hydrogen sulphate of slightly low acidity was 
treated as a mixture of NH,HSO, and (NH,),H(SO,), (this vol., 
p. 478) and the results were calculated accordingly. 

As an example of the procedure, the action of ammonium hydrogen 
sulphate (more than 3 mols.) on rubidium sulphate (1 mol.) will be 
taken. A mixture of the two substances in known proportions 
was heated in a platinum basin at 190° for five minutes. After 
the ammonium hydrogen sulphate had fused, the basin was removed 
and the solidified melt (the loss of weight was negligible) was 
powdered in a hot agate mortar and replaced in the platinum basin. 
It was twice again melted and pulverised and then its acidity 
determined. It was treated with seven times its weight of dry 
alcohol for eighteen hours, and the product washed with ether 
and its acidity determined. This was checked against theory as 
calculated on the weights of the substances taken. A complete 
analysis of the product was often made. The acidities calculated 
for the four types were: Type I, 22°77, Type II, 19°78, Type III, 
1657, Type IV, 13°08 per cent. Experimental value = 22°87 per 
ent. Therefore the type of reaction is No. I and the products of 
reaction RbHSO, and (NH,),H(SO,).. Several preparations were 
made of each kind in which the proportions of MHSO, to R,SO, 
varied. A typical example is given under each head. Ether has 
no action on the powdered melts. 

(1) Li,SO, + NaHSO,. Residual acidity = 15°39 per cent. 
Theory for Type IV = 15°65 per cent. There is no action between 
lithium sulphate and sodium hydrogen sulphate. 

(2) (NH,).SO, + NaHSO,. Results valueless. Ammonium 
wlphate decomposes below the melting point of sodium hydrogen 
sulphate. 

(3) Na,SO, + NaHSO,. Residual acidity = 18°62 per cent. 
Product of reaction, Na,H(SO,),. Vide Note I. 

(4) K,SO, + NaHSO,. Residual acidity = 23°15 per cent. 
Theory for Type I = 24:90 per cent. Results low for potassium 
hydrogen sulphate (Type I), but very high for other types. 
Calculated composition of the product of reaction, 4K,SO,,3H,SO, 
together with Na,H(SO,), (Type I). 

(5) Rb,SO, + NaHSO,. Residual acidity = 20°84 per cent. 
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Theory for Type I = 20°55 percent. Products of reaction, RbHSO, 
and Na,H(SO,)o. 

(6) Cs,SO, + NaHSO,. Residual acidity = 20:29 per cent, 
Theory for Type I = 19°92 per cent. Products of reaction, CsHSO, 
and Na,H(SQ,),. 

(7) Li,SO, + NH,HSO,. Residual acidity = 16°70 per cent. 
Theory for Type IV = 16°72 per cent. There is no action. 

(8) (NH,),SO, + NH,HSO,. Residual acidity = 19°68 per cent. 
Theory for Type I or III = 19°84 per cent. Product of reaction, 
(NH,),H(SO,),. Vide Note I. 

(9) Na,SO, + NH,HSO,. Residual acidity = 19°26 per cent. 
Theory for Type I = 19°46 per cent.; theory for Type III = 19°52 
per cent. Vide Note IT. 

(10) K,SO, + NH,HSO,. Residual acidity = 21:21 per cent. 
Theory for Type I = 25-09 per cent.; theory for Type III = 18°69 
per cent. Calculated composition (Type I) approx. 2K,S0,,H,S0, 
and (NH,),H(SO,).. 

(11) Rb,SO, + NH,HSO,. Residual acidity = 22°87 per cent. 
Theory for Type I = 22°77 percent. Products of reaction, RbHSO, 
and (NH,),H(SO,)s. 

(12) Cs,SO, + NH,HSO,. Residual acidity = 20°87 per cent. 
Theory for Type I = 20°57 per cent. Products of reaction, CsHSO, 
and (NH,),H(SO,),. 

Nott I.—The interaction of the hydrogen sulphates of sodium 
and ammonium with the normal sulphates with the formation of 
either unmixed intermediate sulphates or hydrogen sulphates 
(xR,SO,,yH,SO,) is in conformity with the representation of the 
hydrogen sulphates as composed of two components, M,SOQ, and 
H,SO,, and with the view that the reactions observed involve the 
transfer of sulphuric acid from the hydrogen sulphate to the normal 
sulphate in the establishment of equilibrium. The hydrogen 
sulphate (in excess) is converted into a compound or mixture, 
aM,SO,,bH,SO,, which, with alcohol, gives the intermediate 
sulphate, M,H(SO,).. Hence, it appears that Nos. (2) and (8) are 
of Type I and not of Type III. 

Nore II.—This would suggest that the final products in No. (9) 
are (NH,),H(SO,), and Na,H(SO,), and that the reaction does not 
give any mixed intermediate sulphate (Type ITI). 

Nore III.—There is no evidence of the formation of a “‘ mixed ” 
intermediate sulphate (Type III) in any of the reactions. 
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LXXXVII.—A Direct Synthesis of certain Xanthylium 
Derivatives. 


By Davip Dota Pratt and Rosert RosBinson. 


In the course of experiments on the synthesis of pyrylium salts 
related to the anthocyanidins attempts have been made to condense 
together under the influence of hydrogen chloride at the ordinary 
temperature a reactive phenol, a carboxylic acid or a derivative 
thereof, and a fatty-aromatic ketone. Particularly when the 
phenol employed was phloroglucinol the formation of oxonium 
compounds was frequently observed, but further investigation 
showed that the ketone added did not participate in the reaction 
and that the products were xanthylium salts. A short digression 
from the main course of the investigation has been made in order to 
study this reaction and to determine the conditions most favourable 
for its occurrence. Apparently the only acid which gives satis- 
factory results is formic acid, and this may be applied in the form 
of ester or ortho-ester. The various phenols behave very differently 
and fall into five groups represented by phloroglucinol, orcinol, 
8-naphthol, resorcinol, and m-cresol. When hydrogen chloride is 
passed into a cold solution of phloroglucinol in ethyl formate, 
orange crystals of 1:3:6: 8-tetrahydroxyxanthylium chloride (1) 
will begin to separate in two or three minutes and the yield ultimately 
obtained is almost quantitative. The experiment represents what 
is probably the simplest recorded formation of an oxonium salt 
containing the pyrylium nucleus and is admirably suited for 
purposes of demonstration. Under similar conditions, orcinol 
behaves in an analogous manner, but the reaction is sluggish. In 
this case a satisfactory yield of 3 : 6-dihydroxy-1 : 8-dimethylxanthyl- 
ium chloride (II) is best obtained by leading hydrogen chloride 
through a solution of the dihydric phenol in a mixture of ethyl 
formate and ethyl orthoformate. 


Cl Cl 
0 0 
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8-Naphthol requires ethyl orthoformate alone, and the yield of 
dinaphthapyrylium chloride is not good. The method provides a 
convenient process for the rapid preparation of this salt in small 
quantities. In presence of hydrogen chloride, resorcinol (and 
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pyrogallol) condenses slowly with ethyl formate and rapidly with a 
mixture of ethyl formate and ethyl orthoformate, but the product 
is abnormal and has not yet been completely investigated. It is 
undoubtedly an oxonium salt and dissolves in water, the colour of 
the solution resembling that of the permanganates. Addition of 
sodium acetate precipitates an orange-yellow compound. Only 
traces of oxonium salts were obtained from most phenols, for 
example, from quinol, catechol, phenol, and m-cresol. _ Obviously 
the reaction is of limited application, but it gives very good results 
in the two cases first mentioned, and it is unlikely that these 
examples are unique. 


EXPERIMENTAL. 


1:3:6:8-Tetrahydroxyxanthylium Chloride (Formula I).—A 
moderate stream of hydrogen chloride was passed through a cold 
solution of anhydrous phloroglucinol (5 grams) in ethyl formate 
(30 c.c.) during twenty minutes. The liquid at once assumed a 
clear orange colour and crystallisation of the product commenced 
in two minutes. An equal volume of ether was added and the 
substance then collected, washed with ether, and dried in the air; 
5°7 grams of an orange-yellow powder were obtained. On warming 
with water, an orange-brown solution was produced and there was 
also a small, flocculent precipitate. The addition of a drop of hydro- 
chloric acid gave a clear yellow solution, from which the chloride 
crystallised in microscopic, yellow, rectangular prisms. These did 
not redissolve on heating and were very sparingly soluble in hot 
dilute hydrochloric acid. In more concentrated acid, they dissolved 
readily, and this behaviour probably indicates that a dihydrochloride 
was formed. The salt was crystallised from hot, very dilute 
hydrochloric acid and dried in a vacuum (Found: C = 52°5; 
H=3°9. C,,H,O;Cl,H,O requires C = 52:4; H = 3:7 per cent.). 
On heating, the salt darkens at 100°, probably owing to loss of solvent 
of crystallisation ; it then becomes dark brown at 250°, but does not 
melt or suffer serious decomposition below 330°. The substance 
is insoluble in most organic solvents, but dissolves readily in methyl 
or ethyl alcohol to an orange solution. The solution in alkalis is 
orange-red. The sulphate is a sparingly soluble salt, obtained as 
an orange-red, flocculent precipitate, becoming crystalline on 
boiling, when water is at once added to a solution of the chloride 
in concentrated sulphuric acid. The picrate crystallises from 
dilute solutions in hot ethyl alcohol in yellow needles. From more 
concentrated solutions a red modification separates in addition. 
The yellow needles darken, but do not melt when heated at 330°. 
The ferrichloride having the normal composition could not be 
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obtained. The derivative prepared in the usual manner was 
crystallised from acetic acid. The slender, yellow needles darkened 
at 280°, became almost black at 310°, but did not melt at 330° 
(Found: C = 57:3; H =3°6 per cent.). Another specimen was 
crystallised from ethyl alcohol containing ferric chloride and hydro- 
chloric acid. The microscopic, yellow prisms became black at about 
300°, but did not melt (Found: C = 51:2; H = 3°9 per cent.). 
Both specimens appeared to be homogeneous and contained iron, 
and are probably double compounds of the ferrichloride with the 
acetate and chloride, respectively. 


af 7 > 
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solution of potassium acetate in ethyl alcohol was added to a 
hot filtered solution of tetrahydroxyxanthylium chloride in the 
same solvent. An orange-red precipitate was at once thrown 
down and this was collected, washed with water, and dried at 150°. 
The substance then assumed a deep red colour; it darkened slightly, 
but did not melt at 330° (Found: C = 641; H=3°3. C,,H,0; 
requires C = 63°9; H = 3°3 per cent.). The substance is very 
sparingly soluble in most organic solvents, but dissolves in alcohol to 
a yellow solution exhibiting green fluorescence. It is moderately 
soluble in hot water, and the red solution becomes yellow on the 
addition of a drop of hydrochloric acid; subsequently tetrahydroxy- 
xanthylium chloride will crystallise out in the usual form. The 
formula employed at the head of this section, and also below, to 
represent the constitution of a fluorone requires some explanation. 
Essentially it expresses the phenol-betaine view of the nature of 
these substances and is in accordance with Pfeiffer’s theory of 
betaines (Ber., 1922, 55, [B], 1762). The conception that the 
molecule has a bipolar salt-like character is in harmony with the 
physical and chemical properties of the fluorones, but the subject 
need not be discussed in detail in this place, because experimental 
work is in progress which has a direct bearing on the problem. 

3 : 6-Dihydroxy-1 : 8-dimethylxanthylium Chloride (Formula IT).— 
Orcinol (5 grams) was dissolved in ethyl formate (20 c.c.) and ethyl 
orthoformate (5 c.c.), and a slow stream of hydrogen chloride passed 
through the solution during three-quarters of an hour. The liquid 
became red very quickly and after about five minutes crystal- 
lisation of the product could. be induced by cooling and scratching 
the sides of the containing vessel. After allowing to remain during 
about twelve hours, the separated crystals, which filled the liquid, 
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were collected, washed with ether, and dried in the air (4:7 grams), 
The crude product, an orange-brown powder, is pure enough to be 
utilised in most experiments and is difficult to recrystallise owing to 
its extremely sparing solubility. From a large volume of very dilute 
boiling hydrochloric acid it separates in red prisms exhibiting astriking 
green glance (Found: C=612; H=53. C,;H,;0,Cl,H,0 
requires C = 61'2; H-=51 per cent.). This salt blackens 
at about 280°, but does not melt below 330°. It is readily soluble 
in methyl or ethyl alcohol to red solutions, but is very sparingly 
soluble or insoluble in other organic solvents. Unlike the phloro. 
glucinol derivative just described, it does not appear to form a 
dichloride and does not dissolve in moderately concentrated hydro. 
chloric acid. When the chloride is washed repeatedly on a filter 
with hot dilute sodium acetate solution, it is converted into the 
fluorone described below. 

The chocolate powder was washed with water, dried, and dissolved 
as far as possible in boiling glacial acetic acid. On cooling, the 
filtered red solution deposited needles which in mass are reddish- 
brown and exhibit a fine green reflex, whilst under the microscope 
the individual, transparent crystals are seen to be orange-yellow. 
The substance was collected and dried in a vacuum over sulphuric 
acid (Found: C=644; H=5°6. (C,,H,,0;,H,O requires 
C = 64:2; H= 57 per cent.). This substance is therefore the 
acetate with one molecule of water of crystallisation. On heating, 
it darkens at 290° and appears to melt at 305°. Dihydroxydi- 
methylaanthylium picrate separates in glistening, golden-yellow 
leaflets when aqueous picric acid is added to a solution of the chloride 
in dilute hydrochloric acid. The derivative, which may be crystal- 
lised from alcohol, darkens at 230° and decomposes at 252°. The 
ferrichloride is probably abnormal, like the corresponding phloro- 
glucinol derivative. It crystallises from acetic acid in yellowish- 
brown prisms with intense peacock-blue reflex. When heated at 


330°, it gradually blackens but does not melt. 
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substance is probably identical with the “ homofluorescein ” ob- 
tained by Schwarz (Ber., 1880, 13, 543) by the action of chloroform 
and potassium hydroxide on orcinol, and also with the hydroxy- 
dimethylfluorone which Méhlau and .Koch (Ber., 1894, 27, 2890) 


prepared by the action of aluminium chloride on methylenediorcinol. 
It is most conveniently obtained by the action of hot aqueous sodium 


6-Hydroxy-1 : 8-dimethylfluorone, . — This 
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acetate on dihydroxydimethylxanthylium chloride. The crude 
product was washed with water, dried, and crystallised from glacial 
acetic acid containing sodium acetate. As stated above, the 
substance is sparingly soluble in hot glacial acetic acid and crystal- 
lises as an acetate, but it is much more soluble in presence of sodium 
acetate and separates on cooling as free fluorone. The compound 
has a great tendency to retain mineral matter, and the earlier 
specimens prepared gave, on analysis, results which were about 
5 per cent. too low in carbon. Using pure materials and washing 
the crystals thoroughly with hot water, a pure product was obtained, 
and this was dried at 150° (Found: C = 749; H= 51. C,;H,.0, 
requires C = 75°0; H = 5-0 per cent.). The fluorone crystallises 
in dark red needles which exhibit a green reflex, and on heating it 
darkens at 280°, but does not melt at 330°. It is very sparingly 
soluble in organic solvents, but dissolves to some extent in boiling 
ethyl or isoamyl alcohol and crystallises on cooling the solutions. 
It is also slightly soluble in hot water to a yellow solution. 
Although extremely sparingly solubie in cold water, it imparts a 
vivid green fluorescence to the solution. The smallest visible 
crystal smeared on filter-paper and added to 100 c.c. of water 
produces a remarkably brilliant effect, which only reaches its full 
intensity after some hours owing to the slowness of the process 
of solution. The fluorescence in alcoholic solution is greenish-yellow, 
3 : 6-Dimethoxy-1 : 8-dimethylxanthylium Ferrichloride, 
FeCl, 
0 \ 
MeO’ "OMe 
\Z\/4\Z 
Me Me 

—Dihydroxydimethylxanthylium chloride (2°5 grams), suspended 
in ethyl alcohol (100 c.c.), was gradually treated with a large excess 
of methyl sulphate (50 c.c.) while concentrated aqueous sodium 
hydroxide was added from time to time so as to keep the solution 
alkaline. The reaction product was diluted with water and a 
yellow precipitate separated. This was converted into a ferri- 
chloride by the addition of an excess of ferric chloride dissolved in 
concentrated hydrochloric acid, and the derivative was collected 
and crystallised from acetic acid (yield = 3-0 grams). The 
substance was recrystallised from acetic acid, in which it is some- 
what sparingly soluble, and obtained in orange-yellow, lanceolate 
crystals melting at 221° after darkening at 200° (Found : C = 440; 
H=3°9. C,,H,,0,Cl,Fe requires C = 43°8; H = 3°8 per cent.). 

The substance dissolves in sulphuric acid to a yellow solution 
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exhibiting green fluorescence, and in hot water to a yellow solution 
which gives a straw-coloured precipitate on the addition of sodium 
acetate. 
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series are readily accessible and have been more thoroughly 
investigated than any other oxonium compounds. The long 
series of papers by Fosse from 1901 onwards have brought to 
light many surprising reactions of the related pseudo-base, and a 
complete list of references will be found in Meyer and Jacobson’s 
**Lehrbuch,” 1920, Vol. II, Part III, 771. The substances 
described below have been previously obtained by Fosse, but we 
contribute some new details in regard to them. f§-Naphthol (10 
grams) is dissolved in ethyl orthoformate (15 c.c.), and a slow 
stream of hydrogen chloride passed through the cold solution during 
three hours. The liquid quickly darkens and crystallisation may 
be induced after thirty minutes. After allowing to remain in a 
closed vessel during twelve hours, the dinaphthapyrylium chloride 
is precipitated by the addition of ether, and then collected, washed 
with ether, and dried (2:0 grams). The main product of the reaction 
is 8-naphthyl ethyl ether, and this could be isolated from the filtrate. 
The crude salt is practically pure and on boiling with water gives 
a slightly pink precipitate of bis(dinaphthapyryl) ether, which 
after crystallisation melts at 250°. Dinaphthapyrylium picrate 
separates in glistening needles when a solution of picric acid in 
acetic acid is added to a solution of dinaphthapyrylium chloride 
in the same solvent. This beautiful substance is reddish-crimson 
and has a coppery lustre. It melts at 239°, having lost its metallic 
appearance at 205°. Dinaphthapyrylium ferrichloride is extremely 
sparingly soluble in boiling acetic and formic acids, and can best 
be prepared in a crystalline condition by mixing hot dilute solutions 
of dinaphthapyrylium chloride and ferric chloride in glacial 
acetic acid. It separates in glistening, orange-brown needles 
melting at 288° (Found: C=52-9; H=2-9. ©,,H,,0C1,Fe 
requires C = 52-7; H = 2:7 per cent.). 

The use of derivatives of acids other than formic acid was not 
found to give satisfactory results in syntheses of xanthylium salts. 
When hydrogen chloride was passed into a solution of phloro- 
glucinol in ethyl acetate, an intense yellow colour was developed and 
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a small amount of a yellow oxonium salt separated. This was 
collected and found to crystallise from dilute hydrochloric acid in 
bright yellow balls of needles, and in its reactions it closely resembled 
tetrahydroxyxanthylium chloride, of which it is doubtless the 
9-methyl derivative. The main product was an uncrystallisable 
viscid oil. 

One of us (D.D.P.) desires to express his gratitude to the Carnegie 
Trust for the award of a Scholarship which has enabled him to take 
part in this investigation. 
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LXXXVIII.—A Synthesis of Pyrylium Salis of Antho- 
cyanidin Type. Part II. 


By Davip Doria Pratt and Rospert Roprson. 


In Part I (T., 1922, 121, 1580), a preliminary account was given 
of a method of preparation of certain derivatives of 3-hydroxy- 
pyrylium, which is the characteristic nucleus of the anthocyanidin 
salts derived by hydrolysis of the naturally occurring anthocyanin 
pigments. Some further examples of the application of the process 
are now recorded. The methoxy-compounds related to the ethoxy- 
and phenoxy-derivatives described in the earlier communication 
have been prepared from w-methoxyacetophenone. Magnesium anisyl 
bromide and methoxyacetonitrile yield, ultimately, w : 4-dimethoxy- 
acetophenone (I), and this ketone is readily converted into pyrylium 
salts which are more intensely coloured than those derived from 
w-methoxyacetophenone. By condensation with salicylaldehyde in 
alkaline solution and treatment of the resulting unsaturated ketone 
with hydrogen chloride in ether, the oxonium salt was: produced in 
good yield; the substance was analysed in the form of its ferrichloride 
(II), which crystallises in red needles. 

w : 4-Dimethoxyacetophenone and resorcylaldehyde condense in 
glacial acetic acid solution under the influence of hydrogen chloride 
with formation of 7-hydroxy-3 : 4'-dimethoxy-2-phenylbenzopyrylium 
chloride (III), which crystallises in crimson needles. 
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The introduction of further hydroxyl or alkyloxy-groups into 
the acetophenone component in these syntheses was found to be 
a matter of considerable difficulty. Whereas, as is well known, 
p-bromoanisole reacts readily enough with magnesium with form. 
ation of a normal organo-magnesium derivative, 4-bromoveratrole 
could not be converted into magnesium veratryl bromide. The 
interaction of methoxyacetonitrile and catechol or veratrole in the 
presence of a variety of catalysts yielded only traces of the desired 
products. The condensation of ethoxyacetyl chloride and veratrole 
under the influence of aluminium chloride in carbon disulphide 
solution led to the formation of a substance which should be 
w-ethoxyacetoveratrone (IV), since it gives the expected analytical 
results. But this substance cannot be employed for the preparation 
of pyrylium salts, since it condenses neither with salicylaldehyde in 
alcoholic solution containing potassium hydroxide nor with resorcy]- 
aldehyde under the usual conditions. There is certainly some 
dubiety in regard to the constitution of this compound, but it is 
difficult to suggest an alternative view of its nature. Better results 
in this series were obtained in the following manner. A good yield 
of w-chloroacetovanillone (V) results from the condensation of 
chloroacetyl chloride and veratrole in cold carbon disulphide solu- 
tion in presence of aluminium chloride. The constitution of the 
substance follows from its reduction to acetovanillone, which can 
be effected by treatment with iron and sulphuric acid in alcoholic 
solution. The reaction has been previously studied under more 
drastic conditions which involve complete demethylation of the 
product (Stephen and Weiszmann, T., 1914, 105, 1048). The 
ferrichloride (VI) was obtained from the chloro-ketone by succes- 


MeO’ 


(CO-CH, MeO/ \CO-CH,CI 
MeO. / OEt HO a, 


bs ) (V.) 


sive treatment with potassium acetate in boiling alcoholic solution, 
salicylaldehyde in alcoholic potassium hydroxide, hydrogen chloride 
and hydroferrichloric acid. The first stage is no doubt the produc- 
tion of w-acetoxyacetovanillone, and this may be hydrolysed by 
boiling with an aqueous suspension of barium carbonate to 
w-hydroxyacetovanillone, which has been characterised by its 
dehydrodiphenylhydrazone (VII). By methylation of w-chloro- 
acetovanillone, the known w-chloroacetoveratrone was obtained 
and this was hydrolysed to »-hydroxyacetoveratrone by a method 
similar to that already mentioned. The uncrystallisable oil was 
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then methylated by means of silver oxide and methyl] iodide, and 
the crude w-methoxyacetoveratrone condensed with resorcylaldehyde 
in the usual way. The salt was isolated as ferrichloride (VIII) and 
is of interest because on demethylation it should yield the anthocy- 
anidin corresponding to the flavonol fisetin (IX). In order to render 


MeO/ ‘\C¢N,HPh)-CH:N,HPh H 


(VII.) 


an extended examination of this interesting compound a feasible 
proposition, we are attempting to devise an improved method 
of preparation of w-methoxyacetoveratrone. The specimen of the 
latter substance which we have employed distilled over a small 
range of temperature, but as it could not be crystallised we consider 
that it must contain some impurity. The oil could be completely 
converted into two quite distinct semicarbazones, both of the 
expected formula, C,,H,,0,N,. One of these is undoubtedly the 
semicarbazone of w-methoxyacetoveratrone, and the other may 
be a stereoisomeric semicarbazone of the same ketone. In view, 
however, of the possible conversion of the w-hydroxyacetoveratrone 
into a related a-hydroxyveratrylacetaldehyde in the faintly alkaline 
aqueous solution, a change analogous to that of fructose into 
glucose, it is also conceivable that the second semicarbazone has 
the formula (MeO),C,H,-CH(OMe)-CH:N-NH-CO-NHg. 

The point will be decided subsequently if we are fortunate enough 
to succeed in preparing w-methoxyacetoveratrone by a process 
not depending on methylation of veratroylcarbinol, and in the 
meantime the semicarbazones are designated as veratrylmethoxy- 
acetaldehyde semicarbazones (a) and (b). We had hoped that it 
would be possible to recover the pure ketone from the semicarbazone, 
but this does not appear to be practicable, as hydrolysis under all 
conditions attempted leads to decomposition. As we design to 
prepare ultimately the anthocyanidin corresponding to morin, 
v-hydroxyresacetophenone derivatives have been investigated from 
the point of view of their applicability to the synthesis of pyrylium 
salts. 

w:2:4-Trimethoxyacetophenone (Slater and Stephen, T., 
1920, 117, 314) and resorcylaldehyde yield the salt (X), but in this 
case a considerable amount of a dark crimson by-product is formed. 
A similar substance is the sole product of the condensation of 
resorcylaldehyde and w-methoxyresacetophenone (Slater and 
Stephen, loc. cit., p. 312) in glacial acetic acid solution by means of 
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hydrogen chloride. This substance is crystalline and produced iy 
high yield, but its investigation is not yet completed. 


FeCl, 

7s OMe 
/\/9xC. \A,_Z—\ 

ux) HOP GC HYOH), = HOH \Y)-KoMe «x, 
Oe indian \/\/ OMe 


Comparison of 2-phenylbenzopyrylium salts with corresponding 
substances containing a hydroxy] or an alkyloxy-group in position 3 
shows that the latter are the more intensely coloured. The form. 
ation of colourless pseudo-bases under the appropriate conditions 
first observed by Willstatter and his collaborators with the natural 
pigments, is characteristic of the 3-oxy-substituted pyrylium types. 
This statement applies to salts of true flavylium structure, hydroxy. 
lated in the positions 7 or 4’ so that the formation of a quinhydronoid 
or quinonoid anhydro-colour-base is a possibility. Within these 
limits of comparison, the favourable influence of the attachment of 
oxygen to position 3 on ease of pseudo-base formation is very 
noticeable. 


EXPERIMENTAL. 


w-Methoxyacetophenone, C.H,-CO-CH,-OMe.—This ketone has 
been obtained by a method which is essentially that adopted by 
Sommelet for the preparation of w-ethoxyacetophenone (Ann. Chim., 
1906, 9, 521). An ethereal solution of methoxyacetonitrile (10:4 
grams; Polstorff and Meyer, Ber., 1912, 45, 1911) was gradually 
added with cooling to a solution of magnesium phenyl bromide 
(from 22-9 grams of bromobenzene and 3°5 grams of magnesium in 
150 c.c. of ether). The colourless additive compound separated at 
once and, after allowing to remain during twelve hours, the mixture 
was decomposed by ice-cold water and then by means of cold j 
dilute sulphuric acid. The separated ethereal layer was washed 
with aqueous sodium carbonate and water and dried by anhydrous 
sodium sulphate. After removal of the solvent, the residual oil 
was distilled under reduced pressure. w-Methoxyacetophenone is a 
colourless, mobile oil which boils at 228—230°/760 mm. and 118— 
120°/15 mm. (Found: C = 722; H=66. C,H,,0, requires 
C = 72:0; H = 6°7 per cent.) (n = 1:5416 by the Abbé instrument). 
The substance is readily soluble in most organic solvents and 
condenses with 6-aminopiperonal, on warming in methyl-alcoholic 
solution containing a little potassium hydroxide, to a methoxy- 
methylenedioxyphenylquinoline which exhibits a fine violet fluores- 
cence in dilute acetic acid solution. The semicarbazone crystallises 
from ethyl] alcohol in small, colourless needles melting at 85°. 
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ced in 


3-Methoary-2-phenylbenzopyrylium  Ferrichloride, 
Pp. 


—The condensation of w-methoxyacetophenone and salicylaldehyde 


es was effected exactly as already described in Part I (loc. cit., p. 1580) 
in the case of w-ethoxyacetophenone. Four grams of w-methoxy- 
nding acetophenone yielded 3-5 grams of pure phenyl! 2-hydroxy-$-methoxy- 
‘ion3 @ styryl ketone, HO-C,H,-CH°CBz-OMe, which crystallises from 
‘form. gy methyl alcohol in almost colourless, rectangular prisms melting at 
tions § 155°. The substance is rather sparingly soluble in alcohol and 
tural @ ether and dissolves in dilute alkali to an orange-yellow solution. 
ypes, | This unsaturated ketone (5 grams), dissolved in anhydrous ether 
oxy. § (100 c.c.), was converted into the oxonium ferrichloride by the 
noid @ successive action of hydrogen chloride and ferric chloride dissolved 
hese § in concentrated hydrochloric acid as recorded in the case of the 
it of | ethoxy-analogue (loc. cit.), the yield being 5 grams. The substance 
very crystallises very well from acetic acid in long, golden-yellow, rect- 
angular prisms melting at 118° (Found: C= 445; H=93°'1. 
C,gH,,0,Cl,Fe requires C = 44:3; H = 3-0 per cent.). This salt 
is sparingly soluble in chloroform to an orange-yellow solution and 
has dissolves readily in methyl alcohol to a yellow solution which, on 
F by I the addition of water, gives at first a colourless suspension and then : 
m., # on warming a clear, colourless solution which soon becomes faintly 
10rd yellow. Addition of hydrochloric acid regenerates the oxonium 
ally salt. The ferrichloride is decomposed by water, and the pseudo- 
ide base passes into the colourless solution. The yellow solution in 
aes concentrated sulphuric acid exhibits pale ivy-green fluorescence. 
in 7-Hydroxy-3-methoxy-2-phenylbenzopyrylium Chloride, 
€ 
old | = 
ed HO, \° Ph 
2 ee 


—When a stream of hydrogen chloride was passed through a solu- 
tion of w-methoxyacetophenone (4°5 grams) and 8-resorcylaldehyde 
(4:1 grams) in glacial acetic acid (10 c.c.), orange-red crystals of 
the oxonium salt soon began to separate and, after allowing to 
remain during a few hours, completely filled the liquid. The 
substance was collected, washed with ether, and dried (7-0 grams). 
A further quantity can be recovered from the filtrate by the addition 
of ether or in the form of ferrichloride. The substance was crys- 
tallised from hot dilute hydrochloric acid and obtained in clusters 
of orange-red needles which, after drying in a vacuum over sulphuric 
acid, were found to be anhydrous (Found: C = 66:7; H = 4°7. 
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C,H 3;0,Cl requires C = 66:6; H = 4:5 per cent.). On heating, 
the salt darkens at 190° and decomposes at 202°. It is soluble in 
alcohol and chloroform to yellow and orange-red solutions, respect- 
ively. The yellow solution in concentrated sulphuric acid exhibits 
bright apple-green fluorescence. A carmine precipitate of the colour 
base is produced by the addition of sodium acetate to a moderately 
concentrated solution in dilute hydrochloric acid and when the 
substance is so obtained it shows no tendency to change. If, 
however, an excess of tap-water is added to a little of the finely 
pulverised chloride, a clear, bright carmine solution is obtained and 
this rapidly becomes colourless on the addition of a drop of acetic 
acid, whilst hydrochloric acid regenerates the yellow colour of the 
oxonium salt. With distilled water, the reaction is different, a pale 
yellow solution being produced at once, and this is decolorised in a 
few seconds, the orange-yellow colour being restored by the addition 
of hydrochloric acid. If a drop of neutral calcium chloride solution 
is added to the distilled water, the reaction resembles that of tap- 
water. On warming with sodium acetate or on treatment with 
sodium carbonate or sodium hydroxide in the cold, all forms, 
oxonium salt, pseudo-base, and colour-base, give yellow solutions 
which no doubt contain the corresponding unsaturated ketone. 
The ferrichloride crystallises from acetic acid in red, hexagonal 
prisms which exhibit a green lustre and melt at 143° after softening 
at 134°. At the suggestion of Dr. R. C. Menzies we have examined 
the double thallic chloride, which is obtained as a red precipitate 
when a hydrochloric acid solution of thallic chloride is added to a 
solution of the oxonium chloride. The substance crystallises from 
acetic acid in brick-red needles melting at 144°. The analytical 
results indicate a complex composition, but reference to the litera- 
ture shows that this is the rule rather than the exception among 
thallic compounds (Found: C = 46:0, 45:9; H = 4°8, 4:4; loss 
at 100° = 5-7. 3C,,H,,0,Cl,TICI,,4H,O requires C = 46:1; H = 3:9; 
H,O = 5°8 per cent.). The substance, dried at 100°, lost no 
further weight at 120°. 

w : 4-Dimethoxyacetophenone (Formula I).—This ketone was 
prepared from magnesium anisyl bromide and methoxyacetonitrile 
by the method described above in the case of w-methoxyaceto- 
phenone. The yield from 20 grams of the nitrile was 15 grams of 
the pure substance boiling at 185—190°/35 mm. The colourless oil 
crystallised on cooling and rubbing and the compound was recrys- 
tallised by the addition of much light petroleum to a moderately 
concentrated solution in benzene. The colourless, glistening plates 
melt at 40° (Found: C=668; H=6°5. Cj 9H,,03 requires 
C = 66:7; H = 6:7 per cent.). 
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»:4-Dimethoxyacetophenone is readily soluble in organic solvents 
with the exception of light petroleum. The dimethoxymethyl- 
medioxyphenylquinoline obtained by condensation with 6-amino- 
piperonal exhibits bright, pure blue fluorescence in dilute acetic acid 
solution. The semicarbazone crystallises from alcohol in colourless 
plates melting at 149°. 

4.Methoxyphenyl 2-Hydroxy--methoxystyryl Ketone, 


If, ail 
nely i OH cot OMe 
one L Jcu:c-ome~ 
Pu —A mixture of w : 4-dimethoxyacetophenone (4 grams), salicylalde- 
ais hyde (2°8 grams), potassium hydroxide (1‘5 grams), and methyl 
oe. alcohol (100 ¢.c.) was boiled under reflux during two hours, cooled, 
tas diluted with water, and acidified by acetic acid. The crude product 
we so precipitated was collected (3-0 grams) and crystallised from methyl 
:p- alcohol, in which, as in ethyl alcohol and ether, the substance is 
‘th somewhat sparingly soluble. It crystallises in small, almost colour- 
na less, rectangular prisms melting at 160° (Found :C = 71:9; H = 58. 
ia (,7H,,04 requires C = 71°38; H = 56 per cent.). The compound 
ny dissolves readily in chloroform and in dilute aqueous potassium 
al hydroxide to an orange-yellow solution. 
1g 3: 4’-Dimethoxy-2-phenylbenzopyrylium Ferrichloride (Formula 
d IIl).—The unsaturated ketone described in the preceding section 
be (30 grams), dissolved in dry ether (100 c.c.), was converted into the 
i pyrylium salt by the action of a stream of hydrogen chloride during 
" an hour. After the addition of a solution of ferric chloride in 
" hydrochloric acid, the solvent was removed by careful distillation 
% and the precipitate of ferrichloride collected and dried (2°8 grams). 
The substance crystallises very well from glacial acetic acid, being 
. readily soluble in the hot solvent and sparingly soluble in the cold, 


and separates in clusters of hair-fine, orange-red needles melting 
at 135° (Found: C= 440; H=3:1. C,,H,;0,Cl,Fe requires 
C= 44:0; H = 3:2 per cent.). This salt dissolves in alcohol and 
chloroform to yellow and red solutions, respectively. The orange- 
red solution in dilute hydrochloric acid becomes colourless on the 
addition of sodium acetate and the colour is restored by reacidific- 
ation. The vivid jade-green fluorescence which is exhibited by a 
solution in concentrated sulphuric acid is much bluer and brighter 
than that given by 3-methoxy-2-phenylbenzopyrylium ferrichloride 
(see above). 

7 - Hydroxy - 3 : 4’ -dimethoxy - 2 - phenylbenzopyrylium Chloride 
(Formula ITT).—Hydrogen chloride was passed during one and a half 
hours through a solution of w : 4-dimethoxyacetophenone (5:0 grams) 
and @-resorcylaldehyde (4:1 grams) in glacial acetic acid (10 c.c.), 
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The liquid quickly assumed a violet-red colour and after about 
twenty minutes crystallisation of the product commenced. The 
chloride was collected, washed with ether, and dried (7:0 grams), 
This salt crystallised from hot dilute hydrochloric acid in intense 
crimson, very slender needles, which were dried over sulphuric 
acid in a vacuum (Found: C = 608; H=5-0. C,,H,;0,Cl,H,0 
requires C = 60°7; H = 5:1 percent.). The substance decomposes 
at 218° after darkening from 206°. It dissolves in chloroform to an 
orange-red solution and in alcohol to a yellow solution. The 
fluorescence of a solution in concentrated sulphuric acid is brilliant 
apple-green. The colour-base is obtained as a dark reddish-violet 
precipitate on the addition of sodium acetate to a solution of the 
chloride in dilute hydrochloric acid. The finely ground salt, treated 
with an excess of tap-water, gives a fine intense bluish-red solution 
which, if very dilute, is decolorised on standing during about half 
an hour and rapidly on the addition of a trace of acetic acid. The 
yellow colour of the oxonium salt is restored by the addition of 
hydrochloric acid. The chloride gives with a large excess of 
distilled water a yellow solution containing some pseudo-base, that 
is, the colour is intensified by acidification; the addition of a few 
c.c. of tap-water causes complete decoloration. Evidently pseudo. 
base formation depends in this case on the hydrogen-ion concen- 
tration of the solution, the limits between which this may vary being 
very close together. The oxonium chloride, the colour-base, or the 
pseudo-base gives with dilute aqueous sodium hydroxide an orange- 
yellow solution containing the unsaturated ketone in which the 
pyran ring is broken. On acidification, a colourless solution is 
obtained and this becomes yellow on heating owing to the formation 
of the oxonium salt. A similar scission of the ring does not appear to 
result in this example when cold aqueous sodium carbonate is 
employed instead of the hydroxide. The ferrichloride, prepared 
in the usual manner, crystallises from acetic acid in deep red, elong- 
ated, rectangular prisms melting at 162°. Its solution in aicohol 
is orange-red and in chloroform pink. 

w-Ethoxyacetoveratrone (Formula IV).—Powdered, freshly pre- 
pared, anhydrous aluminium chloride (11°5 grams) was added to a 
mixture of veratrole (11:5 grams) and carbon disulphide (50 c.c.). 
Ethoxyacetyl chloride * (10 grams) was then gradually introduced 

* Ethoxyacetyl chloride was prepared by the method of Henry (Ber., 
1869, 2, 276), but the following slight modification very materially increases 
the yield. Phosphorus trichloride (20 grams) was slowly added in the cold 
to pure ethoxyacetic acid (40 grams) and the reaction was completed by gentle 
heating on the steam-bath until the evolution of hydrogen chloride ceased. 


The mixture was cooled and the chloride poured away from the phosphorous 
acid and distilled. The yield was 42 grams of material boiling at 127°. 
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and when the reaction had subsided a further quantity of aluminium 
chloride (11°5 grams) was added in small portions at one time. After 
decanting the carbon disulphide from the dark, viscous mass, the pro- 
duct was decomposed by ice water and dilute hydrochloric acid and 
distilled in steam in order to remove any unchanged veratrole. The 
residual oil was taken up in ether, and the ethereal solution washed 


»H,0 with dilute aqueous sodium hydroxide, dried with calcium chloride, 

poses § and evaporated. On distillation of the residue, 8-0 grams of an oil 

gh boiling at 245—250°/20 mm. were obtained. The substance solidified 
e 


on cooling and was crystallised from a mixture of benzene and light 


Hiant petroleum. The colourless prisms melted at 68° (Found: C = 64:1; 
er H= 7:2. C,.H,,0, requires C = 64:3; H = 7:1 per cent.). This 
e 


ketone, if it is a ketone, does not appear to yield a semicarbazone, 
nor does it condense with salicylaldehyde in methyl alcoholic solu- 


tion BF tion containing potassium hydroxide. With resorcylaldehyde in 
_ glacial acetic acid solution in presence of hydrogen chloride, it yields 

" acrimson condensation product, which is not a pyrylium salt, but 
1 0 


issoluble in ether. The crimson colour is destroyed by water and a 


: of solid colourless compound is produced. Similar results were obtained 
hat with veratrole itself. Presumably these compounds are triphenyl- 
fow methane derivatives. 
do. w-Chloroacetovanillone (Formula V).—The preparation of this 
“2- § substance followed exactly the details of that described above for 
nS Ff the supposed ethoxyacetoveratrone. The quantities used were: 
the veratrole, 40 grams; chloroacetyl chloride, 34 grams; carbon 
ge disulphide, 150 c.c.; aluminium chloride, two portions of 40 grams 
he each. ‘The ethereal solution was not washed with sodium hydroxide, 
8 Ff but was dried and evaporated, when, on cooling, the residue solidified 
on | completely and weighed 42 grams. The substance was crystallised 
to J from alcohol and then from benzene and obtained in colourless 
8 fj prisms melting at 102° (Found: C = 53:7; H=46. C,H,0,Cl 
od requires C = 53°38; H = 4-4 per cent.). The melting point is the 
B- same as that of w-chloroacetoveratrone, but the new compound is 
of completely soluble in dilute aqueous potassium hydroxide and gives 
a green colour on the addition of ferric chloride to its alcoholic 
i solution. The following experiment was carried out in order to 
° determine the position of the methoxy-group. 
. Reduction to Acetovanillone——The chloro-ketone (5 grams), dis- 
d solved in aqueous alcohol, was reduced at 60° by means of dilute 
. sulphuric acid (5 c.c. of 10 per cent.) and iron filings (3 grams). 
: The mixture was mechanically stirred during three hours and the 
product isolated by extraction with ether. After removing the 


solvent from the dried solution, the pale yellow oil which remained 
solidified, and was found to be free from chlorine. On crystal- 
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lisation from benzene, colourless prisms melting at 115° were 
obtained. These gave a green coloration in alcoholic solution and q 
blackish-violet in aqueous solution on the addition of ferric chloride, 
The formation of dehydrodiacetovanillone was also observed, 
Finally the phenylhydrazone was prepared and this melted at 125° 
after crystallisation. These properties are identical with those of 
acetovanillone as described by Neitzel (Ber., 1891, 24, 2863) and 
quite different from those of isoacetovanillone, m. p. 91° (Schneider 
and Kraft, Ber., 1922, 55, [B], 1892). It may be mentioned that 
acetovanillone can be readily converted into a salicylidene derivative, 
and this yields a pyrylium salt on heating with concentrated hydro. 
chloric acid. ‘The addition of sodium acetate to an aqueous solution 
causes the separation of a bluish-red colour-base, and the reaction is 
diagnostic of the free hydroxyl group in the para-position in the 
benzene nucleus. 
4-Hydroxy-3-methoxyphenylglyoxaldiphenylhydrazone (Formula 
VII) and 3: 4'-Dihydroay-3'-methoxy-2-phenylbenzopyrylium Ferri- 
chloride (Formula VI).—An alcoholic solution of w-chloroacetovanil- 
lone (24 grams) and potassium acetate (20 grams) was boiled under 
reflux during two hours. The alcohol was then removed by dis. 
tillation and the oil, precipitated by the addition of water, taken 
up in ether. The ethereal solution was washed, dried, and evapor- 
ated, and the residual oil (15 grams) (A), which could not be crystal- 
lised, was hydrolysed by boiling water (500 c.c.) and barium carbonate 
(8 grams) during two hours. The product, which doubtless con- 
sisted of w-hydroxyacetovanillone, could also not be crystallised, 
but on warming with a dilute acetic acid solution of phenylhydrazine 
it furnished a copious precipitate of an osazone-like derivative. 
The substance was collected, dried, and crystallised from glacial 
acetic acid. It separated in short, yellow needles melting at 186° 
(Found: C=702; H=54; N=1553. Cy,H 0,N, requires 
C=700; H=55; N=15°5 per cent.). The compound is 
sparingly soluble in organic solvents to yellow solutions and in 
sulphuric acid to a greenish-brown solution. In attempting the 
condensation of w-hydroxyacetovanillone with salicylaldehyde in 
alkaline solution, there was no point in carrying out the second stage 
of hydrolysis described above. The crude acetoxyacetovanillone 
(A) (5 grams) was mixed with salicylaldehyde (2°5 grams), potassium 
hydroxide (20 grams), and methy] alcohol (100 c.c.), and the whole 
boiled under reflux during one hour. The diluted and cooled liquid 
was acidified with acetic acid, and the condensation product, which 
separated as a pale yellow, heavy oil, was separated by decantation 
of the supernatant liquid, washed with water, and dried. The sub- 
stance was dissolved in ether (100 ¢.c.), and a current of hydrogen 
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chloride passed through the solution during an hour. Dilute 
hydrochloric acid was then added, the ether removed by distillation, 
and a ferrichloride precipitated by the addition of a concentrated 
solution of ferric chloride in hydrochloric acid. The dark brown, 
viscous mass (1°0 gram) was dissolved in a very little hot glacial 
acetic acid and on cooling deposited clusters of red needles which 
were collected, washed, and dried in a vacuum over sulphuric acid 
(Found: C = 413; H=2°8. C,,H,,0,Cl,Fe requires C = 41:1; 
H = 2°7 percent.). This substance melts at 142° and is much more 
soluble in acetic acid than any of the other ferrichlorides described 
in this paper. It is soluble in chloroform and alcohol to rose solu- 
tions and in the latter case the colour fades. The solution in 
sulphuric acid exhibits weak olive-green fluorescence. In a large 
excess of tap-water, it gives a violet solution, from which the colour- 
base gradually separates, leaving a colourless solution. The latter 
contains the pseudo-base and on the addition of sodium carbonate 
or hydrochloric acid gives a yellow coloration for the different 
reasons which have been explained in other cases. ‘The orange-red 
solution of the salt in very dilute hydrochloric acid yields the violet 
colour-base on the addition of sodium acetate, but decoloration is 
rapid in dilute solution. Sodium carbonate added to an alcoholic 
solution produces a dull violet coloration, and this is of some interest 
because Willstatter has used this reaction as one indication of the 
position of methyl groups in ethers of cyanidin and delphinidin. 
Probably a blue coloration with sodium carbonate in alcoholic 
solution will only denote a free hydroxyl group in the pyrylium 
nucleus when the number and position of the hydroxyl groups in 
the aromatic nuclei are comparable with those of one of the natural 
pigments. 

w-Methoxyacetoveratrone, MeO-CH,°CO-C,H,(OMe),.—A __ solution 
of 4-bromoveratrole in dry ether gradually dissolved activated 
magnesium on boiling, but very little organo-magnesium derivative 
was produced. The breakdown of this route induced us to test the 
applicability of the Hoesch reaction to catechol derivatives, but the 
results were not encouraging. Methoxyacetonitrile could not be 
condensed with catechol by means of hydrogen chloride in ethyl or 
isoamy] ethereal solution in the presence or absence of zinc chloride 
and at the ordinary temperature or the boiling points of the solvents. 
Methoxyacetonitrile and veratrole in carbon disulphide solution 
under the influence of aluminium chloride gave a small yield of a 
substance, possibly methoxyacetoveratrone, but the reactions of the 
compound were ambiguous. Carbomethoxyglycollonitrile * appears 


* The following method of preparation of this substance is much more 
convenient and gives a'better yield than that recommended by Sonn and 
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to condense to some extent with catechol in ethereal solution in 
presence of hydrogen chloride, but as the product did not yield a 
pyrylium salt by condensation with resorcylaldehyde it was not 
further investigated. The desired substance has, however, been 
obtained by the following series of processes. w-Chloroacetovanil. 
lone was converted into w-chloroacetoveratrone by the method which 
Stephen and Weiszmann (loc. cit.) employed for the methylation of 
w-chloroacetocatechone. w-Chloroacetoveratrone (24 grams) was 
treated for two hours with a boiling alcoholic solution of potassium 
acetate (20 grams). The acetoxy-derivative was isolated by 
extraction with ether, and the uncrystallisable oil (15 grams) was 
then further hydrolysed by boiling during two hours with water 
(500 c.c.) containing precipitated barium carbonate (8 grams) in 
suspension. The w-hydroxyacetoveratrone was also isolated by 
repeated extraction with ether and was an uncrystallisable syrup 
(7 grams). This substance was characterised by its dehydrodiphenyl- 
hydrazone, which crystallises from acetic acid in microscopic, yellow, 
rectangular prisms melting at 164°. A solution of hydroxyaceto- 
veratrone reduces Fehling’s solution even in the cold. 
w-Hydroxyacetoveratrone (10 grams), thoroughly dried, was dis- 
solved in methyl! iodide (28 grams), and after the addition of silver 
oxide (25 grams) the mixture was boiled under reflux during six 
hours. The product was dissolved in ether and the solution filtered 
and distilled. 3:4 Grams of an oil boiling at 200—205°/25 mm. were 
obtained, but all efforts to induce the crystallisation of the compound 
were unsuccessful. The result of condensation with resorcylaldehyde, 
described in the next section, shows that this substance is essen- 
tially methoxyacetoveratrone. In the hope of obtaining a character- 
istic derivative from which the pure ketone could be regenerated, 
the semicarbazone was prepared. This was easily produced in the 
usual manner in aqueous solution in presence of a little methyl 
alcohol, but on crystallisation from methyl alcohol two substances 


Falkenheim (Ber., 1922, 55, [B], 2975). Methyl chloroformate (21-7 grams) 
was gradually added with cooling and shaking to a mixture of aqueous 
formaldehyde (20 c.c. of 35 per cent.) and potassium cyanide (15 grams), 
dissolved in water (45 c.c.). The agitation was continued during one and 
a half hours by mechanical means and the oil was then extracted with ether, 
the ethereal solution separated, washed, and dried with sodium sulphate. 
After removing the solvent, the residual oil was distilled and the yield of the 
nitrile, b. p. 96—97°/12 mm., was 15-0 grams. w-Carbomethoxyfisetol (Sonn 
and Falkenheim, loc. cit.) is obtainable in excellent yield by the condensation 
of carbomethoxyglycollonitrile and resorcinol in ethereal solution by means 
of hydrogen chloride, followed by hydrolysis of the ketimine salt. The use 
of zinc chloride is quite unnecessary, and this has already been shown to be 
the case in connexion with the preparation of w-methoxyresacetophenone by 
Slater and Stephen (loc. cit.). 
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were separated. The possible nature of these is discussed on p. 747. 
Veratrylmethoxyacetaldehydesemicarbazone-a is much the more spar- 
ingly soluble and crystallises in prisms melting at 205° (Found : 
(=641; H=66. C,,H,,0,N, requires C= 539; H= 64 
per cent.). Veratrylmethoxyacetaldehydesemicarbazone-b crystallises 
in woolly needles melting at 168° (Found: C= 541; H=6%5 
yer cent.). Attempts to hydrolyse these semicarbazones by hydro- 
chloric acid, alone or in presence of formaldehyde or benzaldehyde, 
resulted in decomposition of the nitrogen-free product. 

7- Hydroxy -3 : 3’: 4’ - trimethoxy -2 - phenylbenzopyrylium Ferri - 
chloride (Formula VIII).—A stream of hydrogen chloride was passed 
during an hour and a half through a mixture of crude w-methoxy- 
acetoveratrone (0°5 gram), 8-resorcylaldehyde (0°3 gram), and acetic 
acid (1 ¢.c.), when the pyrylium chloride separated in dark violet 
crystals with a beetle-green lustre. The substance could be crystal- 
lised from dilute hydrochloric acid in brown prisms, which, crystal- 
lising in a film on a glass surface, appear to be purple by transmitted 
light. The ferrichloride was prepared by adding the whole 
product to hot dilute hydrochloric acid and treating the filtered 
solution with ferric chloride and hydrochloric acid. The derivative 
crystallised from acetic acid in red needles melting at 156° (Found : 
(C=419; H=3°5. C,,H,,0;Cl,Fe requires C = 42:2; H = 33 
per cent.). The salt dissolves in alcohol to an orange-red solution 
and in chloroform to a pink solution. The fluorescence in sulphuric 
acid is not very marked and is a weak olive-green. The colour-base 
is thrown down by the addition of sodium acetate to a solution in 
dilute hydrochloric acid and is a purple precipitate. A bright 
purple solution is obtained when an excess of tap-water is added to a 
little of the ferrichloride. This soon fades to pink and is ultimately 
decolorised. The process is hastened by the addition of a trace of 
acetic acid. 

7- Hydroxy - 3: 2’ : 4’ - trimethoxy -2- phenylbenzopyrylium § Ferri- 
chloride (Formula X).—w-Methoxyresacetophenone and w-carbo- 
methoxyfisetol (Sonn and Falkenheim, loc. cit.) yield abnormal 


i products on condensation with $-resorcylaldehyde, and the inves- 


tigation of these substances is not yet complete. w:2:4-Tri- 
methoxyacetophenone (2 grams) and an equal weight of 6-resorcy]l- 
aldehyde, disso!ved in acetic acid (15 c.c.), were condensed together 
by the agency of a stream of hydrogen chloride during two hours. 
Asmall amount of crystals separated from the dark bluish-red solu- 
tion, but the whole was added to boiling dilute hydrochloric acid 
(300 ¢.c.), and the deep orange solution filtered from a dark reddish- 
Violet by-product. The pyrylium chloride separated on cooling 
as a flocculent, red precipitate. The ferrichloride was prepared in the 
VOL, CXXII. DD 
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usual manner and crystallised from acetic acid in beautiful golden. 
brown clusters of lanceolate needles which had a striking gree 
glance. The substance melts at 160° without obvious decompos. 
tion (Found: C= 420; H=3°5. (C,,H,,0;Cl,Fe  requiry 
C = 42:2; H = 3°3 per cent.). The reactions of this substange 
closely resemble those of the isomeride described in the preceding 
section. The slow evaporation of the red solution in chloroform 
produced some large crystals which had a particularly brilliant 
beetle-green lustre. The green fluorescence of the solution iy 
concentrated sulphuric acid was a little brighter than that of the 
related catechol derivative. 

It is hoped to include in a subsequent communication some account 
of the position of the absorption bands in the visible region of the 
spectrum which are characteristic of the oxonium salts and colour. 
bases now described. 


One of us (D. D. P.) desires to express his thanks to the Carnegie 
Trust for a scholarship which has enabled him to take part in this 
investigation. 
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LXXXIX.—Physostigmine. Part I. Alkylation Pro- 
ducts of Eseroline. 


By Grorcre BarcerR and Epaar STEDMAN. 


THE partial synthesis of physostigmine (eserine) from methyl. 
carbimide and eseroline by Polonovski and Nitzberg (Bull. So. 
chim., 1916, [iv], 19, 27) has reduced the problem of the constitution 
of this alkaloid to that of elucidating the structure of eseroline. 
With this end in view, one of us (E. S., T., 1921, 119, 891) attempted 
to prepare the methyl ether of eseroline methiodide, C,,H,,ON,], 
by acting on it with methyl iodide and sodium ethoxide, in ethyl. 
alcoholic solution. A new sparingly soluble methiodide was 
obtained, to which the formula C,)H,,ON,I was assigned at the 
time, and this new salt was accordingly regarded as a degradation 
product of eseroline; the “inexplicable nett loss of C,H,’ could 
not, however, be accounted for. 

We soon found that the first stage of the reaction consists (a 
was to be expected) in the methylation of the phenolic hydroxy! 
which in physostigmine is united to the grouping NHMe‘C0. 
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The new salt gives off one methyl group when boiled with hydriodic 
acid, and is not more soluble in sodium hydroxide than in water. 
We therefore started with an ether of eseroline, choosing the ethyl 
ether eserethole, which is conveniently prepared by Polonovski’s 
method (Bull. Soc. chim., 1915, [iv], 17, 240) and can be readily 
purified by distillation. The use of this ether has the further 
advantage of obviating the necessity of carrying out the reaction 
in a hydrogen atmosphere. From eserethole methiodide, and also 
from the corresponding ethiodide, we obtained analogous quaternary 
salts, but their analysis and that of their derivatives finally convinced 
us, however, that instead of being simpler than eseroline, they are 
in reality more complex. The formula of the original compound, 
CyH,,ON,I, has to be approximately doubled, to CyyH3,0.Nglp. 
The recognition of the correct formula was much delayed by faulty 
nitrogen analyses according to Dumas; nitric oxide was discovered 
in the nitrogen evolved, and its formation could never be entirely 
suppressed, but good analyses were subsequently obtained by the 
micro-Kjeldah] method. 
The reaction, first described, must therefore be formulated in 

some such way as this : 
CyyH,,ON,I + 5CH,I + 3C,H;-ONa + NaOH = 

C,5H,,0,N,I, + 4Nal + 3C,H,;-OH, 
and that with eserethole methiodide as 
C,sH,;ON.I + 4CH,I +4- 3C,H;-ONa = 

C.9H,,0.N,1, + 3Nal + 3C,H;-OH. 
These reactions are therefore extensive methylations. In spite of 
the fact that eserethole methiodide appears to be fully methylated, 
it takes up four further carbon atoms in the presence of sodium 
ethoxide and methyl iodide. Straus (Annalen, 1913, 401, 350) 
had indeed already indicated that eseroline has a slight tendency 
to take up two molecules of methyl iodide, but the introduction 
of a larger number of methyl groups had not been observed at all. 
Straus (loc. cit. and Annalen, 1914, 406, 332) has suggested a formula 
for eseroline which represents it as consisting of a benzene and a 
piperidine ring, joined by a pyrrole ring. According to the sub- 
sequent nomenclature of Perkin and Robinson, it might be termed 
a hydroxydi-N-methylhexahydronorharman, and physostigmine 
would thus show analogies to harmine and harmaline. We have 
been tempted to employ Straus’s eseroline formula to explain the 
formation of the compounds described in the present paper, but as 
the formula is open to certain objections, it is perhaps preferable 
to limit ourselves at present to partly developed formule, and to 
suggest merely in general terms that the reaction under discussion 

DDdD2 
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might consist in an opening of a piperidine ring, a methylation of 
the methine thus formed, and a methylation of the pyrrole ring 
with the production of an indoline derivative with methyl groups 
in position 2. It is only in this way that the introduction of go 
many methyl groups can be explained. 

In order to facilitate nomenclature, we suggest the name “‘ esoline” 
for a phenolic ditertiary base, C,,H,,O,.N, (X). The salt first 
described two years ago is then the dimethiodide of esoline methy| 
ether, and the salts from eserethole are diquaternary salts of esoline 
ethyl ether (VI), ete. The chief reactions carried out, together wit) 
the hypothetical base esoline, may be represented as follows : 


HO-C,,Hy4|=NMe EtO-C,,H,,|=NMe EtO-C,,H,,|—=NMe,I 
=N —> =N > =n “> 
(I.) Eseroline. (II.) Eserethole. (III.) Eserethole methiodide. 


EtO-C,,H,,|—NMe, EtO-C,,H,s|—NMe,I EtO-C,,H,,|—NMe,] 
=N > =N “>  (,H,0|=NMei—> 
(IV.) Eserethole- (V.) Eseretholemethine (VI.) Esoline ethyl ether 
methine. methiodide. dimethiodide. 


EtO-C,Hyol/—NMe,I_ _ HO-C,,H,OH|—NMe,I 
C{H,O|=NMel C,H,O|=NMel 
(VII.) Iodoesoline ethyl (VIII.) Hydroxyesoline 
ether dimethiodide. dimethiodide. 


EtO:C,.H,.°OH|—NMe,I HO-C Hy —NMe, 
43| — 
6 


C,H,O|=NMel C,H ,O|=N 
(IX.) Hydroxyesoline ethyl (X.) Esoline. 
ether dimethiodide. 


Eseretholemethine (IV) was first prepared by Max and Michel 
Polonovski (Bull. Soc. chim., 1918, [iv], 23, 337) by the action 
of cold sodium hydroxide on eserethole methiodide and they also 
prepared its methiodide (V). We find that if this salt is heated with 
methyl iodide and sodium ethoxide in ethyl alcoholic solution, the 
same diquaternary salt (VI) is formed as from eserethole methiodide 
itself, so that the methiodide of the methine is undoubtedly 
an intermediate product in the reaction under discussion. The 
subsequent stages consist in the addition of methyl iodide to the 
second nitrogen atom and in the addition of the elements of a 
molecule of ethyl alcohol. We consider that in the formation of 
eseretholemethine a methylene group is left attached (in position 2 ?) 
to the pyrrole ring and that it is here that C,H,O is fixed by the 
double bond, but whether as hydroxyl + ethyl, or hydroxyl + 2 
methyls, or as an ether, we cannot at present say quite definitely. 
An ether grouping in this position is, however, very improbable, 
for by boiling quaternary salts of esoline ethyl ether with hydriodic 
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acid, only one alkyl group (the ethyl of eserethole) is eliminated, 
and the resulting phenolic salts are found to contain only two 
carbon atoms Jess than the original. We have considered the 
possible occurrence of an ether grouping in this position mainly 
beeause Perkin and Robinson (T., 1919, 115, 946) found two 
methoxy-groups in the base, obtained by the action of methyl 
alcoholic potassium hydroxide on the normal methosulphate of 
methyltetrahydroharmine (compare also O. Fischer, Ber., 1914, 
47, 104). The extent of the analogies and differences between 
methyltetrahydroharmine and eseroline methyl ether requires 
further study; however, it should be remembered at the outset 
that the latter substance contains two more hydrogen atoms than 
the former. 

In the above partly developed formulz we have made as few 
assumptions as possible, and have not assigned a methyl group to 
the second, non-basic nitrogen atom of eserethole. Straus (Annalen, 
1914, 406, 336) found two N-methyl groups in eseroline, in contra- 
diction to earlier investigators, who had found only one. The 
second methyl group is, according to him, only given off when a 
wlatively very large quantity of hydriodic acid is employed (in 
Pregl’s micro-apparatus) and may well be of a different nature from 
the first N-methyl group. The doubt is increased by the fact that 
Polonovski and Nitzberg subsequently (Bull. Soc. chim., 1916, 
liv], 19, 27) found that eseroline reacts with phenylcarbimide to 
form a substituted carbamide, which seems to imply the existence of 
an imino-group in the molecule. 

The second nitrogen atom of eseroline is not wholly devoid of 
basic properties, since Straus (Annalen, 1913, 401, 361) found that 
physostigmine forms in concentrated hydrochloric acid a dichloro- 
arate and that eseroline methiodide may in part loosely combine 
with a second molecule of methyl iodide. During the action of 
methyl iodide and sodium ethoxide on eserethole, the basic character 
of the second nitrogen is so much enhanced that ultimately a stable 
diquaternary iodide results. 

We have attempted the degradation of esoline ether dimethiodides 
invarious ways. Potassium permanganate, whether before or after 
the removal of the O-alkyl group, did not give any satisfactory 
rsults. Boiling 33 per cent. nitric acid left the salts intact, but 
it 150° gave a crystalline oxidation product which was not further 
investigated. Short boiling with nitric acid (d 1-4) liberates iodine 
ind forms a diquaternary nitrate containing a single atom of iodine, 
vhich with potassium iodide furnishes a sparingly soluble iodo- 
dimethiodide (VII). Similar iodinations with iodine and nitric acid 
have been observed by Mrs. Robinson (T., 1916, 109, 1079). In 
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the present case, the new iodine atom does not appear to be in 
benzene ring, for boiling hydriodic acid replaces it by hydroxy); 
at the same time the ethoxy-group is hydrolysed, with formation 
of (VIII). This substance on re-ethylation only takes up one ethy! 
group, in the original hydroxyl of eserethole. The new hydroxy! 
is not attacked. 

Results which will probably be of great use have been obtained 
by the decomposition of esoline ethyl ether diquaternary hydroxide, 
which appears to furnish a ditertiary base (esoline ethyl ether ?), 
and a monotertiary base formed from the latter by the further loss 
of trimethylamine and water. We hope soon to give an account of 
these bases, and to discuss the conclusions to be drawn from our 
identification of eserethole methiodide, m. p. 171°, of Max and 
Michel Polonovski with the ‘“ hydroiodide,” m. p. 170°, of the 
methine (Bull. Soc. chim., 1918, [iv], 23, 337, 338). This identity 
may be connected with observations by Brunner on alkylene 
indolines (Ber., 1905, 38, 1359) and by Decker on other bases 
(compare, for example, Ber., 1905, 38, 2493). 

There are two further points to which we wish to direct attention. 
The esoline salts are optically inactive, and the optical activity 
was lost after the eseretholemethine stage. Whether esoline 
contains no asymmetric carbon atom, or whether its metho-salts are 
racemic, we cannot as yet say; we have not yet attempted their 
resolution. 

Physostigmol ethyl ether, formed by heating eserethole meth- 
iodide, gives, even in very dilute solution, a blue coloration with 
dimethylaminobenzaldehyde and hydrochloric acid, confirming 
Straus’s view that physostigmol is an indole derivative. None 
of the substances described in the present paper gives even a trace 
of this colour reaction. It is evident that the formation of physo- 
stigmol is accompanied by a rather deep-seated change : a dihydro- 
indole becomes an indole, and the substituent in either the 2 or the 3 
position is removed. Apart from the elucidation of the constitution 
of physostigmol, the chief problem is to determine the mechanism 
of its formation. 

EXPERIMENTAL. 

Esoline Methyl Ether Dimethiodide, C,,H,,0,N,I,.—This compound, 
to which the incorrect formula C,j)H,,ON,I was _ previously 
assigned, is prepared by the method described in a previous paper 
(loc. cit.). It contains one methoxyl group (Found: MeO = 5:12. 
Ci9H3,0,N,I, requires 1MeO = 5°38 per cent.). When this 
result is combined with an estimation of O-methyl + N-methyl 
groups by Herzig and Meyer’s method, the presence of either four 
or five N-methyl groups is indicated [Found: Me(O0- + N-) = 
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Cale., 6Me(O- + N-) = 156; 5Me(O- + N-) = 13°0 
. per cent. Found: C = 39°08; H = 5°51; N (micro-Kjeldahl) = 
‘830 per cent. CygH3,0,N,I, requires C = 39°58; H = 5°90; 
¥ = 4°86 per cent. ]. 

Esoline Methyl Ether Dimethoperchlorate, C9H3,0.N,(C1O4)o.— 
When an aqueous solution of the diquaternary hydroxide obtained 
fom methylesoline dimethiodide by treatment with silver oxide is 
nixed with a solution of perchloric acid, a precipitate of the 
limethoperchlorate is formed. This salt is sparingly soluble in 
yater or alcohol and can be crystallised from either of these 
wlvents or, more conveniently, from a mixture of the two. It 
forms prisms which melt at 294°. It decomposes violently when 
heated on a platinum foil [Found : Cl = 13°33.* C,)H3,0,N,(C104). 
requires Cl = 13°63 per cent. ]. 

Esoline Ethyl Ether Dimethiodide, C.)H3,0,N.I,.—The preparation 
of this compound was first undertaken with a view to ascertaining if 
methylation of the hydroxy-group in eseroline was the first stage 
in the formation of methylesoline dimethiodide. The method 
employed was similar to that used in the case of the latter compound, 
except that the displacement of air by hydrogen was unnecessary. 
One gram of eserethole methiodide was dissolved in 5 c.c. of a 
slution of 0°5 gram of sodium in 25 c.c. of ethyl alcohol, excess of 
methyl iodide was then added, and the mixture heated under 
rflux-on a water-bath for three and a half hours. (The reaction 
apparently proceeds more slowly than in the case of the lower 
homologue; the first separation of solid occurred only after the 
mixture had been heated for two hours.) The mixture was then 
cooled and filtered (yield 0°35 gram). When recrystallised from 
methyl alcohol, esoline ethyl ether dimethiodide forms short prisms 
which melt at about 208° with decomposition (Found: C = 41°22; 
H lost; N (micro-Kjeldahl) = 4°51; I = 43:29. Cy H,,0,N,I, 
requires C = 40°68; N = 4°75; I= 43°05 percent.). It is similar to 
esoline methyl ether dimethiodide in properties, but has a slightly 
greater solubility in methyl alcohol. Unlike eseroline and eserethole, 
it is optically inactive. 

When larger quantities of this compound were subsequently 
required for further work, it was found that by heating the reaction 
mixture for as long as seven hours and then allowing it to stand 
over-night before filtering, yields of more than 50 per cent. of the 
theoretical could be consistently obtained. It is possible that the 
yield might be still further improved by employing a larger 
proportion of sodium, but this point has not so far been tested. 
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* Fusion with sodium carbonate according to Hofmann and Roth, Ber., 
1910, 48, 682. 
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Esoline Ethyl Ether Dimethoperchlorate, C.yH3,0,N,(C10,),, is 
prepared by the action of perchloric acid on a solution of the 
diquaternary hydroxide. It is sparingly soluble in water o, 
alcohol. When recrystallised from the former solvent, it forms 
prisms which melt at 272—273° [Found: Cl = 13:26 (Carius), 
13°10 (fusion). C9H3,0.N,(C10,). requires Cl = 13:27 per cent,} 

Eseroline Ethiodide, C,,H,,ON,,C,H;I—One gram of eseroline 
was dissolved in ethyl iodide and allowed to stand for two days, 
The crystalline substance which had separated was filtered and 
washed with ether (yield 1°7 grams). It was recrystallised by 
dissolving in the minimum amount of hot alcohol and then adding 
hot ethyl acetate until a faint turbidity appeared. On cooling, 
it crystallised in radiating needles which melted at 172° (Found: 
I = 34°49. (C,,H,,ON,,C,H,I requires I = 33°96 per cent.). 

Esoline methyl ether methyl ethyl diquaternary iodide, CopH,0.N,I,, 
was prepared by the method employed for esoline methyl! ether 
dimethiodide. When recrystallised from methyl alcohol, it forms 
radiating aggregates which decompose at about 212°. It is evidently 
isomeric with esoline ethyl ether dimethiodide (Found : C = 40°49; 
H = 6°23. Cy H,,0,N,I, requires C = 40°68; H = 6°10 per cent.). 

Esoline Ethyl Ether Methyl Ethyl Diquaternary Iodide, Cy,H3,0 Nol, 
—KEserethole ethiodide was first prepared by dissolving eserethole 
in ethyl iodide and allowing the solution to stand for some days. 
The eserethole ethiodide which had separated was filtered and washed 
with ether. It can be recrystallised, either from a mixture of 
methyl alcohol and ethyl acetate or by slow precipitation by 
addition of dry ether to a solution in alcohol. In the present case, 
however, purification was not attempted, but the crude product 
was used for the preparation of esoline ethyl ether methyl ethyl 
diquaternary iodide. The method employed was identical with 
that used for the preparation of esoline ethyl ether dimethiodide. 
Esoline ethyl ether methyl ethyl diquaternary iodide crystallises from 
water or methyl alcohol in prisms which melt at about 201° with 
decomposition. If a concentrated aqueous solution is cooled 
rapidly, it sets to a gel (Found: C = 41°92; H = 6:30; I = 42°10. 
C,,H3,0,N,I, requires C = 41°72; H = 6°29; I = 42°05 per cent.). 

Esoline Dimethiodide, C,,H3,0.N,I,.—0°5 Gram of esoline ethyl 
ether dimethiodide was heated under reflux for half an hour with 
constant-boiling hydriodic acid. Oily drops of ethyl iodide were 
formed in the condenser and the characteristic odour of this compound 
was observed. The hydriodic acid was distilled off under diminished 
pressure, last traces being removed by the addition of water, which 
was again distilled off. The residue was then dissolved in methyl 
alcohol and allowed to crystallise (yield 0°35 gram). After recrystal- 
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sation from water, esoline dimethiodide forms long prisms which 
melt at about 212° with decomposition. The presence of a phenolic 
hydroxy-group is shown by its ready solubility in sodium hydroxide, 
fom which it is reprecipitated on acidification. 

The preparation of this compound renders possible the conversion 
of esoline ethyl ether dimethiodide into the corresponding methyl 
ether. ‘Thus, when esoline dimethiodide (prepared from the ethyl 
ether) is boiled in alcoholic solution with an equivalent of sodium 
and methyl iodide, it is converted quantitatively into esoline methyl 
eher dimethiodide. The latter compound was identified by its 
melting point and by analysis (Found: I = 43°99. C,,H3,O,Nel, 
requires I = 44:10 per cent.). This clearly demonstrates the 
rlationship which exists between ethyl- and methyl-esoline di- 
nethiodides. 

Degradation of Esoline Ethyl Ether Dimethiodide by Hofmann’s 
Method.—A hot aqueous solution of 2 grams of esoline ethyl ether 
dimethiodide was treated with excess of moist, freshly precipitated 
silver oxide, filtered, and the filtrate evaporated to dryness under 
diminished pressure. The residue formed a brown syrup having a 
faintly basic odour. It was transferred to a flask and distilled under 
diminished pressure. The flask was fitted with a capillary which 
allowed a slow stream of air to pass through the apparatus and thus 
sweep out the whole of the volatile amine produced, into hydro- 
chloric acid contained in a vessel attached to the receiver. At 
about 160°/12 mm. an obvious decomposition occurred and at 
200°/12 mm. an almost colourless oil distilled over (yield 0°55 
gram). The hydrochloric acid was evaporated to dryness on a 
water-bath, and there was thus obtained 0°16 gram of the hydro- 
chloride of a volatile amine. This was identified as trimethylamine 
hydrochloride by the following tests: it was very hygroscopic and 
after crystallisation from alcohol melted at 276°. A portion was 
converted into the picrate which, after recrystallisation, melted 
at 218°. The remainder of the hydrochloride was converted 
into the chloroplatinate and analysed [Found: Pt = 36°89. 
(Me,N),,H,PtCl, requires Pt = 36°70 per cent.]. 


“10. 
1t.). The oily distillate on treatment with aqueous picric acid gave 
hyl § semi-solid picrate. This was collected and boiled with alcohol, 


when it became crystalline. It was recrystallised from alcohol, 
in which it was only sparingly soluble, and formed prisms and 
sphero-crystals which melted at 208—210° (Found: C = 46°87; 
H = 4:22. C©,gH5)0.N>,2C,H,0,Ng requires C = 47:12; H= 4°71 


hed 

ich § Per cent.). 

hyl In a second experiment, 6 grams of ethylesoline dimethiodide 
a]. | Were converted into the quaternary hydroxide, which was distilled 
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as rapidly as possible at 12 mm. Two grams of an almost colourless 
oil were collected. This was dissolved in ether and extracted with 
1 per cent. hydrochloric acid. The ethereal solution, after drying 
over sodium sulphate, left on evaporation 0°2 gram of a non-basic 
oil. Addition of sodium hydroxide to the acid solution precipitated 
a basic oil, which was shaken out with ether. The ethereal extract 
was dried over sodium sulphate and the solution filtered. Methyl 
iodide was then added, when a precipitate slowly formed (yieid 0-6 
gram). After filtration, it was recrystallised from ethyl acetate 
and formed plates which melted at 172° and then solidified without 
melting again up to 270° (Found : C = 50°51; H = 7°62; N = 8:15, 
I = 30°82. C,,H,,ON,,CH,I requires C= 50:24; H = 7°63; 
N = 6:90; I = 31°28 per cent.). 

The ethereal mother-liquors from the preparation of this meth- 
iodide were evaporated and the residue was heated with methyl 
iodide. A solid separated which, after filtration, was recrystallised 
from ethyl acetate. It melted at 146°. Only sufficient was 
obtained for an iodine estimation (Found: I = 35°7 per cent.). 
It appears probable that this iodide was identical with the one 
obtained above, but was contaminated with small quantities of 
the corresponding diquaternary iodide. The composition of 
neither substance can as yet be interpreted. 

Action of Nitric Acid on Esoline Ethyl Ether Dimethiodide.—When 
this salt is boiled with concentrated nitric acid, it is converted 
partly into the corresponding diquaternary nitrate and _ partly 
into iodoesoline ethyl ether dimethonitrate. Thus, in one experi- 
ment, 1 gram of esoline ethyl ether dimethiodide was gently boiled 
for four minutes with | c.c. of concentrated nitric acid. During 
this time the greater part of the iodine liberated was expelled. 
The reaction was then stopped by dilution with water and last 
traces of iodine were expelled by again boiling. The solution was | 
evaporated to dryness on a water-bath, when a residue was obtained 
consisting of a mass of crystals contaminated with a yellow oil. 
The latter was almost completely removed by boiling with acetone, 
in which the crystals were sparingly soluble. Recrystallisation 
of the product could be effected from alcohol, in which it is rather 
soluble, or better from a mixture of alcohol and ethyl acetate, or 
by slow precipitation from alcoholic solution by ether. The 
substance so obtained formed pale yellow needles which melted 
at 241° with decomposition. It was, however, evidently contami- 
nated with esoline ethyl ether dimethonitrate, for no analyses 
could be obtained which agreed with the formula C,)H,;ON,I(NOg)9. 
That it consisted mainly of this product was, however, proved 
by its conversion into iodoesoline ethyl ether dimethiodide by 


BARGER AND STEDMAN : PHYSOSTIGMINE. PART I. 767 


double decomposition with potassium iodide. This was carried 


Urlegs 
| with @ out in the following manner: the crude nitrate obtained from 
rying @ 1 gram of esoline ethyl ether dimethiodide was dissolved in water and 


basic @ solid potassium iodide was added to the solution. The diquaternary 
tated if iodide commenced to separate almost immediately. After warming 
tract | to ensure solution of the potassium iodide, the periodide which 
ethy| had formed was filtered and washed thoroughly with water, in which 
d 06 @ it was very sparingly soluble. It was then suspended in water and 


etate Mm the latter saturated with sulphur dioxide. The solution was 
hout @ boiled until it was pale yellow and all the sulphur dioxide had been 
315: Mf driven off. On cooling, the diquaternary iodide crystallised out 


(yield 0°75 gram). It was recrystallised from ethyl alcohol and 
again from water and formed faintly yellow, long prisms which 


eth. | melted at about 225° with decomposition. Even after repeated 
thy| J crystallisation it retained its creamy colour. Jodoesoline ethyl ether 
lised | dimethiodide is sparingly soluble in cold water and in most organic 
was ff solvents and is consequently very readily purified [Found : C = 33°86, 
nt.). 3388. H = 5°18, 5°04; *N = 4°65; I(ionic; = 34°49, and hence 
one @ total I = 3 x ionic I = 53°23. Cy )H,,0,N,I, requires C = 33°52; 
sof # H=488; N = 3°91; I = 53°21 per cent.]. 
of Hydroxyesoline Dimethiodide, C,,H3.0,N,1,.—Two grams of iodo- 
esoline ethyl ether dimethiodide were heated under reflux for 
hen § forty-five minutes with an excess of constant-boiling hydriodic 
ted acid. Solution gradually took place, ethyl iodide being at the same 
rtly J time produced, as shown by the condensation of oily drops in the 
eri, J condenser and by the characteristic odour of this substance. 
led § Removal of the hydriodic acid by distillation under diminished 
ing pressure left a black, sticky residue of periodide. This was dissolved 


in hot methyl alcohol and the solution so obtained was saturated 
with sulphur dioxide. Addition of a few c.c. of water produced 
almost complete decoloration (removal of iodine can also be effected 
by boiling the methyl alcoholic solution with finely divided copper). 
The solution was then evaporated to a small bulk. Crystallisation 
gradually took place on cooling. The solid was filtered and washed 
with a small quantity of ethyl alcohol, in which it is much less 
soluble than in methyl alcohol (yield 1:1 grams). It was recrystal- 
lised first from a mixture of ethyl and methyl alcohols and finally 


or 
he § from water. Hydroxyesoline dimethiodide forms prisms which 
ed § melt at about 212° with decomposition. Its phenolic properties 


are shown by its ready solubility in sodium hydroxide, from which 
solution it is reprecipitated on acidification (Found: C = 37°50; 
H=579; I=4391. OC,,H,.0,N,I, requires C= 37:37; 
H = 5:54; I = 43-94 per cent.). The same substance may be 


* By Dumas’s method; nitrogen contained nitric oxide; see introduction. 
DD*2 
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produced by the action of fuming hydrobromic acid. Thus, 0:5 
gram of iodoesoline ethyl ether dimethiodide was heated for two 
hours at 120° in a sealed tube. The hydrobromic acid was distilled 
off under diminished pressure and the residue dissolved in water 
and filtered from a small quantity of periodide. Addition of 
potassium iodide to the filtrate caused the hydroxyesoline dimeth. 
iodide to separate. This was filtered and recrystallised and was 


found to be identical with that obtained above (Found : C= 37-67; fi 
H = 5°77 per cent.). It should be recorded that this specimen was }! 


slightly brown in colour and gave a green coloration with ferric 
chloride which changed to reddish-brown on the addition of sodium 
carbonate. This “catechol” reaction was, however, undoubtedly 
due to the presence of a slight impurity, since it was not given by 
other specimens, and is identical with a reaction described by 
Straus for physostigmol. 

Hydroxyesoline Ethyl Ether Dimethiodide, C,)»H,,0,N,I,—0°45 
Gram of hydroxyesoline dimethiodide was dissolved in 4 c.c. of a 


solution of 0°5 gram of sodium in 50 c.c. of ethyl alcohol (slightly }} 


more than two equivalents of sodium were thus employed). The 
solution became slightly green in colour. Ethyl iodide was then 
added and the mixture heated on the water-bath for one hour. 
During this time a yellow solid separated, which was filtered off 
after cooling (yield 0°37 gram). It was recrystallised from a mixture 
of ethyl and methyl alcohols and formed aggregates and torpedo- 
shaped prisms which were slightly yellow in colour and melted 
at about 205° with decomposition. That ethylation had taken 
place was clearly shown by the fact that its solubility was no greater 
in sodium hydroxide than in water. It also differed obviously 
from iodoesoline ethyl ether dimethiodide. Thus its solubility in 
water and methyl alcohol was much greater and its crystalline 
form and melting point were quite different (Found: I = 42°11. 
CopH3,0,N.I, requires I= 41°91 per cent.). The production 
of this compound demonstrates that the second. hydroxy-group 
introduced into the esoline molecule is non-phenolic in properties. 
Action of Nitric Acid on Esoline Methyl Ether Dimethiodide.— 
When methylesoline dimethiodide is treated with nitric acid in the 
manner described above in the case of the corresponding ethyl 
compound, it is converted into iodoesoline methyl ether dimetho- 
nitrate. This substance is much less soluble in water than the 
corresponding ethyl ether and can be readily crystallised from 
this solvent. It forms pale yellow, flat prisms which melt with 
decomposition at about 255°. When treated with potassium iodide, 
it is converted into the dimethiodide. Jodoesoline methyl ether 
dimethiodide is sparingly soluble in both methyl and ethyl alcohol, 
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but can be readily recrystallised from water. It forms pale yellow, 
fat prisms which melt with decomposition at about 237° [Found : 
(= 32°76; H lost; I(ionic) = 36°14, hence I(total) = 3 x ionic 
[= 5421; I(total, by Carius) = 53°69. C,,H,,0,N,I, requires 
(|= 32°48; I = 54°27 per cent.]. 

Preparation of Esoline Ethyl Ether Dimethiodide from Eserethole- 
methine.—To 0°67 gram of eseretholemethine, dissolved in methyl 
iodide, were added 5 c.c. of a solution of 0°5 gram of sodium in 
95 ¢.c. of ethyl alcohol, and the mixture so obtained was heated 
uder reflux for four hours on a water-bath. After this time, 
ihe solution was cooled, but no separation of solid occurred. On 
yeding, however, with a minute crystal of esoline ethyl ether 
dimethiodide, crystallisation gradually took place. The substance 
yas filtered (yield 0-57 gram) and recrystallised from methy] alcohol. 
The product so obtained was identical with esoline ethyl ether 
dimethiodide. Evidently eseretholemethine is an intermediate 
product in the production of this compound from eserethole meth- 


iodide. 


We wish to record our thanks to the administrators of the Carnegie 
Trust for the Scottish Universities for a grant, which alone is 
making this expensive research possible. 
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XC.—Spinacene: its Oxidation and Decomposition. 
By A. CHaston CHAPMAN. 


Sivcz the publication of my previous paper on spinacene (T., 1918, 
113, 458), I have been successful in obtaining a considerable quantity 
of the shark liver oil, and have prepared from it further and larger 
quantities of spinacene. 

The more important physical properties of the hydrocarbon are 
recorded in the previous paper, but it seems desirable that the 
following results, obtained with a larger and purer specimen, should 
be recorded : d3%- 0-8588, n?? 1-4951. 

The specific refraction of the hydrocarbon calculated by the 
(n* — 1)/(n? + 2)d expression is 0-3396, and the molecular refrac- 
tion 134-5. Taking Conrady’s average numbers for the atomic 
specific refractions (D-line), C,,H,, with six ethenoid linkings 
requires [Rz] 133-7. 

I have also determined the heat of combustion in a Mahler bomb, 
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and obtained in two experiments, the numbers 4,388 and 437953 


molecular gram-calories, respectively. 

Hydrogenation of Spinacene.—Since in my earlier experiments, the 
amount of spinacene available was small, and the saturated hydro. 
carbon was not obtained pure, I have prepared a further quantity. 
Dried hydrogen was passed as before through spinacene heated at 
about 200°, using active platinum black as the catalyst, and at the 
end of about fifty hours complete saturation was obtained. After 


the removal of the platinum, the resulting oil was distilled, when § 


practically the whole boiled between 280—281° (corr.)/24 mm, 
The fraction so obtained was a colourless, slightly viscous liquid, 
completely devoid of odour (Found: C= 85-25; H = 14-77. 
CogH go requires C = 85-29; H = 14-71 per cent.). It was optically 
inactive. 

The density of the hydrocarbon at 15°/15° = 0-8144, and at 
20°/20° = 0-8119. The value of nf? = 1-4532. Its specific refrac. 
tion is therefore 0-3330, and its molecular refraction 135-8. The 
theoretical number for a saturated hydrocarbon having the formula 
CopHeo is 135°5. 

Two determinations of the heat of combustion in the Mahler 
bomb gave 4,541 and 4,538 molecular gram-calories, respectively. 
The values recorded for the heats of combustion of carbon and 
hydrogen vary within somewhat considerable limits, but which- 
ever results are taken the calculated value for the heat of com- 
bustion of a normal paraffin C,g3H¢g would be considerably in excess 
of that found for the saturated hydrocarbon from spinacene, which 
is, of course, not a normal paraffin. This would appear to support 
the view of Fajans (Z. physikal. Chem., 1921, 99, 395) that saturated 
hydrocarbons with side chains have lower heats of combustion than 
the isomeric straight-chain compounds. 

It also appears that the average thermochemical value for each 
of the six ethenoid linkings of spinacene is very near the value 
obtained for compounds of lower molecular weight. I propose the 
name spinacane for this saturated hydrocarbon as indicating its 
relationship to spinacene. 

Spinacene Dodecabromide.—I have directed attention (loc. cit.) to 
the fact that not only were all the physical constants of spinacene 
in good agreement with the formula C,9H,,, but that, with one 
exception, the composition of the various compounds of this hydro- 
carbon was in better accord with that formula than with the 
formula Cy9H;9 which had previously been led to assign to it. 
The single exception to which I have referred was the dodeca- 
bromide. I did not, however, attach very great importance to 
this discrepancy inasmuch as the action of bromine on spinacene 
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js very complicated, and it seemed possible that the compound 
[ had analysed might not have been entirely homogeneous. In 
order to clear up this point I have prepared a further and larger 
quantity of the dodecabromide in the manner already described. 

When bromine is allowed to react with spinacene in ether 
solution, several successive crops of crystalline material can be 
obtained. In my earlier work, no steps were taken to separate the 
compound which crystallises out within, say, an hour of the 


| addition of the bromine, from that which separates on standing 


for a longer time. In the present case, however, the crystalline 
material separating during the first hour was filtered off, washed 
with ether, and purified by repeated crystallisation from a mixture 
of tetrachloroethane and alcohol. The percentage of bromine rose 
from 70-0 in the original preparation to 70-88 after two recrystal- 
lisations, at which point it remained constant. 

As CypH;9Bry. requires Br = 70-07 and C, H,,Brj,. requires 
Br = 70-79, it will be seen that the dodecabromide contains almost 
exactly the amount of bromine required for the lower formula, 
and therefore comes into line with all the other compounds of 
spinacene. This experiment, therefore, removes the last remaining 
doubt as to the formula of the hydrocarbon. 

Oxidation of Spinacene.—Many attempts were made to oxidise 
spinacene in the hope that products might have been obtained 
which would :hrow some light on its constitution. Among the 
oxidising agents chromic acid, potassium permanganate in acid 
and in alkaline solutions, potassium permanganate in acetone 
solution, nitric acid, oxygen in the presence of a catalyst, benzoyl 
peroxide, and hydrogen peroxide were tried. 

An interesting point in connexion with these experiments was 
the remarkable stability shown by spinacene to the majority of 
the above oxidising agents, notwithstanding its highly unsaturated 
character. Thus, aqueous solutions of chromic acid appeared to 
have no effect on spinacene until their concentrations reached a 
point at which the destruction of the hydrocarbon occurred. The 
same behaviour was exhibited by permanganate, both in acid and 
in alkaline solutions. In the presence of alkali the permanganate 
acted more readily than in acid solution, and a little acetone 
together with a trace of some fragrant ketone was obtained. The 
great bulk of the hydrocarbon, however, remained either unacted 
upon, or was completely destroyed, according to the concentration 
of the permanganate. The addition of powdered potassium per- 
manganate to an acetone solution of spinacene failed to give more 


encouraging results. 
Action of Nitric Acid.—In a previous communication (loc. cit.), 
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I pointed out that with nitric acid spinacene appeared to undergo 
nitration and oxidation simultaneously. Fresh experiments have 
confirmed that observation, and have incidentally afforded g 
further example of the stability of the hydrocarbon. Spinacene 
can, in fact, be dissolved in a mixture of equal parts of strong 
sulphuric and nitric acids without any apparent decomposition or 
evolution of nitrous fumes, provided the temperature of the mixture 
be not allowed to rise too high during the addition. 

On pouring the products of the reaction into water, a large yield 
of a yellow substance was obtained, very similar in its composition 
and general character to that obtained previously by the action 
of dilute nitric acid alone. Whether this consists of a single 
substance or a mixture of substances is not at present known. 

Action of Benzoyl Peroxide.—When benzoyl peroxide was added 
to a solution of spinacene in glacial acetic acid, a vigorous reaction 
occurred on warming, and on pouring into an excess of ammonia a 
white amorphous oxidation product was obtained. Inasmuch as 
subsequent experiments showed that this was very similar in 
character to the product formed by the action of hydrogen 
peroxide, and as the latter method presented certain advantages, 
the benzoyl peroxide reaction was not further studied. 

Action of Hydrogen Peroxide.—The strongest solutions of hydrogen 
peroxide commercially obtainable are without action on spinacene. 
In the absence of water, however, oxidation readily occurs. 
To a solution of 100 volume hydrogen peroxide sufficient 
acetic anhydride was added to react with the whole of the 
water present. This solution (230 c.c.) was added little by little 
to a hot solution of spinacene (35 c.c.) in glacial acetic acid (75 c.c.). 
An immediate reaction occurred with the development, as a rule, 
of sufficient heat to maintain the temperature of the liquid at the 
required point. Occasionally, however, it was found necessary 
to apply a little external heat. When the reaction following the 
addition of the last portion of the oxidising solution had subsided, 
the liquid was heated for about ten minutes, and the solution after 
cooling was then poured slowly into a solution of sodium hydroxide, 
containing considerably more alkali than was necessary to neutralise 


the whole of the acid. The precipitate which formed consisted | 


of a white, amorphous substance. This was separated, washed as 
completely as possible with ice-cold water, and dried in an exhausted 
desiccator over sulphuric acid. The dried product was then ground, 
washed once more with ice-cold water, and dried as before to a 
constant weight. 

As it was subsequently discovered that caustic alkali had some 
action on the oxidation product, a large volume of iced water was 
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substituted for the alkaline solution. This had the further 
advantage of yielding a more granular precipitate and one which 
could be more easily handled. 

Three different preparations gave the following results : C = 64°8, 
64:7, 649; H=9-4, 94, 93. O,,H,.O, requires C = 648; 
H = 9°6 per cent. When this compound was dissolved in glacial 
acetic acid and again treated with hydrogen peroxide, it was 
recovered in a somewhat whiter condition, but its composition 
remained unaltered. It would appear, therefore, that this is a 
definite end product of the oxidation by this means. 

Products containing less oxygen were isolated in some instances, 
but these were obviously mixtures with intermediate compounds. 
This substance is white, resinous, and insoluble in water. It has 
no sharp melting point, but begins to soften at about 40°, with 
decomposition. Owing to its marked tendency to form colloidal 
solutions, molecular weight determinations by the cryoscopic 
method were in all cases too high. In glacial acetic acid, for example, 
results indicating about 600 were obtained, but in benzene, in 
which the solutions were more markedly colloidal, results were 
obtained as high as 850. The formula given above requires 
M = 500. This behaviour is very similar to that observed in 
the case of attempts to determine the molecular weight of abietic 
acid in the above two solvents. 

Having regard to the method of preparation of this substance, 
it was thought desirable to examine it for the presence of acetyl 
groups. These were found to be absent. It is saturated, and 
appears to be in the nature of an organic peroxide. The peroxide 
properties, however, are not very strongly marked since, although 
the compound liberates iodine from potassium iodide, the quantity 
so liberated is not sufficient to account for even one normally 
reacting peroxide group. In this respect it resembles many typical 
autoxidation products (Engler and Weissberg, “ Vorginge der 
Autoxydation ”’). 

It would also appear to resemble very closely, if not to be 
identical with, the solid product formed when spinacene is exposed 
to air. Direct measurements showed that spinacene in these 
circumstances is capable of uniting with about 25 per cent. of 
its weight of oxygen. As in the case of linseed oil, however, volatile 
products are formed at the same time, so that the true oxygen 
absorption is really somewhat greater than that actually measured. 
Moureu and Dufraisse (Compt. rend., 1922, 174, 258) made the 
interesting observation that certain substances, notably quinol, 
even when present in traces, have the effect of preventing the 
atmospheric oxidation. of certain unsaturated compounds, I 
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thought, therefore, it might be desirable to ascertain how spinacene 
would behave. When little more than a trace of quinol was added 
to spinacene, and the latter exposed to an atmosphere of oxygen, 
the weight remained practically constant, showing that there had 
been no absorption of oxygen. At the end of several months, the 
spinacene was as fluid as at the commencement of the experiment, 
whilst in a control experiment, the spinacene had become converted 
into a solid oxidation product at the end of a few weeks. 

Although spinacene itself is very resistant to the action of most 
oxidising agents, the oxidation product above described readily 
undergoes further oxidation when treated with permanganate, 
especially in the presence of a little alkali. Thus, when it was 
treated gradually with an aqueous solution of potassium per. 
manganate (1 per cent.) and vigorously shaken, oxidation readily 
occurred. When the reduction of the permanganate became slow, 
the oxides of manganese were filtered off, and the clear filtrate 
was concentrated and acidified with very dilute hydrochloric acid. 
A white, granular precipitate formed, which when washed and 
dried over sulphuric acid in an exhausted desiccator had the 
following composition (average of four closely agreeing analyses 
of four different preparations): C = 65°62; H=9°79. C,;H,,0, 
requires C = 65°78; H = 9°65 per cent. This substance, which 
proved to be an acid, was prepared from a number of different 
preparations of the peroxide product, and the analytical results 
in all cases agreed very closely. It may, therefore, I think, be 
regarded as a definite compound. Its molecular weight was 
difficult to determine by the cryoscopic method, the results of 
several determinations ranging from 400 to 500. C,;H,,0, requires 
M = 456. Attempts to determine the molecular weight by 
titration with standard alkali tended to confirm the above mole- 
cular weight, but definite results were difficult to obtain owing to 
the fact that the acid is acted upon by an excess of alkali. When 
the peroxide oxidation product is allowed to stand in contact with 
aqueous alkali it undergoes decomposition with the formation of 
an acid, which could not, however, be obtained in a condition pure 
enough for analysis. 

Decomposition of Spinacene by Heat.—The results obtained by 
distilling spinacene under a pressure of about 45 mm. in the presence 
of a small quantity of metallic sodium have been described (loc. 
cit.), and this experiment has been repeated. As before, a great deal 
of polymerisation occurred, but the main product distilling over 
consisted of a cyclodihydroterpene, having properties closely agreeing 
with those of the compound previously described. Many attempts 
were made under varying conditions to prepare a definite bromine 


CHAPMAN : SPINACENE : ITS OXIDATION AND DECOMPOSITION. 775 


derivative of this hydrocarbon, but in every case an oil was 
obtained from which crystals did not separate even on long stand- 
ing. Inasmuch as the sodium appeared to bring about so much 
polymerisation, I endeavoured to secure decomposition of the 
spinacene by heat in another manner. To this end, the spinacene 
was distilled from a Wurtz flask with a long and wide neck. In 
this neck there was suspended a small grid of fine platinum wire 
which could be kept at any required temperature by means of an 
electric current. In this apparatus the spinacene could be distilled 
under any required pressure and the vapours compelled to pass 
over the heated platinum surface. In practice, it was found best 
to maintain the pressure in the flask at about 45 mm. and to keep 
the platinum grid at a dull red heat throughout the experiment. 
A U-tube containing high-boiling liquid paraffin, and surrounded 
by a freezing mixture, was introduced into the condensing system 
after the ordinary water condensers, and arrangements were also 
made for collecting gaseous products. 

The product, condensed by the water condenser, consisted of a 
yellow, mobile liquid, more than half of which was found to be 
distillable with steam, the remainder consisting chiefly of unchanged 
spinacene. The steam-distilled portion was submitted to fractional 
distillation under reduced pressure, and was found to consist 
almost entirely of a substance boiling at 79—83°/33 mm. (Found : 
C= 867; H=13:2. C,9H,, requires C = 87:0; H = 13-0 per 
cent.). This hydrocarbon consists of a yellow liquid having a 
smell strongly suggestive of the lower olefines. Inasmuch as the 
yellow colour persists after steam distillation and other methods 
of purification, it would appear to be a constitutional property. 
The possibility, however, of the presence of a small proportion of 
some highly coloured hydrocarbon is not entirely excluded. It 
boils at 160—167°/750 mm., the liquid becoming discoloured, and 
ultimately viscous owing to polymerisation. It is optically inactive. 

A molecular-weight determination in benzene gave the following 
results : 0°4683 in 13°568 benzene gave At = — 1:265°. M = 136. 
CioH,, requires M = 138. It has d}§ 0°8025 and d38 0-8008, 
n> 1:4606 and n° 1:4584. Its specific refraction, calculated by 
the n? formula, is 0°341, and the molecular refraction 47:1. Taking 
Conrady’s average numbers for the atomic specific refractions 
(D-line), C,9H,, with two ethenoid linkings requires 47°5. 

A determination of the amount of iodine with which this compound 
is capable of uniting gave a value of 347, the theoretical number 
for C,9H,, with two ethenoid linkings being 368 parts per cent. 

Bromine absorption estimations were also made, and it was 
found in a number of experiments that the values corresponded 
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with an addition of between three and four atoms of bromine for 
each molecule of the hydrocarbon. It will be seen, therefore, that 
this hydrocarbon has the properties of a diolefine, whilst the 
hydrocarbon obtained by heating spinacene in the presence of 
sodium is a cyclo-compound of the same molecular formula. The 
bromine estimations, as well as the other results, appear to indicate 
that it is not easy to obtain either of these two compounds in a 
quite pure condition, but that each is very apt to contain a little 
of the other. There can, I think, be very little doubt that they 
are closely related, but attempts to convert the olefinic hydro- 
carbon into the cyclo-compound have not, so far, been successful. 

Bromine Derivative-—The hydrocarbon was dissolved in five 
times its weight of a mixture of ether (4 parts) and amyl alcohol 
(1 part). A solution of bromine in the same mixed solvent was 
added slowly, and the liquid kept cool in a freezing mixture. After 
standing for twelve hours, the greater part of the solvent was 
allowed to evaporate at the ordinary temperature. When the 
remaining liquid was allowed to stand, crystals formed slowly 
and after a time a dense oil separated. The yield of this crystalline 
compound was very small, and whether crystals are obtained or 
not appears to depend very much upon the precise conditions 
under which the experiment is carried out. The colourless crystals 
obtained by recrystallising from a mixture of ether and amyl 
alcohol and drying to constant weight in an exhausted desiccator 
over sulphuric acid melted at 136° (corr.) (Found: Br = 69°64. 
C,9H,,Br, requires Br = 69°87 per cent.). 

A molecular-weight determination in benzene was made : 

0°1904 in 10°6917 benzene gave At= —0°195°. M = 456. 
CoH, ,Br, requires M = 458. 

In the fractional distillation of the products from which this 
olefinic hydrocarbon was obtained there occurred a small fraction, 
boiling under atmospheric pressure between 40° and 50°, and on 
distilling the high boiling paraffin, used for trapping low-boiling 
compounds formed during the decomposition of the spinacene by 
heat, a larger quantity of a fraction, boiling within the same range 
of temperature, was obtained. 

On further distillation, this was resolved into two fractions, 
one boiling under atmospheric pressure at 40—45°, and the other 
at 45—50°. These had d3% 0°6800 and 0°6846, respectively, and 
ni® 14170 and 1°4186. The specific refraction of the lower of the 
two fractions (b. p. 40—45°), calculated by the n* formula, = 0°371. 
The calculated specific refraction of isoprene (C;H,) = 0-360, and 
of amylene (C;H49) = 0°354. 

As neither of these fractions appeared to consist of a single 
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compound, and as the physical properties and the numbers given 
on analysis were very similar, it was decided to mix them together 
for purposes of further examination. The following are the results 
of analyses (Found: C = 87:20, 87:19; H = 13°20, 13:20. O,;H, 
requires C = 88°2; H=11°8. C,;H,9 requires C = 85°7; H = 14°3 
per cent.). 

A molecular-weight determination in benzene gave the following 
results : 

0°1955 in 13°799 benzene gave At = — 0°948°. M=74. (C;H, 
requires M = 68. C;H,, requires M = 70). 

A determination of the iodine absorption by the Wijs method 
gave a value of 344, the theoretical number for C;H,) with one 
ethenoid linking being 362. The calculated value for isoprene, 
on the other hand, is 741, but it has recently been shown by Faragher, 
Gruse, and Garner (J. Ind. Eng. Chem., 1921, 13, 1044) that the 
number actually obtained with isoprene by the Wijs method is 
382. The iodine value is not, therefore, very conclusive in regard 
to the presence or absence of some C;H, hydrocarbon in this 
fraction. These results appear to indicate that this fraction con- 
sists of one or more of the amylenes with a proportion of some 
C;H, hydrocarbon, probably isoprene. 

In addition to the above substances formed during the decom- 
position of spinacene by heat, a certain amount of gas was collected. 
This gas, on analysis, was found to contain about 75 per cent. of 
unsaturated (olefinic) and about 25 per cent. of saturated (paraffin) 
hydrocarbons. The composition, however, varied somewhat accord- 
ing to the precise conditions of the experiment. 

Of the two C,9H,, hydrocarbons resulting from the decomposition 
of spinacene by heat, the cyclo-form, at least, has undoubtedly 
been obtained in a nearly pure condition. For purposes of identi- 
fication, therefore, considerable reliance may safely be placed upon 
the correctness of its physical properties as recorded in my previous 
communication. In that communication I expressed the opinion 
that this hydrocarbon might prove to be cyclodihydromyrcene or 
cyclolinaloolene. Recent work has shown that these two hydro- 
carbons may be identical, but whether that is the case or not, 
the hydrocarbon obtained from spinacene differs from either, since 
it does not yield any levulic acid or other keto-acid on oxidation. 

On the other hand, its physical properties agree very closely 
with those assigned by Wallach (Annalen, 1908, 369, 34) to certain 
cyclohexane derivatives containing a semi-cyclic double linkage. 

The following are three of the compounds of this series, together 
with their chief physical properties, which the hydrocarbon from 
spinacene most closely resembles. Under (4) I have given, for 
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purpose of comparison, the corresponding numbers for the spinacene 
hydrocarbon : 


(1) (2) (3) (4) 


ie 
cucu, cH, S=cH-G,H, (~ =060 
CD=CHOH, CHC >= CGH, Ve Noe, 
B.p. ... 170—173° ae oa 
D. ...... 0-814 at 19° 0-815 at 19° 0-825 at 21° 0-813 at 20° 
M, ... 46-35 46-28 46-25 46-31 
a. (cale. ) 45-8 45-8 45-8 45-8 


Preliminary experiments have shown that among the oxidation 
products of this hydrocarbon a little acetone occurs, but the amount 
is far too small to correspond with the presence of an isopropyl 
grouping and the third of the above formule may therefore be 
rejected. When oxidised with fuming nitric acid, a product was 
obtained having properties closely resembling those of methyl- 
adipic acid, but this has not yet been obtained in a state of purity, 
and the experiments are proceeding. If, as seems very probable, 
the cyclo-compound has the second of the above formule, and 
making the further assumption, which appears to be justifiable, 
that there is a simple relationship between it and the olefinic 
hydrocarbon, the latter ee rs have the following formula : 
JOU 
CH,-Ct "\ c= 08 CH,-CH,. 

CH, —CH, 
That this hydrocarbon is not dihydromyrcene is shown, not only 
by the fact that its tetrabromide melts at 136° whereas the corre- 
sponding derivative of dihydromyrcene melts at 88°, but by the 
differences in their densities. In the absence of definite knowledge 
as to its constitution, I suggest for this hydrocarbon the name 
heparene as indicating its origin (hepar = the liver). 


Constitution of Spinacene. 

Of the products obtained from spinacene when decomposed by 
heat as described in this paper, from 45—50 per cent. consists of 
the olefinic hydrocarbon heparene. From this it is highly probable 
that the spinacene molecule contains two of these C,9H,, com- 
plexes. That being the case, the constitution of spinacene may be 
provisionally represented in the following manner : 

CH,°CH,°CH:C(CH;)-CH,°CH,°CH-CH, 
CH=.CH-C(CH;)—CH 
(H, 
CH—:CH-C(CH;)—CH 
CH,°CH,°CH:C(CH,)-CH,*CH,°CH-CH,j ! 


TION, 


cene 
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The above formula is not intended to represent anything more than 
an outline of the structure of spinacene, but it appears to explain 
satisfactorily the properties of that hydrocarbon so far as these 
are at present known. 

Certain of the properties of spinacene might, perhaps, be more 
readily explained by an alternative formula with two terminal 
unsaturated isopropyl groupings, but although such a formula is 
not entirely excluded it is, in my opinion, less probable than the 
one I have given above. 


In conclusion, I desire to express my best thanks to Mr. J. J. 
Scanlan, A.R.C.Se.I., A.L.C., for much valuable help in connexion 
with this investigation. 


LABORATORY, 8, DUKE STREET, 
ALDGATE, E.C. 3. [ Received, January 26th, 1923.] 


XCI.—The Molecular Configurations of Polynuclear 
Aromatic Compounds. Part II]. 4:6:4'-Tr- 
nitrodiphenic Acid and its Resolution into Optically 
Active Components. 


By Grorce Hatiatr CHRISTIE and JAMES KENNER. 


INASMUCH as two forms of 6 : 6’-dinitrodiphenic acid exist (Kenner 
and Stubbings, T., 1921, 119, 593), it might have been expected 
that isomeric tetranitrodiphenic acids would result from the 
nitration of these isomerides. Experiment showed, however, that 
both the dinitro-acids furnish the same tetranitrodiphenic acid 
(Christie and Kenner, T., 1922, 124, 614), and as this acid, like 
the y-6 : 6’-dinitrodiphenic acid, is also obtained by synthesis from 
the appropriate chlorodinitrobenzoic acid and is resolvable into 
optically active components, it appears to correspond to the 
y- rather than to the $-dinitrodiphenic acid. 

In the hope of supplying a further instance of the type of isomerism 
in question, it was decided to attempt the preparation of a second 
form of 4:6: 4’: 6’-tetranitrodiphenic acid. The most likely 
method of achieving this appeared to be by oxidation of 2: 4:5: 7- 
tetranitrophenanthraquinone, since the above 8-acid is obtained 
in this manner from 4: 5-dinitrophenanthraquinone. An unex- 
pected difficulty encountered in the preparation of the necessary 
tetranitrophenanthraquinone has, however, so far prevented the 
realisation of this object. 

Although, as above mentioned, tetranitrodiphenic acid is readily 
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obtained from the dinitro-acids, we found that, under similar 
conditions, 2: 7- and 4: 5-dinitrophenanthraquinones only furnish 
trinitro-derivatives, and this result was not modified when still 
more vigorous methods of nitration were employed. The reason 
for this is a matter requiring further investigation, more especially 
as the orientation of the entering nitro-group in each case is in 
accordance with anticipation, and it is not clear why the second 
benzene nucleus does not undergo nitration in the same manner 
as the first. 

The product obtained from 2: 7-dinitrophenanthraquinone is 
2:4: 7-trinitrophenanthraquinone, since the 4 : 6 : 4’-trinitrodiphenic 
acid obtained from it by oxidation furnishes the above tetranitro- 
acid on further nitration : 


a et © ton Ym. ae, * 
NOX > <_>NO, > NOX > < _)NO,—> 
\co-co” \co-co 
NO, NO, NO, 
oe oe _ fs ™ A 
NO, >—< NO, —> NOX _ NO, 
CO,H GO,H CO,H GO,H 


Exactly analogous results were obtained from the 4: 5-dinitro- 
quinone, and will be described in a future communication. 
Although the outcome of these experiments frustrated the 
purpose with which they were undertaken, 4 : 6 : 4’-trinitrodiphenic 
acid itself is of interest in connexion with the general theme of 
this series of papers. For, although there is a strong presumption 
that the isomerism of the two dinitrodiphenic acids is stereochemical 
rather than structural, more definite evidence on this point would 
be welcome, and yet is not necessarily obtainable from an examin- 
ation of 8-dinitrodiphenic acid. Thus, failure to resolve this acid 
into optically active components would be equally explicable as 
due to a plane configuration of the molecule, corresponding to the 
formula as ordinarily written, or to the acid being a cis-compound 
with a non-coplanar arrangement of its benzene nuclei, such that 
the formula exhibits a plane of symmetry. Examples of such 


CO,H 
, aa 
(L.) NO, a a ‘a / (IL) 
CO,H \_ / ae 
| 4 ‘ (0,H CO,H 
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formule are shown in (I) and (II), based, respectively, on the 
Kaufler formula for diphenyl and on one of the formule sug- 
gested by Sachse (Ber., 1888, 21, 2530) for benzene, and obvious 
modifications will suggest themselves. If, however, 4: 6: 4’-tri- 
nitrodiphenic acid be of the same type as (@-dinitrodiphenic acid, 
these alternatives would not be equivalent in respect of resolvability 
of the acid. For, owing to the dissimilarity of the two substituted 
phenyl nuclei, a cis-non-planar molecular configuration would render 
the acid resolvable, but this would not apply in the case of a plane 
configuration. The resolution of 4:6: 4’-trinitrodiphenic acid, 
which has now been accomplished, is therefore, subject to the 
reservation mentioned, evidence in favour of the view that both 
the 6 : 6’-dinitrodiphenic acids are to be represented by non-planar 
formule. These, it need scarcely be pointed out, are not neces- 
sarily, although perhaps very probably, of the same type. 

A fairly sharp resolution of y-6 : 6’-di- and of 4:6: 4’ : 6’-tetra- 
nitrodiphenic acids was accomplished by means of their brucine 
salts, but in the present instance this was by no means the case.* 
The less soluble brucine salt, derived from the d-form of the acid, 
was fairly easily obtained in the pure condition, but the l-acid 
was much more satisfactorily prepared through its quinidine salt. 
The specific rotatory powers of solutions of the respective sodium 
salts were + 156°8° and — 130°5°. 

This solution also marks a step towards the ascertainment of 
the conditions, if any, on which the existence of the non-planar 
configuration of diphenyl derivatives is dependent. Whereas the 
acids previously resolved each contained besides the two carboxyl! 
groups, two nitro-groups in the 6 : 6’-position, the acid now investi- 
gated contains only one, and this suffices to ensure the stability 
necessary for the existence of optically active forms. 

We would also direct attention to an interesting property of the 
above tri- and tetra-nitro-acids, which has doubtless beén observed 
in other cases, but, so far as we are aware, has not received the 
attention it would seem to deserve. The acids in question are 
precipitated from solutions of their salts as very viscous oils which 
only very slowly solidify, although their melting points are high. 
Solidification is hastened by inoculation, but is still slow and occurs 
more readily in the cases of the racemic than of the active com- 
pounds. The studies by Tammann of the relationship between 
temperature and the velocity of crystallisation of supercooled 


* It may be that this contrast is also an indication of a difference in type, 
because the pairs of brucine salts derived from 2- and 4-nitrodiphenic acids 
(obtained from the corresponding quinones) are also somewhat difficultly 
separable, whilst those from another synthetic acid are readily separated. 
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liquids are well known, and have an obvious bearing on our 
observations, but apparently no consideration has been given to 
molecular configuration as a possible factor in this connexion, 
It will readily be seen that a non-planar configuration of the 
molecules concerned would render the fitting together of a number 
of them to a solid ordered aggregate a somewhat intricate process, 
likely to require some time for its accomplishment, whether the 
configuration of the units in the aggregate remain the same as that 
of the original isolated molecules, or be a modified form of it. This 
will especially be so in view of the high viscosity of the liquids at 
the ordinary temperature. Perhaps also for this reason, the 
products obtained in the attempt to prepare the usual derivatives 
of 4:6:4’-trinitrodiphenic acid were viscous oils, which could 
not be induced to solidify. It is in accord with these suggestions 
that when the racemic acids are generated by oxidation in hot 
solution by a time reaction, permitting of the necessary adjust- 
ments of the separate molecules, the solid acids are at once obtained. 


EXPERIMENTAL. 
4:6:4' : 6'-Tetranitrodiphenic Acid. 

The following analytical data were inadvertently omitted from 
the previous communication. For the compound of methyl 
r-4:6: 4’: 6’-tetranitrodiphenate with benzene (Found: loss of 
weight at 130° = 8°02. C,H 90 ;.N,,4C,H, requires C,H, = 7:98 
per cent.), and with xylene (Found : loss of weight at 130° = 10°33. 
C1 gH 9012N4,3CgH 19 requires CgHy) = 10°52 per cent.). The com- 
position of these two compounds is noteworthy, since out of about 
600 ‘compounds discussed by Pfeiffer (“‘ Organische Molekul- 
Verbindungen,” Stuttgart, 1922), that of picric acid with phenol 
is the only one in which one molecule of the hydrocarbon derivative 
is associated with two of nitro-compound. 

d-4 : 6:4’ : 6’-T'etranitrodiphenic Acid—A solution, prepared at 
the ordinary temperature, of the brucine salt (2°1 grams) previously 
described in concentrated hydrochloric acid solution (60 ¢.c.) was 
repeatedly extracted with ether. The extract, after repeated 
washing with water to remove brucine and mineral acid, was dried 
and worked up in the usual manner. The viscous oil obtained 
required 32°66 c.c. of N/10-sodium hydroxide for neutralisation. 
For a 1°64 per cent. aqueous sodium salt solution so prepared, 
[«]> = + 115°. The brucine salt prepared by treating a portion 
of the solution with brucine hydrochloride melted and decomposed 
at 250° before recrystallisation, so that no appreciable racemisation 
had occurred in the processes just described. 
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The free acid was precipitated from a solution of its sodium salt 
in the form of a yellow oil, which eventually solidified. The air- 
dried material melted at 53—54°, but resolidified and again 
melted at 226—227° [Found : H,O = 11°37; equivalent = 238°9. 
CygH,OgN,(CO,H),,3H,O requires H,O = 11°54 per cent.; equi- 
valent = 238. Found: for the anhydrous acid, equivalent = 
211°7. Cy.H,O,N,(CO,H), requires equivalent = 211]. 

1-4:6:4' : 6’-Tetranitrodiphenic acid was prepared in a similar 
manner. For a 1:24 per cent. aqueous solution of its sodium 
salt, [«]) = — 116°, and the brucine salt prepared from it melted and 
decomposed at 197°. The free acid, first precipitated as a yellow 
oil, melted at 52—53°, and again at 226° [Found: H,O = 11°56. 
CyH,0,.N,,3H,O requires H,O = 11°34 per cent. Found: equi- 
valent of the anhydrous acid = 210°3. C,,H,O,N,(CO,H), requires 
equivalent = 211]. 


2:4: 7-Trinitrophenanthraquinone. 


2 : 7-Dinitrophenanthraquinone (10°5 grams) was heated on the 
water-bath with nitric acid (50 grams, d 1°5) and sulphuric acid 
(60 grams) for fourteen hours. When the solution was poured on 
to ice (200 grams), a precipitate (7°7 grams) was obtained, whilst 
partial neutralisation of the liquors caused a further quantity 
(‘4 grams) to separate. The product, after drying on porous 
earthenware, crystallised from benzene in shining, yellow, hexagonal 
prisms, m. p. 203° (Found: loss of weight at 130° = 19°05; 
N= 10°26. C,,H;0,N3,C,H, requires C,H, = 18°53; N = 9°98 
per cent.). The trinitro-quinone has the same melting point when 
freed from benzene, but its compound with xylene melts first at 
125°, and again at 202—203°. By treatment of the quinone with 
cold 2N-sodium hydroxide solution, it is converted into a black, 
flocculent mass, probably owing to its conversion into trinitro- 
dipheynleneglycollic acid (compare Schmidt and Bauer, Ber., 1905, 
38, 3737). 

When the above nitration was performed at 150—160°, the 
trinitro-quinone was again produced, but in one experiment was 
accompanied by a very small quantity of a product, m. p. 261°, 
sparingly soluble in benzene. Again, after the dinitro-quinone 
(1 gram) had been boiled with nitric acid (13°5 c.c., d 1:5) and 
sulphuric acid (3°4 c.c.) for two and a half hours, it was recovered 
unchanged. 


r-4 :6:4'-Trinitrodiphenic Acid. 


2:4: 7-Trinitrophenanthraquinone (10°5 grams) was boiled for 
one hour with a solution of potassium dichromate (40 grams) and 
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sulphuric acid (36 ¢c.c.) in water (520 c.c.). The acid so produced 
was purified by solution in dilute ammonia. On reprecipitation 
with dilute sulphuric acid, a yellow oil was obtained, which slowly 
solidified to a colourless solid, m. p. 289° [Found: N = 11°16; 
equivalent = 189°4. C,,H;O,N;(CO,H), requires N = 11°16 per 
cent.; equivalent = 188°5]. 

Attempts to characterise the acid by means of methyl and ethy] 
esters, its chloride, and its amide led in each case to oily products. 

The orientation of the acid was proved by its further nitration 
with fuming nitric acid (5 parts) and sulphuric acid (6 parts) for 
twelve hours at 100°. The 4:6: 4’: 6’-tetranitrodiphenic acid, m. p, 
284°, so produced was further identified by its equivalent (214-3), 
and ethyl ester, m. p. 123°, and direct comparison of the acid and 
ester with those previously described. 

Resolution of r-4:6:4'-Trinitrodiphenic Acid.—By fractional 
crystallisation of the brucine salt of the racemic acid from water, 
the less soluble salt was obtained in a state of purity without much 
difficulty, but the more soluble salt was less easy to purify, and 
this was not pursued further when it was found that the quinidine 
salts (prepared from quinidine, of which [«]!® = + 253°0° for a 2 
per cent. absolute alcoholic solution) were more suitable for the 
purpose. 

Brucine d-4 : 6 : 4'-trinitrodiphenate consists of colourless, flat 
plates with rounded edges, m. p. 289—240° (decomp.), of which 
one part is soluble in about 1700 parts of cold water. For a 1 per 
cent. solution in 10N-acetic acid, [«]) = — 20°79° (Found : H,O = 
2°32. CgoH;90,,N,,14H,O requires H,O = 2°28 per cent. Found: 
for the anhydrous material dried at 130°, N = 8°56. Cg 9H;,0,,N; 
requires N = 8°41 per cent.). 

Quinidine d-4 : 6 : 4’-trinitrodiphenate, 

C14H,0j0N3,CosHa,N05,3 EtOH, 
separates from absolute alcohol in clusters of hexagonal prisms, 
frequently truncated, m. p. 229° (decomp.). For a 0°71 per cent. 
solution in chloroform, [«]}® = — 191:1° (Found: EtOH = 2°43. 
C3,H3,0,.N;,sEtOH requires ELOH = 2°20 per cent. Found : for 
the material dried at 130°, N=9°81. (C,,H;,0;.N; requires 
N = 9°57 per cent.). 

Quinidine 1-4 : 6 : 4’-trinitrodiphenate, 

C,H 01 9N3,Co9H.40.N.,2EtOH, 
crystallises from absolute alcohol in stout, rhombic prisms, m. p. 
176° (decomp.). For a 0°71 per cent. solution in chloroform, 
[a}i® = + 56:04° (Found: EtOH = 8°55. C,,H,0,,N;,2EtOH 
requires EtOH = 8°24 per cent. Found: for the material dried 
at 130°, N= 9°51. C,,H,,0,.N; requires N = 9°57 per cent.). 
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d-4:6:4'-Trinitrodiphenic acid, C,,H;O,N,(CO,H),, prepared 
from the brucine salt as described in the cases of the active tetra- 
nitro-acids, was a yellow oil, which solidified after several weeks to 
minute prisms, m. p. 281—282° (decomp.). For a 1°50 per cent. 
aqueous solution of the sodium salt, [«]!® = + 156°8°. A somewhat 
less pure sample of the acid was titrated [Found : equivalent = 189°5. 
(,2H;O,N;(CO,H), requires equivalent = 188°5]. For a prepar- 
ation from the quinidine salt, a 1°27 per cent. aqueous solution 
of the sodium salt showed [«]!® + 143:1°. 

|-4:6:4'-Trinitrodiphenic acid, C,,H;0,N,(CO,H)., from the 
quinidine salt, remained in the oily condition for several weeks, 
and had not solidified at the time of writing this paper. For a 
0'49 per cent. aqueous solution of the sodium salt, [«]i® = — 130°5°. 


One of us (G. H. C.) expresses grateful acknowledgment of a grant 
from the Department of Scientific and Industrial Research which 
has enabled him to participate in this work. Further, we wish 
to thank Dr. P. C. Austin for the gift of some phenanthraquinone, 
and the Research Fund Committee of the Chemical Society for a 
grant towards the expenses of this investigation. 
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XCII.—Heteromorphism of Calcium Carbonate. 
Marble, Synthetic and Metamorphic. 


By Maurice CopisaRow. 


CaLcium carbonate occurs in nature in a multitude of forms, which 
represent practically all transition stages between the crystalline 
and the amorphous state. Whilst generally calcium carbonate 
occurs in the anhydrous condition, hydrated forms are also known, 
namely, CaCO,,5H,O, termed hydrocalcite in this paper (Salm- 
Horstmar, Pogg. Ann., 1835, 35, 515; Scheerer, ibid., 1846, 68, 
382; Rammelsberg, Ber., 1871, 4, 569; Pfeiffer, Arch. Pharm., 
1879, [iii], 15, 212), and CaCO,,3H,0, which may be regarded as 
sub-hydrocalcite (Iwanoff, Z. Kryst. Min., 1908, 44, 87).* . 

The investigations of Rose (Pogg. Ann., 1837, 42, 354; 1838, 
43, 43), Vater (Z. Kryst. Min., 1893, 21, 433; 1895, 24, 366; 1899, 


* Ktypeite (Lacroix, Compt. rend., 1898, 126, 602) and conchite (Kelly, 
Sitzungsber. Bayr. Akad. Miinchen, 1900, 30, 187; Jena Z. Naturw., 1901, 35, 
429) can scarcely be regarded as polymorphic forms distinct from calcite and 
aragonite (Vater, Z. Kryst. Min., 1901, 35, 166; Brauns, N.J. Zentralb., 1901, 
134). 
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30, 295), Adler (Z. angew. Chem., 1897, 431), Stocks (J. Soc. Chem. 
Ind., 1902, 21, 527), and Meigen (Jahrb. Min., 1903, II, 19; 
Ber. Naturf. Ges. Freiburg, 1903, 13, 40) showed that the separation 
of calcium carbonate in the form of precipitated chalk, calcite, and 


aragonite depends on (1) concentration of solution, (2) temperature, | 


(3) velocity of separation, and (4) solvent medium. 


The formation of hydrocalcite and probably of sub-hydrocalcite is | 
conditioned by similar experimental factors (Becquerel, Ann. 
Chim. Phys., 1833, 47, 9; Pelouze, ibid., 1833, 48, 301; Compt. | 
rend., 1865, €0, 429; Roth, Pogg. Ann., 1855, 95, 172; J. pr. Chem., | 
1855, 65, 253; Hunt, Amer. J. Sci., 1866, [ii], 42,49; Bondonneau, | 


Bull. Soc. chim., 1875, [ii], 23, 100). 


In respect to these transformations the present investigation | 


revealed the following facts : 


I. The formation of hydrocalcite, calcite, aragonite, and precipi- | 
tated chalk by the double decomposition of alkali carbonates and | 
soluble calcium salts is accomplished in stages—diffusion, solution, | 
gelatinous form, and solid. The final form of the solid depends on | 


the general experimental conditions. 


II. The gelatinous phase obviated by slow diffusion may, under 


favourable conditions, be prolonged practically indefinitely. 


This gelatinous form of calcium carbonate, which exists in an — 


aqueous medium, although not without certain features in common 
with colloidal calcium carbonate prepared in methyl alcohol 
(Neuberg and Rewald, Biochem. Z., 1908, 9, 545; Z. Chem. Ind. 
Kolloide, 1908, 2, 354), has certainly a shorter range of existence, 
and can be less definitely characterised than the latter. 

On the basis of experiments described below, the gelatinous form 
of calcium carbonate may be regarded as unorientated molecular 
aggregates of hydrocalcite (CaCO,,5H,O) formed in the course of 
a forced transformation of the initial liquid magma into hydro- 
calcite. 


Kom 


III. The effect of pressure, other conditions being equal, was © 
found to result in the formation of crystalline instead of amorphous | 
forms of calcium carbonate. Other aspects of the influence of | 


pressure will be discussed at a later stage. 

IV. In the study of the interaction of soluble calcium salts and 
alkali carbonates no indication of the formation of double salts of 
the type of halite and gay-lussite was found. 

In the course of this work a new synthesis of marble was evolved 
which gives a new aspect to the metamorphosis of this substance, 
an aspect not only distinct from, but also opposed to, the existing 
igneous theory of its geological formation. Marble was first pre- 
pared synthetically by Hall (Trans. Roy. Soc. Edinburgh, 1801— 
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1806) by uncontrolled furnace heating of precipitated chalk or 

wdered limestone in a securely closed gunbarrel (see also Bucholz, 
Neues allgemein. J. Chem., 1803, 1, 271). These results, which 
were substantiated by Rose and Siemens (J. pr. Chem., 1863, 88, 
956), Becker (Min. petr., 1885, [ii], 7, 122) was unable to repeat. 
Data now available show that the experimental conditions of 
Hall’s synthesis of marble were drastic in the extreme, Le Chatelier 
(Compt. rend., 1892, 115, 817) and Joannis (ibid., p. 934) having 
found that the fusion point of calcium carbonate in a closed steel 
bomb lies just below that of gold at a pressure of 1000 kilos. per 
square centimetre. Boeke (Z. anorg. Chem., 1906, 50, 244) found 
no indication of fusion on heating calcium carbonate at 1400° under 
a pressure of 30 atmospheres of carbon dioxide. Only partial 
dissociation, and partial conversion to a marble-like substance, 
could be observed. 

This transformation of calcium carbonate into marble led to the 
igneous theory of the geological formation of the latter, according 
to which the metamorphosis resulting in the production of marble 
is regarded as having been brought about by the incursion of molten 
granite and other analogous igneous rocks into beds of limestone, 
the heat and pressure so provided converting the latter into marble. 
The assumption, on the basis of Hall’s work (loc. cit.), of a very high 
temperature and comparatively low pressure (22—30 atmospheres), 
as the representation of characteristic conditions of the geological 
formation of marble, is open to the following objections : 

I. The condition of temperature and pressure cannot be regarded 
as a decisive criterion, for at high pressure and low temperature 
(Spring, Bull. Akad. roy. Belg., 1895, [iii], 30,320; Becker, Hertzog, 
Jancke, and Polanyi, Z. Physik, 1921, 5, 61), even more readily at 
moderately high temperature (Adams and Nicolson, Proc. Roy. 
Soc., 1900, 67, 228), and especially at moderate temperature and 
pressure (this communication), limestone shows a definite tendency 
to be transformed into marble. 

II. Hall’s synthesis of marble was carried out in the absence 
of other substances, which is a radically unnatural process. This 
contrast acquires a special significance in the light of the work of 
Rose (Pogg. Ann., 1860, 111, 156), Bourgeois (Compt. rend., 1882, 
94,991; Bull. Soc. Min., 1883, 5, 111), and Meigen (Ber. Naturf. 
Ges. Freiburg, 1902, 13, 40) on the influence of fusible or soluble 
salts on the crystallisation of calcium carbonate. 

The igneous theory likewise does not seem to be in accord with 
certain important geological facts, thus : 

I. As a rule, granite and other igneous rocks do not, as might 
be expected on the basis of the theory, accompany marble, and in 
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the few cases where the two do occur in conjunction it is found, - 


not that the igneous rock has penetrated the marble, but that the 
latter has filled the cavities and veins of the rock. This suggests 
that the mineral is of later formation than the rock, and that the 
calcium carbonate fills the cavities of the solid rock by sedimentation. 

II. The transformation of limestone beds (to a large degree of 
fossil origin—diatoms, shells, corals, etc.) into marble under certain 
definite conditions, and the presence of organic matter even in the 
purest natural marble (8 parts per 100,000 parts of Carrara marble; 
Pollacci, Gazzetta, 1901, 32, i, 33) suggest that the marble was 
formed at a later period than the igneous rocks which occasionally 
accompany it. These facts also seem to indicate that the temper. 
ature of transformation of the various forms of calcium carbonate is 
much below that implied by either the igneous theory or Hall’s 
synthesis of marble. 

It is, of course, not impossible to find in proximity to marble 
and limestone igneous rocks of more modern formation. This 
would not, however, necessarily prove the general validity of the 
igneous theory. On the contrary, the partial conversion of lime- 
stone into deformed marble by the differential pressure of the 
molten lava would seem to be a good argument against the theory. 

In the course of this work certain facts of intrinsic interest were 
elucidated. 

I. The influence of pressure extends beyond facilitating crys- 
tallisation, in so far as it effects agglomeration of single crystals 
into compact masses, which may exhibit considerable cohesion. 

Thus the additional effect of suitable pressure exerted in con- 
junction with conditions favourable to the formation of calcite, 
results in the formation of marble. 

II. A substance which is chemically identical with natural 
marble of good quality and closely resembles it in physical properties 
is produced by (a) double decomposition of alkali carbonate and a 
soluble calcium salt at moderate temperature and pressure, and 
(6) heating powdered limestone or precipitated chalk with a con- 
centrated solution of sodium chloride in an atmosphere of carbon 
dioxide under pressure. 

These facts give a new aspect to the metamorphic transformation 
of calcium carbonate into marble. 

Solution seems to be a characteristic feature of all these trans- 
formations, combination of favourable conditions of crystallising 
medium, solvent concentration, temperature, and pressure, leading 
to the formation of marble. 

The new synthesis and the general geological study of marble 
would seem to exclude the igneous theory of its formation and 
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leave us with two possibilities as conceptions of the metamorphosis 
of marble, namely (a) sedimentation and (b) folding of rocks. 
Examination of the available facts leads to the view that the 
two possibilities are supplementary rather than alternative, and with 
certain qualifications both may be taken as joint agents in the 
production of the conditions necessary for the formation in question. 
Some of these qualifying conditions may be as follow: 
I. In the case of the sedimentation process, the metamorphosis 


' would occur only in strata which, originally or after a period of 


time, lay at a depth where a sufficiently high pressure and tempera- 
ture were attained. In the upper regions, beds of limestone would 
be produced. 

II. In the folding of rocks, the movement had to be such as to 
yield conditions of temperature and pressure, not only sufficient in 
magnitude, but also uniform in distribution. Differential condi- 
tions would result in a disruption or contortion of the mineral due 
to the twisting and twinning of the crystalline structure. That the 
movement of terrestrial rocks is not always regular, and the exerting 
pressure uniform, is shown by the occasional occurrence of deformed 
marble; the possibility is, however, not excluded of the deformation 
having been caused by the incursion of lava at some later period 
(compare the conception of marmarosis; Geikie, ‘“ Text-book of 
Geology,’’ 1882). 

Dealing with the mechanism of the formation of marble, it will 
be observed that, in both methods described below, there is a common 
feature, namely, a temporary state of solution preceding the 
separation of the solid form; also that the conditions of formation 
of marble are practically those of calcite with the additional effect 
of pressure. 

The influence of carbon dioxide and brine on the solubility of 
calcium carbonate may be seen from the following table : 


Solubility (mg. per litre) of calcium carbonate (powdered limestone). 


Water saturated with 


Temperature. Distilled water. CO, at 1 atmos. Sea-water. 
18° — — 191 
25 14-33 1100—1300 — 
50 15-04 — —_ 
100 17-19 -— --- 


(Compare Salisbury Dana, “‘ Descriptive Mineralogy,’’ London, 1892; Rosen- 
busch, ‘‘ Physiographie,”’ Stuttgart, 1905; Linck, ‘‘ Grundr. der Krystallo- 
graphie,”? Jena, 1920; Niggli, ‘* Lehrbuch der Mineralogie,” Berlin, 1920.) 


In the case of the sodium carbonate r* la calcium chloride double 
decomposition, the separation of calcium carbonate is not quantita- 
tive, some remaining dissolved in the saline medium (Berzelius, 
VOL. CXXIII. EE 
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Jahresber., 1844, 23, 106; Bewad, J. Russ. Phys. Chem. Soc., 
1885, I, 89). Such solubility may be perhaps due to the formation of 
double salts of the type CaCO,,CaCl,,6H,O and CaCO3,Na,CO,,5H,0, 
although no indication of their presence could be found. The 
separation of calcium carbonate is still more retarded in presence of 
ammonium carbonate (Fresenius, Z. anal. Chem., 1863, 2, 49). 
The formation of pearl and of mother-of-pearl is closely con. 
nected with the heteromorphism of calcium carbonate. Apparently 
the deposition takes place at the transition temperatures of hydro. 
ealcite and the anhydrous forms of calcium carbonate (hence the 
importance of latitude, sea-depth, and oceanic currents). This 
slow deposition of calcium carbonate, a result of exudation, is akin 
in certain respects to the formation of stalactite and egg-shell and 
results in the environment of organic, chiefly protein, matter in the 
formation of a compact mass, consisting of a multitude of thin 
nacreous layers of calcium carbonate. This conception is fully 
substantiated by the work of Clément and Riviére (Compt. rend., 
1922, 174, 1353) on nacreous surfaces. The underlying causes and 
general features of this gradual lamellar deposition seem strikingly 
connected with the periodicity of the Liesegang phenomenon. 


EXPERIMENTAL. 


Neuberg and Rewald (Biochem. Z., 1908, 9, 545; Z. Chem. Ind. 
Kolloide, 1908, 2, 354) found that in organic solvents, especially 
methyl alcohol, calcium carbonate could exist in the colloidal state 
practically for an indefinite period. Rose (Pogg. Ann., 1837, 42, 
354) observed an intermediate “jelly ” state in the preparation of 
precipitated chalk by the double decomposition of alkali carbonates 
and soluble calcium salts. 

To investigate the nature of this gelatinous mass and the condi- 
tions of transformation of the various forms of calcium carbonate, 
the following experiments were carried out. 


Hydrocalcite. 


Series I.—Ten per cent. aqueous solutions of sodium carbonate 
and calcium chloride were mixed in equimolecular proportions at 
21° and stirred for a moment in a glass beaker. The mixture 
formed a perfectly clear solution, which could, by rapid manipula- 
tion, be filtered without residue through a Biichner funnel. On 
standing, the solution gradually became opalescent, then turbid, 
and finally thickened, setting in the course of two minutes to a 
jelly-like mass, slightly soapy to the touch. After a time, the 
gelatinous mass broke up into a fine powder, which gradually settled 
as precipitated chalk. The primary solution and the gelatinous 
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calcium carbonate, although invariably formed, have but a tempo- 
rary existence above 18°, which is briefer the higher are the temper- 
ature and the concentration, and the more vigorous is the agitation 
of the mixture, which may be regarded as a very unstable super- 
saturated solution of calcium carbonate. 

Series II.—The solutions of sodium carbonate and calcium chloride 
were mixed at 5—6°. Again the solution gradually became viscous, 
and opaque when viewed in bulk. Examination of this gelatinous 
magma in layers $ to 1 cm. in thickness showed it to be distinctly 
translucent, the mass consisting of large, non-crystalline flocks, 
which did not lend themselves to filtration. This state is con- 
ditioned distinctly by the temperature and will persist almost 
indefinitely at 5° to 12°. Rise of temperature above 15° induced 
gradual breaking up of this gelatinous mass, with the formation 
of precipitated chalk. On stirring the gelatinous magma at a 
temperature within its range of stability, the flocks were disrupted, 
liberating some of the occluded liquid without the solid showing 
signs of settling down. Examined with a magnifying glass, the 
resultant mass was found to be unaltered, consisting of very small, 
non-crystalline, less translucent particles. This mass was filtered 
through a Biichner funnel specially made for the purpose.* 

The gently pressed residue in the Biichner funnel was white, 
opaque, amorphous, and voluminous, and much lighter than pre- 
cipitated chalk (Found : CaCO, = 49-9; NaCl = 3-1; H,O = 47-0. 
CaCO,,5H,O requires CaCO, = 52-63; H,O = 47-37 per cent.). 

The substance showed no alteration on cooling to — 10°. On 
allowing it to gain the room temperature, the mass became dough- 
like and then separated into a white, finely divided precipitated 
chalk and brine. On keeping the substance in an evacuated 
desiccator over either calcium chloride, concentrated sulphuric 
acid, phosphoric anhydride, or sodium sulphate, the desiccater 
being immersed in a bath kept at 5—7°, the substance rapidly 
shrank without becoming “ dough-like,”’ forming a fine powder 
(chalk). The same change took place, although not so rapidly, 
on keeping the substance in a desiccator connected with a suction 
pump in the absence of any dehydrating agent. 

Series I1J.—When solutions of sodium carbonate and calcium 
chloride cooled to 1° were mixed, the early stages of the reaction 
were similar to those described in Series IJ. The solution became 
opalescent after a couple of minutes’ standing, the mass becoming 


* The funnel was made of tinned iron, rather deeper than the usual 
Buchner funnel, the perforated bottom being about 9 cm. in diameter. The 
funnel was fitted with an outer jacket of the same material, whereby the 
temperature could be kept at 6—8° during the whole filtration. 
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gelatinous, but this gelatinous magma had no longer the perma. 
nent character observed in the. previous case. On keeping for four 
hours at 1—2°, the flocculent mass was gradually transformed 
into a voluminous mass of minute, feathery crystals, reflecting light. 
The transformation from the gelatinous to the crystalline state was 
attained by cooling the gelatinous magma obtained in Series II. 
The crystalline mass was filtered and gently pressed, the temperature 
being maintained at 1—2° (Found: CaCO, = 51:5; NaCl = 1:3; 
H,O = 47-2. CaCO,,5H,O requires CaCO, = 52-63; H,O = 47-37 
per cent.). 

No change was observed on cooling the crystalline product to 
— 20°. On raising the temperature above 18°, or on drying, the 
substance underwent changes similar to those described in Series II. 
The products from Series IT and III, when free from sodium chloride, 
are tasteless, and do not give the Meigen’s reaction with cobalt 
nitrate (Centralblatt, 1901, II, 1128; Wyrouboff, Bull. Soc. franc. 
Min., 1902, 25, 69). The product from Series III both in composi- 
tion and properties is identical with the substance, CaCO,,5H,0, 
found naturally and also prepared synthetically. No crystalline 
modification having the composition CaCO,,6H,O, recorded by 
Pelouze (Compt. rend., 1865, 60, 429), could be detected. It 
must be noted that in the determination of the composition of 
the substance, one is faced with two divergent difficulties : (a) at 
higher temperatures and on prolonged draining, low results were 
obtained owing to dehydration, and (6) at low temperatures and with 
a short period of draining, high values resulted owing to the diffi- 
culty of freeing the crystals of the adventitious water. The crystal- 
line substance, CaCO3,5H,O, closely resembling calcite in chemical 
properties, and similar to the calcite and the aragonite produced 
by the agency of heat, may be termed hydrocalcite. 

The crystalline substance, CaCO,,3H,0, described by Iwanoff (loc. 
cit.) and Pelouze (loc. cit.), which may be synthetically prepared by 
partial dehydration of hydrocalcite, and which is similar to the 
latter (Meigen’s reaction), may be termed subhydrocalcite. 


Slow Diffusion. 


From the experiments described above, it was evident that, 
at all stages of its transformation, the calcium carbonate was 
greatly hampered in its normal development by the considerable 
momentary concentration of its molecules in the aqueous sodium 
chloride medium at any given period. This resulted in inhibition 
of molecular orientation and consequent crystalline deformity. 
Conditions were required where practically an unlimited number of 
calcium carbonate molecules formed in situ (by double decomposi- 
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tion) gradually and unhindered move and orientate in the aqueous 
salt medium. 

These conditions were satisfactorily attained, especially at low 
and moderate temperatures, in the following manner : 

Series IV.—Solutions of sodium carbonate (7—10 per cent.) 
were allowed to run gently down the side of the beaker on to 40—50 
per cent. solutions of calcium chloride, taken in excess. The 
temperatures of the solutions were definite and constant. Owing 
to the considerable difference of density, the solutions formed two 
layers, separated at low temperatures by a thin layer of gelatinous 
calcium carbonate, which served as a diffusion membrane. 

The diffusion was found to proceed mainly upwards, the calcium 
carbonate being enveloped by a solution of sodium chloride in a 
sodium carbonate medium. On carrying out the experiment at 5° 
and allowing the diffusion to proceed at this temperature for 
twenty-four hours, the upper layer, and partly the lower, was found 
to be filled with a thick growth of well-developed crystals, fairly 
long, pyramidally pointed prisms. The saline medium was 
siphoned off, and the crystals drained and gently pressed on a 
Biichner funnel kept at 5° (Found: CaCO, = 49°7; NaCl = 3:2; 
H,O = 47:1. CaCO,,5H,O requires CaCO, = 52°63; H,O = 47°37 
per cent.). 

The substance is identical with the product obtained by Bon- 
donneau (loc. cit.) and with the product isolated in Series III, but 
owing to the difference in the size of the crystals it occludes a larger 
quantity of sodium chloride. With rise of temperature, the crystals 
became opaque (17—18°) and then decrepitated, yielding chalk and 
water. 

Calcite and Aragonite. 

On carrying out the experiments at temperatures ranging from 
20° to 36°, the diffusion resulted in the formation of a less volumin- 
ous, crystalline product, containing no water of crystallisation and 
giving no reaction with cobalt nitrate (Meigen’s reaction), and found 
to be identical with calcite. Experiments carried out at higher 
temperatures (40° and upwards) gave crystalline products, which, 
judging by the gradual increase of (1) their reactivity with cobalt 
nitrate, and (2) their density, were mixtures of calcite and aragonite, 
the proportion of calcite diminishing with rise of temperature. 
However, no aragonite, free from other forms of calcium carbonate, 
could be prepared. This is really not surprising, as the transition 
point of aragonite —> calcite is influenced not only by the time 
factor, but also by media and temperatures specific for each medium 
and concentration (Rose, loc. cit.; Bourgeois, Compt. rend., 1886, 
103, 1088; Knofler, Wied. Ann., 1889, 38, 136; Watson, Chem. 
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News, 1891, 68, 109; Adler, Z. angew. Chem., 1897, 431; Meigen, 
Jahrb. Min., 1903, 2, 19; Cornu, Oesterr. Z. Berg. Huttenw., 
1907, 55, 598; Barlow and Pope, T., 1908, 93, 1528). 

The difficulty of controlling the formation of pure forms of calcium 
carbonate at high temperatures is greatly increased by the rapid 
currents which, disturbing diffusion, produce ultimately precipitated 
chalk. The conditions of transformation of calcite —-> aragonite 
having already been studied in detail by many workers (see 
references above), no further investigation of this problem was 
deemed necessary. 

Calcite and Limestone. 

Influence of Pressure. Series V.—Owing to the impracticability 
of employing solutions for the production of calcium carbonate under 
pressure, the following method was adopted. 

A wrought-iron, thick-walled tube (12 x 2°5 cm. internal bore), 
closed at one end and fitted with a steel piston (with a lead washer), 
was filled with finely powdered anhydrous calcium chloride and 
sodium carbonate decahydrate in equimolecular proportions. The 
sodium carbonate was packed as the top layer. The tube was placed 
in a powerful hand-press, with the screw on the piston. The 
pressure was gradually increased, reaching its maximum in the 
course of six hours, this pressure being maintained for twelve 
hours. On releasing the pressure, the reaction mixture was found 
to consist of a coarse, granular powder and a solution. The powder 
was washed with cold water, dried, and found to be identical with 
calcite in the form of small, hard, crystalline granules. Calcite ina 
finer state of division was obtained on reversing the order of the 
layers, or better, employing an intimate mixture of the two salts 
taking part in the reaction. Pressure, exerted rapidly by hammering 
the piston instead of being gradually increased by means of the 
press, resulted in a product resembling powdered limestone. In no 
case could cohesion be observed. 

Influence of Heat. Series VI.—A cylindrically-shaped, narrow 
copper vessel was packed with finely powdered anhydrous calcium 
chloride and hydrated sodium carbonate. The proportions and the 
mode of packing were identical with those employed in Series V. 
The vessel was kept in an oil-bath at 210° for six hours. The hard 
product was cooled, broken up into large pieces, thoroughly washed 
with running cold water, drained, and dried. It then consisted of 
a hard, somewhat porous, granular, non-crystalline substance, 
resembling limestone in appearance and cohesion. When the con- 
ditions of mixing were modified as in series V, the product was 
found to be more porous, and consequently more brittle. 

The object of the experiments described in Series V and VI was 
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to study the effect of pressure and heat, taken separately, on the 
crystallisation and the cohesion of calcium carbonate; the experi- 
ments have no direct bearing on the formation of either calcite or 
limestone in nature. 

Marble. 

In view of the facts that (a) saline media and carbon dioxide 
represent solvents for calcium carbonate, (b) pressure conditions 
crystallisation, with a special tendency to the formation of calcite, 
and (c) high temperature facilitates formation of massive material, 
it was thought that a combination of all three conditions would 
result in the formation of marble. This expectation was subse- 
quently fully substantiated. Two methods of formation of marble 
were evolved, both of which, although quite distinct from one 
another, yet incorporate all the conditions set forth above. 

The first method, a direct process of formation of marble by double 
decomposition, may be characterised as that of chemical synthesis ; 
the second—an indirect process—is perhaps the nearest approach 
to the metamorphic formation of marble (marmarosis). 

Series VII.—Powdered anhydrous calcium chloride and hydrated 
sodium carbonate were packed in two layers, the latter substance 
forming the top layer, in an autoclave, heated in an oil-bath. The 
internal temperature was raised to 300° in the course of two hours 
and kept at 300—305° for eight hours, the pressure rising to 24 
atmospheres. The autoclave was then allowed to cool. The top 
layer, a saturated solution of sodium chloride mixed with undis- 
solved sodium chloride and some unchanged material or calcium 
carbonate, was poured off. The bottom layer was found to be a 
compact, stone-like solid. It was broken up into fairly large pieces, 
well washed with cold water, and allowed to drain and dry. The 
product was found to resemble the purest natural marble; saccha- 
roidal in structure, its fracture surface had a sparkling appearance, 
owing to the refraction of light by the crystalline facets, revealed 
by the cleavage. ‘The powdered product gave no Meigen’s reaction 
with cobalt nitrate (calcite). Although apparently non-porous, the 
product occasionally exhibited small cavities, when examined in 
cross-section. The substance acquired a magnificent polished 
surface when cut, filed, rubbed on sand and emery-papers, and 
finished off on rotating, oiled cloth and velvet pads. 

Similar products were obtained by employing hydrated calcium 
chloride and anhydrous sodium carbonate, or by using both salts 
in the hydrated condition—the order of layers being preserved. 
On reversing the order of packing, or using an intimate mixture of 
the salts, the product was found to be somewhat more porous. 

Marble of good quality was obtained when sodium bicarbonate 
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was used in place of sodium carbonate. In this case, hydrated 
calcium chloride was employed, and the pressure in the autoclave 
released on cooling to 100°. On carrying out the experiment at 
205—210°, the product was found to be of smaller cohesion. 

Series VIII.—Precipitated chalk was mixed with a saturated 
solution of sodium chloride, to form an easily stirrable paste, in an 
open autoclave. The mixture was saturated with carbon dioxide 
at room temperature, the autoclave was then sealed and heated in 
an oil-bath. The internal temperature was raised to 300° in the 
course of two hours, the pressure reaching 27 atmospheres. After 
eight hours’ heating at 300—305°, the autoclave was allowed to 
cool. The product was found to be identical in every respect with 
that described in Series VII. When finely-powdered limestone was 
used, the marble obtained showed a coloration due to the impurities 
contained in the starting material. 
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XCIII.—Heteromorphism of Calcium Sulphate. 
Alabaster and its Synthesis. 


By Maurice Copisarow. 


CaLctum sulphate occurs chiefly in conjunction with stratified rocks, 
but is occasionally met with in crystalline rocks. It is usually 
found associated with rock salt, calcium carbonate, and various 
silicates, the latter two of which influence its pseudomorphism 
(Lacroix, Nouv. Arch. Museum, Paris, 1897, 9, 201). 

Calcium sulphate occurs in the following forms :—(I) CaSO,,2H,0, 
as gypsum and alabaster; (II) CaSQ,, as anhydrite (ordinary and 
pseudomorphic); (III) 3CaSO,,5H,O, as a mineral found in Peru 
(Verh. deuts. Wiss. Ver. Santiago, 1901, 10,1); and (IV) CaSO,,H,0, 
as semihydrite, artificially prepared (van’t Hoff and his collaborators, 
Sitzungsber. Preuss. Akad. Wiss. Berlin; Extr. Arch. Neéerland; Z. 
Elektrochem.; Z. physikal. Chem.; and Ber., 1900—1905). 

The conversion of gypsum into anhydrite was studied by Mitscher- 
lich, Hoppe-Seyler, Gorgeu, and especially by Rose (Sitzungsber. 
Preuss. Akad. Wiss., Berlin, 1871, 363), Vater (ibid., 1900, 17, 269), 
and van’t Hoff (/oc. cit.). The transformation takes place under the 
influence of heat, this action being accelerated in presence of the 
chlorides of calcium and the alkali metals. Spezia (Atti R. Accad. Sci. 
Torino, 1886, 21, 912) has proved that no dehydration takes place 
by the action of pressure alone. 

Under the influence of moisture, anhydrite is converted com- 
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pletely, although not so rapidly as semihydrite, into gypsum. 
Extensive beds of anhydrite are thus altered in part or throughout 
(Bex, Switzerland). The velocity of hydration, like that of dehydr- 
ation, is influenced by the presence of other mineral salts (Rohland, 
J. Elektrochem., 1908, 14, 421; Bell and Taber, J. Physical Chem.., 
1908, 11, 632, 637; van’t Hoff, loc. cit.). The rate of hydration 
and the form of product depend on the original state of hydration. 
Anhydrite gives granular gypsum, whilst semihydrite leads to 
plaster of Paris (Schott, Dingl., 1872, 202; Knapp, ibid., p. 513; 
vant Hoff and Just, Sitzwngsber. Preuss. Akad. Wiss. Berlin, 1903, 
249). 

The results obtained by the author in the study of calcium 
carbonate (this vol., p. 785) were such as to make it desirable to 
investigate on similar lines the transformations of calcium sulphate. 
During these investigations the following observations were made : 

(1) Neither a state of temporary supersaturation, nor the gelatin- 
isation which is so characteristic a feature of the formation of 
calcium carbonate by double decomposition, could be observed in 
the production of calcium sulphate. 

This contrast seems to be due to the fact that calcium sulphate 
shows no tendency to form varieties of greater hydration than that 
of gypsum. No colloidal calcium sulphate as prepared in alcoholic 
solution by Neuberg and Rewald (Biochem. Z., 1908, 9, 541; Z. 
Chem. Ind. Koll., 1908, 2, 354) could be observed in aqueous medium. 

(2) Owing to the absence of the gelatinous membrane, the slow 
diffusion, so well defined in the case of calcium carbonate, did not 
develop satisfactorily, the whole reaction being completed within 
a few minutes with the formation of a product somewhat coarser 
than the usual impalpable precipitate. 

(3) Double decomposition (sodium sulphate and calcium chloride) 
under pressure resulted in the formation of gypsum in the form of 
coarsely granular particles. 

(4) Double decomposition at high temperature led to the form- 
ation of finely-granular, compact anhydrite. 

(5) Double decomposition at high temperature and pressure 
resulted in the formation of an alabaster-like substance of consider- 
able cohesion. It was found to be easily polishable, and on fracture 
revealed a finely-grained structure, the facets reflecting light. This 
double decomposition was carried out with either (a) hydrated 
sodium sulphate and anhydrous calcium chloride, (6) anhydrous 
sodium sulphate and hydrated calcium chloride, or (c) hydrated 
sodium sulphate and calcium chloride. 

Method (a) gave the most satisfactory result, yielding a product 
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The mechanism of the formation of alabaster * is essentially 
similar to that of marble. We may assume a momentary state of 
‘solution, pressure operating in addition to conditions which would 
ordinarily result in the formation of semihydrite or anhydrite. 

The study of the geological formation of gypsum, anhydrite, and 
alabaster shows this synthesis of alabaster to be a close approxim. 
ation to the natural process in so far as conditions are concerned, 
The actual reagents taking part in the metamorphosis have perhaps 
varied with the locality. 


EXPERIMENTAL. 


Series I.—Solutions of sodium sulphate and calcium chloride in 
equimolecular proportions were mixed together at 20°. The 
reaction showed no transition stages, the calcium sulphate (gypsum) 
coming down as an impalpable powder. Concentration of the 
solutions had but little effect on the state of division of the product. 
At higher temperatures, a less finely divided product was obtained. 

Series II.—Dilute solutions (5—7 per cent.) of sodium sulphate 
were carefully poured on concentrated solutions (40—50 per cent.) 
of calcium chloride, in the same manner as that employed in the 
case of calcium carbonate. Experiments were carried out at 
temperatures ranging from 0° to 55°. No slow diffusion, or vari- 
ation in the state of hydration of the product with temperature, made 
itself manifest in these instances. The only variations observed 
were the velocity of reaction and state of division of the gypsum, 
both of which increased with rise in temperature. The product 
obtained at 15° was finely granular and readily separable by 
filtration. 

Series III,—Finely powdered, hydrated sodium sulphate and 
anhydrous calcium chloride were placed in a wrought-iron tube and 
subjected to pressure. The order of packing and the manipulation 
were the same as those adopted in the case of calcium carbonate. 

The maximum pressure attained in the course of six hours was 
maintained for twelve hours. The viscous paste obtained was 
treated with running cold water, filtered, and dried at room temper- 
ature and ordinary pressure, yielding a coarse, crystallogranular 
gypsum (on analysis—CaSO,,2H,0), bright in appearance and show- 
ing a tendency to reflect light. 

Series IV.—A narrow copper vessel was packed with powdered, 
anhydrous calcium chloride and hydrated sodium sulphate, the 


* Modern alabaster (CaSO,,2H,O) is chemically quite distinct from the 
“alabaster”? of Theophrastus and Pliny, which was mainly or wholly 
stalagmite (CaCO;). Hence the latter is still occasionally referred to as 
“‘ oriental alabaster.” 
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latter forming the top layer, and heated in an oil-bath for eight 
hours at 205—210° (temperature of melting). The analysis of the 
cooled compact mass showed it to contain no water, thus proving 
that the dehydration of calcium sulphate in presence of sodium 
chloride is complete under conditions which ordinarily produce 
only semihydrite (van’t Hoff and others, loc. cit.). 

On treating this mass, when cold, with running water for half an 
hour, the sodium chloride and any unchanged salts were readily 
dissolved, leaving the calcium sulphate in a finely grained, porous, 
somewhat brittle, anhydrous form. Similar results were obtained 
by carrying out the experiment at 300°. 

Series V.—Equimolecular quantities of finely powdered, hydrated 
sodium sulphate and anhydrous calcium chloride were packed in 
an autoclave, the order of packing being as in Series IV. The 
autoclave was sealed and heated in an oil-bath, the internal temper- 
ature being raised to 300° in the course of two hours. The heating 
was continued for another six hours, the temperature being kept at 
300—310°; the maximum pressure attained was 12-5 atmospheres. 
The cold product was found to consist of a hard, compact mass, 
covered with a thin paste of brine, solid sodium chloride, and any 
unreacted starting material. The hard solid was broken up into 
pieces about 1-5—2 cm. in cross section, washed well with cold 
water, drained, and allowed to dry in the air. The product was 
softer than marble; on fracture, it showed a finely crystallogranular 
structure and reflected light. Analysis of the finely powdered pro- 
duct indicated the composition CaSO,,2H,O, only traces of sodium 
chloride being found. In appearance, the substance closely 
resembled alabaster, and it readily gave a fine polished surface. 
A polished specimen kept in pure cotton-seed oil at 95° for half- 
an-hour and then polished again on rotating velvet pads, assumed 
a pretty, unctuous appearance. 
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XCIV.—Reactions of Thiosemicarbazones. Part II. 
Action of Esters of a-Halogenated Acids. 


By Forsytu James WIitson and Rosert Burns. 


In Part I (T., 1922, 121, 870), an account of the reactions between 
the sodium derivative of acetonethiosemicarbazone and certain 
halogen compounds was communicated. Esters of chloroacetic 


acid yielded a y-thiohydantoin derivative of a new type, 
EE* 2 
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CMe,:N-N: oar fo , 2: 4-diketotetrahydrothiazole-2-isopropyl- 


—CH,’ 
erste yduelyeis of which with acid gave 2 : 4-diketo. 
tetrahydrothiazole by elimination of acetone and hydrazine. It 
was not found possible to remove acetone only and isolate the 
intermediate hydrazone; the cases reported in this communication 
have been more successful. 

We have now investigated the reactions between the sodium 
derivative of acetonethiosemicarbazone and ethyl «-bromopropionate, 
ethyl «-bromo-n-butyrate, and ethyl phenylbromoacetate. With 
each of these esters the product was the 2-isopropylidenehydrazone 
derivative of a 2 : 4-diketotetrahydrothiazole, the reactions, which 
were carried out in boiling alcoholic solution, proceeding according 
to the scheme 


CMe,°N-N:C(SNa)‘NH, + CHRBr-CO,Et = 


OMe, :N-N: c<o HCO 4 EtOH ++ NaBr, 


— one 
the yields being from 70 to 75 per cent. of the theoretical. 
Hydrolysis of these compounds by boiling with concentrated 
hydrochloric acid for several hours removed acetone and hydrazine 
and gave a 2: 4-diketotetrahydrothiazole, co<nr ca 
satisfactory yield. If, however, the hydrolysis was effected by boil- 
ing with 2N-hydrochloric acid for about fifteen minutes, acetone only 
<NH¢ CO 
S—CHR’ 
could be isolated as the hydrochloride. These two types of hydro- 
lysis were quite sharply distinguished in the cases investigated. 
The hydrochlorides of these hydrazones, which, it is believed, 
represent a new type of y-thiohydantoin derivatives, can be 
obtained in good yield and are well-defined, crystalline salts which 
appear to be quite stable. In aqueous solution, they reacted 
readily with benzaldehyde, giving the benzylidene derivative, 
CHPh:N-N: <<) at Attempts were made to obtain the 
free hy deciaiin from these hydrochlorides, but with unsatisfactory 
results owing to the unstable nature of the hydrazones. We 
succeeded, however, in preparing 2 : 4-diketo-5-ethyltetrahydro- 


thiazole-2-hydrazone, NH,:N: gorse ee from its hydrochloride 


, in very 


was removed and the intermediate hydrazone, NH,*N-C 


by means of sodium carbonate as a acai powder which was 
moderately stable. All the compounds described were soluble in 
aqueous sodium hydroxide. 
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These hydrazones and the 2 : 4-diketotetrahydrothiazoles contain 
an asymmetric carbon atom, and it is hoped to effect a resolution 
and to bring about the synthesis of an optically active one. We 
also propose to investigate the interaction between thiosemi- 
carbazones and esters of other classes of halogenated acids. 


EXPERIMENTAL. 
Reaction with Ethyl «-Bromopropionate. 2 :4-Diketo-5-methyltetra- 
ee CO 
—CHMe’ 
Acetonethiosemicarbazone, dissolved in boiling aniieat was treated 
with sodium ethoxide (1 mol.) in alcohol, and ethyl «-bromo- 
propionate (slightly more than 1 mol.) was added to the cooled 
solution, which was kept at room temperature for one hour and then 
boiled for half an hour under reflux. Sodium bromide was removed 
by filtering the boiling solution which, on cooling, deposited the 
tetrahydrothiazole derivative. This was recrystallised from alcohol, 
from which it separated in fine, white needles melting at 150°. 
It was slightly soluble in benzene, sparingly soluble in ether or 
water. The above method may be varied by dissolving the 
previously prepared sodium derivative of acetonethiosemicarbazone 
in alcohol, adding the ester, and then proceeding as before (Found : 
N = 22°66, 22°70. C,H,,ON,S requires N = 22°70 per cent.). 
co<t H: CO 
—CHMe’ 

above isopropylidene derivative was boiled ae reflux with 
concentrated hydrochloric acid for three hours and the solution 
then evaporated to dryness on the water-bath. The residue was 
extracted with hot benzene, and the undissolved solid identified as 
hydrazine hydrochloride by reduction of Fehling’s solution and by 
conversion into benzalazine. The benzene solution on evaporation 
gave an oil which distilled at 165—168°/20 mm.; the distillate, on 
cooling with solid carbon dioxide and ether, solidified to a crystalline 
mass which melted at 46—47°. From its properties it is evidently 
the substance already described by Wheeler and Barnes (Amer. 
Chem. J., 1900, 24, 78), who prepared it by a different method 
(Found: N = 10°64. Calc., N = 10°69 per cent.). 

2 : 4-Diketo-5-methyltetrahydrothiazole-2-hydrazone Hydrochloride, 


hydrothiazole-2-isopropylidenehydrazone, CMe..N-N-C 


2 : 4-Diketo-5-methyltetrahydrothiazole, — The 


NH,-N:C< en lt ,HCl.—The isopropylidene derivative was 


boiled with 2N-hydrochloric acid under reflux for about fifteen 
minutes and the solution, after filtration from a small quantity 
of insoluble matter, was evaporated to dryness under reduced 
pressure at 40—50°. Acetone was recognised in the distillate by 
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its odour and by the iodoform reaction. The residue, consisting 
of the hydrochloride, was a white, granular, crystalline substance 
which was slightly hygroscopic, very soluble in water, slightly 
soluble in alcohol, and practically insoluble in ether. It decomposed 
above 220°. The aqueous solution gave a precipitate of silver 
chloride with silver nitrate and nitric acid and it appeared to give 
a silver salt due probably to the tetrahydrothiazole complex, but 
this was not investigated. The substance reduced Fehlings’ 
solution on boiling (Found: N = 22°99, 23:15. C,H,ON,S,HC 
requires N = 23°14 per cent.). The benzylidene derivative was 
prepared by shaking an aqueous solution of the hydrochloride with 
benzaldehyde and recrystallising the product from alcohol, from 
which it was deposited as fine, white needles melting at 236°. It 
was slightly soluble in cold alcohol and in water (Found : N = 18°03. 
C,,H,,0N,8 requires N = 18°03 per cent.). 

It was not found possible to obtain the hydrazone itself in 
pure condition from its hydrochloride. 

Reaction with Ethyl «-Bromo-n-butyrate. 2 : 4-Diketo-5-ethyltetra- 
NH-CO a 
S-—CHEt 
This reaction was carried out in the same way as with ethyl 
«-bromopropionate. The compound was recrystallised from alcohol, 
from which it separated in fine, white, glistening needles melting 
at 116°. It was only slightly soluble in benzene, ether, or water 
(Found: N = 20°99, 20°90. CgH,,ON,S requires N = 21°11 per 
cent.). 

2 : 4-Diketo-5-ethyltetrahydrothiazole was prepared from the above 
isopropylidene derivative by boiling with concentrated hydrochloric 
acid as in the previous case. After recrystallisaticn from a mixture 
of benzene and light petroleum, it melted at 63—64° and was 
easily soluble in alcohol or benzene, less soluble in light petroleum. 
It agreed in melting point and properties with the substance 
previously prepared by Wheeler and Barnes (loc. cit., p. 76) by 
another method. 

2 : 4-Diketo-5-ethyltetrahydrothiazole-2-hydrazone hydrochloride was 
prepared by boiling the isopropylidene derivative with 2N-hydro- 
chloric acid as with the corresponding 5-methyl compound. 
It was a white, granular, crystalline solid, soluble in water, 
slightly soluble in alcohol, and practically insoluble in ether, 
and decomposed on heating at 215—220° (Found: N = 21°44, 
21:39. C;H,ON,S,HCl requires N= 21-49 per cent.). The 
benzylidene derivative was prepared in the usual way. After 
recrystallisation from alcohol, it was obtained as white, microscopic 
needles melting at 206° and was practically insoluble in ether, 


hydrothiazole-2-isopropylidenehydrazone, CMe,.N-N:C< 
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water, or cold alcohol (Found: N = 16°90. C,,H,,0N,S requires 
N = 17:00 per cent.). 

2 : 4-Diketo-5-ethyltetrahydrothiazole-2-hydrazone was prepared 
fom equivalent quantities of the hydrochloride and sodium 
carbonate in aqueous solution. After the effervescence had ceased, 
the solution was evaporated to dryness at room temperature in a 
yacuum over sulphuric acid, the residue was washed with a small 
quantity of cold water to remove sodium chloride, and analysed 
after drying in a vacuum (Found : N = 26:23. C;H,ON,S requires 
N= 26°41 per cent.). It was a white, crystalline powder, soluble 
in hot alcohol, slightly soluble in benzene, ether, or water. It 
melted at 139° and appeared to be moderately stable, becoming 
slightly yellow on keeping. 

Reaction with Ethyl Phenylbromoacetate. 2: 4-Diketo-5-phenyltetra- 

‘ , ‘ nr NHCO 
hydrothiazole-2-isopropylidenehydrazone, CMe,.N Nwe< g— d HPh’ 
was prepared by the usual method from this ester and the sodium 
derivative of acetonethiosemicarbazone. Recrystallisation from 
alcohol gave fine, white needles melting at 198—199° which were 
not appreciably soluble in benzene, ether, or water (Found: 
N= 16°89, 16°96. C,,H,,0N,S requires N = 17:00 per cent.). 

2 : 4-Diketo-5-phenyltetrahydrothiazole was obtained by hydrolysis 
of the previous compound by means of concentrated hydrochloric 
acid in the usual way. After recrystallisation from alcohol, it 
melted at 125—126° and corresponded in its properties with the 
compound prepared according to another method by Wheeler 
(Amer. Chem. J., 1901, 26, 352). 

2 : 4-Diketo-5-phenyltetrahydrothiazole-2-hydrazone hydrochloride, 
prepared from the isopropylidene-hydrazone by hydrolysis with 
dilute hydrochloric acid in the usual way, was a white, micro- 
crystalline powder which decomposed above 240°; it was rather 
sparingly soluble in cold water, soluble with difficulty in alcohol, 
and practically insoluble in ether (Found: N = 17:20, 17°15. 
C,H,ON,S,HCl requires N = 17:25 per cent.). The benzylidene 
derivative, prepared in the usual way and recrystallised from 
alcohol, formed microscopic, white, hair-like crystals melting at 257° ; 
it was only slightly soluble in cold alcohol, benzene, ether, or water 
(Found: N = 14:15. C,,H,,0N,S requires N = 14°23 per cent.). 

Attempts were made by various methods to liberate the free 
hydrazone from its hydrochloride, but a pure specimen could not 
be obtained. 


In conclusion, we wish to thank the Governors of this College 
for a scholarship which has enabled one of us (R. B.) to participate in 
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this investigation. We desire also to thank the Carnegie Trust for 
the Universities of Scotland for a grant which has partly defrayed the 
expenses of the work. 

OrGANiIc CHEMISTRY DEPARTMENT, 
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XCV.—The Application of the Hofmann Reaction to 
Substituted Carbamides. 


By Grorce Rospert EL.iorv. 


Srnce in the reaction between alkali and benzochloroamide the 
Hofmann reaction proceeds under easily controlled conditions 
(Elliott, T., 1922, 121, 202), the possibility of its occurrence with 
an N-chlorocarbamide under similar conditions has been investigated, 

The N-chloro-compounds of phenylcarbamide were selected for 
this purpose as likely to give less complex reactions than the 
analogous derivatives of carbamide itself, owing to the presence 
of the stabilising phenyl group, and the unsymmetrical structure 
of the molecule. 

According to Doht (Monatsh., 1906, 27, 213), the action of chlorine 
in excess on phenylcarbamide in cold acetic acid solution produces 
2 : 4-dichlorophenylcarbamide; whilst 2 : 4 : 6-trichloroacetanilide, 
ammonium chloride, and carbon dioxide are produced at higher 
temperatures. 

Chattaway and Chaney (T., 1910, 97, 292), without mention of 
Doht’s experiments, in a much more comprehensive study of the 
action of chlorine on phenylcarbamide in glacial acetic acid solution, 
obtained different results from those of the earlier investigator. 
By variation of the conditions, they substituted chlorine for one, 
two, or three of the hydrogen atoms attached to nitrogen, in the 
order, 

NH,°CO-NH-C,H; —> NHCI-CO-NH-C,H, —> NHCI-CO-NCI-C,H,; > 

-> NCI,°CO-NC1-C,H,; ; 

and in presence of hydrogen chloride, isomerisation of the 
—CO-NCI-C,H, group to -CO-NH:C,H,Cl occurred ; the first chlorine 
atom passes into the para-position, and subsequent atoms then 
take up the two ortho-positions. Chattaway and Chaney also 
drew the conclusion that the -CO-NHCl group was comparatively 
stable towards hydrochloric acid, but broke down in presence of 
alkali carbonates, liberating nitrogen. 

The first claim to the successful application of Hofmann’s reaction 
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to a carbamide was put forward by Schestakoff (J. Russ. Phys. 
Chem. Soc., 1905, 37, 1) when he obtained hydrazine from urea by 
the action of equivalent quantities of alkali hypochlorite and 
hydroxide. The suggested mechanism of the reaction was: 


NH,-CO-NH, *“°S NH,-C(ONa):NCl —-> NH,‘N:CCl(ONa) **°5 


NH,:NH:CO,Na —*S NH,:NH, ++ NaHC0,. 


Werner (T., 1922, 121, 2324), however, from evidence obtained in 
his investigations on the hypochlorite method of estimating urea, 
has been led to doubt whether this mechanism can be accepted 
as applying to more than a possible side reaction. 

The experiments described in the present communication tend 
to support Schestakoff’s view that the transformation is analogous 
to the Hofmann reaction. 

Chattaway (T., 1909, 95, 235) discovered that the action of 
ammonium hydroxide on dichlorocarbamide, NHCI-CO-NHCI, pro- 


duced p-urazine, code acd; he suggested that mono- 
chlorocarbamide was first formed, and under the influence of 
ammonia was then converted into the urazine by direct condensation, 
with loss of hydrogen chloride : 

ww /NHC! , NH NH:-NH~, 

CO<NH, + cypNoCco = COGNH-NH> CO + 2HCI. 
In the author’s opinion, however, the change is another instance 
of the Hofmann reaction, according to the mechanism 


NH,°C(OH)-NCL X#OF  NH,*C(ONH,):NCl —> 
NH,‘N:C(ONH,)Cl_ —» NH,:N:CO + NH,Cl. 


NH Nv - 
\ NH-NH 
CO, + CO — COMIN CO. 


As it was unlikely that the intermediate compounds could be 
isolated, support of this view seemed to require the proof that 
chlorocarbamides in general react with alkalis through intermediate 
carbimide compounds. 

The results actually obtained by the action of sodium hydroxide, 
ammonium hydroxide, or sodium ethoxide on phenylmonochloro- 
carbamide, C,H,*NH*CO-NHCI, and on mono- and tri-chlorophenyl- 
monochlorocarbamides are difficult to explain on any other assump- 
tion. For instance, the action of ammonium hydroxide on p-chloro- 
phenylmonochlorocarbamide produces p-chlorophenylsemicarbazide, 
C,H,Cl‘NH-NH:CO-NH,. This reaction requires for its simple 
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explanation the intermediate formation of a carbimide following 
a Beckmann change, thus: 


R-NH-C(OH):NCl ““°F R-NH-C(ONH,):NCl_ —> 
R-NH-N:C(ONH,)Cl1 —> R-NH-N:CO 2% R-NH-NH-CO-NH,, 


The action of the other alkalis is similarly explicable on the lines 
of Hofmann’s reaction. 

Another surprising and important result came to light in 
connexion with the preparation of the chlorophenylcarbamides. 
It was observed that not only can a chlorine atom wander from the 
nitrogen atom directly attached to the nucleus of a phenylchloro. 
carbamide, C,H,*NCl‘CO-NHCl, for example, giving p-chloro- 
phenylchlorocarbamide, C,H,Cl‘NH-CO-NHCl, but also that 
when the phenyl group is unsubstituted, a chlorine atom may 
wander to the para-position, from the nitrogen atom indirectly 
attached to the nucleus. Thus, under the influence of alkali in 
the cold, or by boiling the aqueous solution, p-chlorophenylcarb- 
amide, C,H,Cl-NH-CO-NH,, was obtained from phenylmonochloro- 
carbamide, C,H,-NH-CO-NHCl. If the para-position be already 
occupied, no such wandering to the ortho-position will occur; thus 
a second atom of chlorine could nat be introduced into the nucleus 
by treatment of p-chlorophenylmonochlorocarbamide, 

C,H,Cl-NH-CO-NHCI. 
This limitation differentiates the wandering from that which takes 
place from the nitrogen atom directly attached to the nucleus, and 
indicates that at no period of the transition does the chlorine atom 
become linked to this nitrogen atom. 


EXPERIMENTAL. 


Chlorination of Phenylcarbamide.—As it was immaterial to the 
present purpose whether the benzene nucleus were substituted or 
not, provided a chlorocarbamide containing the group—NH:-CO-NHCI 
were. obtained, the direct chlorination of phenylecarbamide in 
aqueous solution was studied. Analyses of the products showed 
that, under such conditions, mixtures of mono-, di-, and tri-chloro- 
phenylchlorocarbamides are formed according to varying degrees 
of acidity and duration of chlorination. By the action of sul- 
phurous acid on the mixed products, at least two consecutive 
members of the series phenylcarbamide, p-chlorophenylcarbamide, 
2:4-dichlorophenylcarbamide, and 2:4: 6-trichlorophenylcarb- 
amide are usually obtained, but their separation by fractional 
crystallisation is too tedious to make the preparation of any 
particular one of them practicable by this method. 


Wing 


_ == a ae 


HOFMANN REACTION TO SUBSTITUTED CARBAMIDES. 807 


Turning to published methods of preparation of the chloro- 
carbamides, the author drew the conclusion that Chattaway and 
Chaney (Joc. cit.) underestimated the effect of hydrochloric acid on 
the -CO-NHCl group. Concentrated hydrochloric acid causes 
evolution of chlorine from all the phenylchlorocarbamides containing 
such a group; and although the action is slow with dilute acid, it 
certainly takes place. Thus if phenylearbamide be completely 
chlorinated in concentrated hydrochloric acid solution, using a 
moderately slow stream of chlorine, 2 : 4 : 6-trichlorophenylcearb- 
amide only will be obtained, and no chlorine attached to nitrogen 
will be detectable in the product. Owing to the hydrogen chloride 
liberated during substitution, a similar action takes place when 
the chlorination is conducted in indifferent solvents; this to some 
extent causes uncertainty in repeating the carefully worked-out 
preparations of Chattaway and Chaney if a slower stream of chlorine 
than that used by these experimenters be employed. In repeating 
their preparation of 2: 4: 6-trichlorophenylmonochlorocarbamide, 
(,H,Cl,,NH-CO-NHCI, which, being the ultimate product of direct 
chlorination in acetic acid solution, is given as the most easily pre- 
pared of the chlorophenylchlorocarbamides, the author carefully 
fulfilled the prescribed conditions of concentration and temperature. 
After chlorination for two hours, no product had separated, and on 
adding water, a mixture containing very little chlorine attached 
to nitrogen, and consisting mainly of 2: 4: 6-trichlorophenyl- 
carbamide, was obtained. Too slow a stream of chlorine had, 
evidently, been employed, so that chlorine was removed from the 
-CO-NHCI group as quickly as it was introduced. 

A similar explanation, no doubt, accounts for the failure of Doht 
(loc. cit.) to obtain a chlorocarbamide, although his statement that 
2: 4-dichlorophenylcarbamide is produced by the action of excess 
of chlorine on phenylcarbamide in cold acetic acid solution is — 
incorrect. 

As direct chlorination of phenylcarbamide offered such difficulties 
of control, the use of N/5-hypochlorous acid was resorted to. By 
this means, in the cold and in absence of hydrochloric acid, chlorine 
atoms are introduced in the order given on p. 804. 

As, however, the reaction between a carbamide and hypochlorous 
acid is reversible, an excess of the latter reagent is required for the 
completion of each of these stages; a 10 per cent. excess of N/5- 
hypochlorous acid was employed in each case, although this amount 
does not displace the equilibrium in any reaction to the completion 
point, It was desirable, however, to underchlorinate rather than 
to overchlorinate, as the presence of unchanged carbamide does 
not affect the result of the action of alkalis, reversion to carbamide 
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being one of the normal courses of such reaction with the chloro. 
carbamide. 

Preparation of Phenylmonochlorocarbamide, C,H ;*NH-CO-NHCl.— 
The requisite amount of hypochlorous acid is allowed to remain 
in contact with a suspension of finely ground phenylcarbamide 
during several hours. The oily emulsion which first forms soon 
coagulates to yellow nodules of crude phenylmonochlorocarbamide, 

Treated with cold hydrochloric acid, this compound loses chlorine, 
and phenylcarbamide is obtained; consequently the chlorine atom 
is combined with the nitrogen atom indirectly attached to the 
nucleus, otherwise isomerism to p-chlorophenylearbamide would 
oceur. If, however, this chlorocarbamide be warmed with water, 
chlorine will wander from the side chain to the para-position in 
the nucleus; in the cold, no p-chlorophenylearbamide could be 
detected even at the end of twenty-four hours. 

Preparation of p-Chlorophenylcarbamide, CgH,Cl-NH-CO-NH,.— 
Phenylearbamide is treated with an aqueous solution of hypo. 
chlorous acid (1 mol.), and the solution heated to boiling. This 
does not serve to complete the transformation, but a repeated 
treatment with the acid (1 mol.) is more than sufficient to complete 
the change without introducing any further chlorine atoms into 
the nucleus of the p-chlorophenylcarbamide already present. Any 
chlorine attached to nitrogen is now removed with sulphur dioxide, 
and the brown solution decolorised with animal charcoal. p-Chloro- 
phenylcarbamide separates in needles from the cooled solution and 
after recrystallisation from water melts at 212°. 

A second atom of chlorine may be introduced into the nucleus 
only by causing it to wander from the nitrogen atom directly 
attached to the nucleus. Attempts were made to prepare 2 : 4-di- 
chlorophenylearbamide by treatment of p-chlorophenylcarbamide 
with two equivalents of hypochlorous acid to produce the com- 
pound C,H,Cl-NCI-CO-NHCl, warming with a little hydrochloric 
acid to isomerise to 2 : 4-dichlorophenylmonochlorocarbamide, and 
then treating with sulphurous acid. Owing, however, to the complex 
equilibria between hypochlorous acid, the chlorophenylcarbamide, 
and the various possible chloro-compounds of mono-, di-, and tri- 
chlorophenylcarbamides, mixtures of mono- and di-, or of di- and 

tri-chlorophenylcarbamides were obtained in each case, and could 
only be separated by tedious fractional crystallisation. 

Preparation of 2:4 : 6-Trichlorophenylcarbamide, 

C,H,Cl,-NH-CO-NH,. 
—This compound is most easily prepared by direct chlorination 
to completion of phenylcarbamide (10 grams), dissolved in a mixture 
of glacial acetic acid (100 c.c.) and concentrated hydrochloric acid 
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(100 c.c.). The product is precipitated with water, collected, and 
recrystallised from alcohol. Should the presence of any chlorine 
attached to nitrogen be indicated on testing with potassium iodide, 
the product is first treated with sulphurous acid. 

Action of Alkalis on Phenylchlorocarbamide, C,H;*NH*CO-NHCI. 
—The preliminary reactions which take place in aqueous solution 
are represented by : 

I. C,H;-NH-CO-NHCI + H,O = C,H,;"NH:CO-NH, + HOCI. 

II. C,H;-NH-CO-NHCl —> C,H,Cl-NH-CO-NH,. 

Il. C,H,Cl‘NH-CO-NH, + HOCIZ~ C,H,Cl‘NH-CO-NHCI+ H,0. 


In each experiment, phenylearbamide was formed (reaction I): 
pchlorophenylearbamide was also produced under the influence 
of the alkali (reaction II). The further product was actually the 
result of the action of alkali on p-chlorophenylmonochlorocarb- 
amide obtained according to reaction III, and will be considered 
later. It will be seen that this removal of p-chlorophenylmono- 
chlorocarbamide causes each reaction to proceed from left to right 
by displacement of the equilibria. 

The final products of the action of alkalis on phenylchlorocarb- 
amide are consequently identical with those obtained from p-chloro- 
phenylmonochlorocarbamide. 

Action of Sodium Hydroxide.—On addition of sodium hydroxide 
solution to phenylmonochlorocarbamide, C,H;*NH*CO-NHCI, there 
was a development of heat, an odour reminiscent of carbylamine, 
a darkening of the colour, and a vigorous evolution of nitrogen. 
The chlorocarbamide appeared to be more soluble in the alkali 
than in water, and the residue after filtration consisted mainly of 
phenylearbamide and p-chlorophenylearbamide. As it was the 
changes of the portion soluble in alkali, probably due to the pre- 
liminary formation of a compound R-NH:C(ONa):NCI, which were 
to be studied, the procedure in each experiment was to add the 
alkali solution, stir, filter rapidly, and examine the filtrate, rejecting 
the residue. 

The clear filtrate soon became cloudy, and steam distillation 
yielded (a) a compound (p-chlorophenylhydrazine) which reduced 
Fehling’s solution and gave with benzaldehyde a compound which 
contained chlorine, (b) a yellow oil having the properties of chloro- 
benzene. 

After separating these substances by filtration, the alkaline 
residue was acidified with hydrochloric acid; it gave a yellow 
precipitate (p-chlorobenzenediazocarboxylic acid and _ p-chloro- 
phenylhydrazinecarboxylic acid), which decomposed instantaneously 
with a vigorous gas evolution, leaving a pasty, yellow mixture of 
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products, amongst which chlorobenzene was identified, whilst the 
acid solution contained p-chlorophenylhydrazine, which separated 
on the addition of alkali. 

Although each. of these products was only formed in very small 
quantity, there is little doubt that Hofmann’s reaction had taken 
place according to the following mechanism, where R = p-C,H,(!: 


I. R-NH-C(OH):NCl + NaOH —> R:NH-C(ONa):NCl + H,0. 

II. R-NH-C(ONa):NCl > R-NH-N:C(ONa)Cl > R-NH-N°CO-+- Na(, 
III. R‘NH-N:CO + NaOH —> R:NH-NH-CO-ONa 29 

R:NH-NH, + NaH0C0,, 
The hydrazine formed would then be attacked by the sodium 
hypochiorite present in solution, giving the hydrocarbon which is 
the normal product of such action (Chattaway, T., 1909, 95, 1065), 
Complications also arise from the oxidation of the sodium p-chloro. 
phenylhydrazinecarboxylate, C,H,Cl.NH-NH°CO,Na, to sodium 
p-chlorobenzenediazocarboxylate, C,gH,Cl‘N-N-CO,Na. The free 
diazo-acid decomposes immediately, giving a complex mixture of 
products, one of which is chlorobenzene. 

Action of Ammonium Hydroxide—Ammonium hydroxide was 
added to phenylmonochlorocarbamide, and the well-stirred solution 
was then immediately filtered. The residue consisted mainly of 
phenylcarbamide and p-chlorophenylearbamide. The clear, orange- 
coloured filtrate, when allowed to stand, or more rapidly when 
warmed, deposited a yellow precipitate which reduced warm 
Fehling’s solution. This product proved to be a mixture of two 
compounds separable by extraction with boiling benzene. The 
benzene extract deposited long, orange-red needles, which after 
recrystallisation melted at 182°, whilst the insoluble portion was 
colourless, and after recrystallisation from acetic acid melted 
at 233°. 

The insoluble, colourless product reduced boiling Fehling’s 
solution, and gave, on hydrolysis, ammonia and colourless needles 
melting at 90°, which readily reduced Fehling’s solution in the 
cold. The compound (m. p. 233°) was doubtless p-chloropheny)- 
semicarbazide (Found: N = 22°7, C,H,ON;Cl requires N = 22:64 
per cent.). The hydrolysis product (m. p. 90°) was p-chlorophenyl- 
hydrazine. 

On oxidation with alkaline permanganate, the chlorophenyl- 
semicarbazide gave p-chlorobenzenediazocarbonamide, 

C,H,Cl-N-N-CO-NH, 
(m. p. 182°), which proved to be identical with the portion of the 
original product soluble in benzene. 

The mechanism of the reactions giving these products is probably 
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represented by the scheme shown on p. 806, and during the reaction 
some of the p-chlorophenylsemicarbazide is oxidised to p-chloro- 
benzenediazocarbonamide. 

It was found that p-chlorophenylsemicarbazide is very susceptible 
to alkaline oxidising agents, and is, indeed, readily oxidised to the 
diazo-compound if left exposed to the air, in alkaline solution. 
An alcoholic solution of the semicarbazide rapidly became orange- 
red after the addition of ammonium hydroxide solution, and 
deposited long, orange needles of p-chlorobenzenediazocarbonamide 
after exposure to the air for several days. 

When a solution of the semicarbazide in alcoholic potash is left 
exposed to the air, golden-yellow flakes appear after about two 
days. This compound is probably potassium p-chlorobenzene- 
diazocarboxylate, C,H,Cl-N:N-CO,K, as its properties and reactions 
agree in all respects with those of this salt as recorded by Hantzsch 
and Schultze (Ber., 1895, 28, 2081); its formation is doubtless 
due to hydrolysis following oxidation : 

R-NH-NH:CO-NH, —> R-N:N-CO-NH, —> R-N:N-CO,K. 

Action of Potassium Ethoxide——On the addition of potassium 
ethoxide to an alcoholic solution of phenylmonochlorocarbamide, 
there was a darkening of the solution and potassium chloride 
separated, followed after some time by a precipitate of golden- 
yellow plates. It was found impossible to purify this compound 
from potassium chloride, but in properties it appeared to be identical 
with the sample of potassium p-chlorobenzenediazocarboxylate 
prepared from p-chlorophenylsemicarbazide as described above. 
From analogy with previous results, the reaction probably proceeds 
along the lines 
R-NH-C(OH):NCl —> R-NH-C(OK):NCl —> R-NH:N:C(OK)Cl — 

R-NH:N:CO + KCL. 
R:-NH-N:CO + EtOH —> R:NH-NH:CO,Et. 


In the presence of alkaline oxidising agents the hydrazo-compound 
would doubtless oxidise to the diazo-compound, 

R:NH-NH:CO,Et + O —> R-N:N:CO,Et + H,0, 
which by hydrolysis would give R-N:N-CO,K. 

The view that the product is a diazo-compound and not a hydrazo- 
compound is based on its golden-yellow colour, which is not due to 
organic impurity; also on the fact that the free acid liberated from 
the potassium salt is obtained as a yellow precipitate before it 
decomposes. 

Action of Alkalis on 2 : 4 : 6-T'richlorophenylmonochlorocarbamide, 

C,H,Cl,-NH:CO-NHCI. 


ee 
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Action of Sodium Hydroxide.—If sodium hydroxide be added to 
the chlorocarbamide, and the product boiled and steam distilled, 
2:4:6-trichlorobenzene will be obtained. If, however, the 
reaction be performed in the cold, other compounds may be isolated, 

As before, the alkali was added, the mixture stirred and im. 
mediately filtered, and the filtrate and washings were examined, 

On the addition of the alkali, heat was developed, and the solution 


darkened; in some cases, conditions favoured the separation of j 


a brown precipitate of a sodium compound. On acidifying the 
solution with hydrochloric acid, a yellow precipitate (trichloro. 
benzenediazocarboxylic acid and _ trichlorophenylhydrazinecarb. 
oxylic acid) separated momentarily, but decomposed immediately 
with effervescence and production of a brick-red, pasty mass, from 
which s-trichlorobenzene was obtained on steam distillation. After 
filtration, the acid solution was made alkaline, and a colourless 
precipitate of 2 : 4 : 6-trichlorophenylhydrazine obtained. This com- 
pound crystallises from alcohol in long, flat needles melting at 
138° (Found: Cl= 50°19. C,H;N,Cl, requires Cl = 50°36 per 
cent.). Its warm aqueous solution readily reduces Fehling’s 
solution, and when boiled with copper sulphate gives s-trichloro- 
benzene. The hydrochloride is readily soluble in water, but only 
slightly soluble in concentrated hydrochloric acid. 

The mechanism of the reaction may be represented as in the 
production of p-chlorophenylhydrazine; and, as in that case, 
oxidation to some extent diverts the main reaction, sodium tri- 
chlorophenylhydrazinecarboxylate giving sodium trichlorobenzene- 
diazocarboxylate, 


C,H,Cl;;NH-NH-CO,Na +- O —> C,H,Cl,"N:N-CO,Na + H,0. 


The brown precipitate which in some cases separated from the 
original reaction mixture was probably the oxidation product, 
sodium 2:4: 6-trichlorobenzenediazocarboxylate alone: when 
treated with acid, it gave a red, pasty mass, similar to that obtained 
as already described, and no hydrazine could be obtained from the 
resultant solution. 

Action of Ammonium Hydroxide.—The chlorocarbamide was more 
soluble in ammonium hydroxide solution than in water, but on 
warming the clear solution, only 2 : 4 : 6-trichlorophenylcarbamide 
separated. 

Action of Sodium Ethoxide.—An alcoholic solution of sodium 
ethoxide was added to trichlorophenylmonochlorocarbamide ; the 
liquid was well stirred, and then filtered. The filtrate was dark 
coloured and deposited a flocculent precipitate. This compound, 
washed with alcohol, was quite colourless, did not melt, and was 
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evidently sodium 2 : 4 : 6-trichlorophenylhydrazinecarboxylate, as 
it dissolved readily in cold water to give a solution which, slowly 
when kept, more rapidly when warmed, deposited 2 : 4 : 6-trichloro- 
phenylhydrazine. Also, the cold aqueous solution, treated with 
hydrochloric acid, gave a precipitate which immediately decom- 
sed with effervescence, and from the solution, alkali then pre- 


§ cipitated trichlorophenylhydrazine. 


The original alcoholic filtrate from the sodium trichlorophenyl- 
hydrazinecarboxylate contained the oxidation product, sodium 
trichlorobenzenediazocarboxylate; after diluting with water, and 
filtering, the clear filtrate gave, when acidified with hydrochloric 
acid, a yellow precipitate which decomposed with effervescence, 
yielding a pasty mass containing s-trichlorobenzene. 

The mechanism of the reactions giving these products is probably 
similar to that put forward for the action of potassium ethoxide 
on phenylmonochlorocarbamide. 


In conclusion, the author wishes to express his indebtedness to 
Professor F. S. Kipping, F.R.S., for his continued interest and 
criticism of this work; also to acknowledge receipt of a grant from 
the Department of Scientific and Industrial Research which has 
enabled this investigation to be carried out. 


UNIVERSITY COLLEGE, NOTTINGHAM. (Received, February 20th, 1923.] 


XCVI.—Phosphorous Acid Esters. The Influence of the 
Character of the Groups R’, R’, R’” on the Stability 
of the Molecular Complexes R’R’’R’’’C:O-PCI, and 


R/R’R’'"C-O-P(OH),. Part I. 
By Davip Runciman Boyd and Guy CHIGNELL. 


Very few monoalkyl esters of phosphorous acid have been prepared. 
Ethylphosphorous acid, C,H,*O-P(OH),, and isoamylphosphorous 
acid, C;H,,°O*P(OH),, were obtained by Wurtz (Ann. Chim. Phys., 
1846, [iii], 16, 218) from the corresponding alcohols by means 
of phosphorus trichloride; a similar derivative of methyl 
alcohol was prepared by Schiff (Annalen, 1857, 103, 164). Carré 
(Compt. rend., 1901, 133, 882) has shown that glycolphosphorous 
acid, OH-CH,°CH,°O-P(OH),, and glycerolphosphorous acid, 
C;H;(OH),*O-P(OH)., are formed by the direct action of phosphorous 
acid on glycol and glycerol. 

These esters, derived from simple aliphatic alcohols, are all 
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very easily hydrolysed, and with the exception of isoamylphos. 
phorous acid they were not obtained in a condition sufficiently 
pure for analysis. On the other hand, it has been shown by one 
of us that the phosphorous acid esters derived from the «y-di. 
arylethers of glycerol (T., 1901, 79, 1221) are comparatively 
stable compounds. Thus diphenoxyisopropylphosphorous acid, 
(C,H,;-O-CH,),CH-O-P(OH),, undergoes no change in moist air, 
It can be crystallised from hot water, and its solution in aqueous 
ammonia may be boiled for a long period without any decom. 
position occurring. The influence of the two phenoxy-groups on 
the stability of the complex =C-O-P(OH), is striking, and it 
appeared probable that stable phosphorous acid esters could he 
prepared from other alcohols containing one or more phenyl groups, 
A study of the action of phosphorus trichloride on aromatic alcohols 
has therefore been undertaken with the object of accumulating data 
which may lead to a clearer comprehension of the factors by which 
the stability of the groups =C-O-PCl, and =C-O-P(OH), is 
determined. 

In the majority of the cases so far investigated, it has not been 
found possible to isolate any phosphorous acid derivative, the 
products being either chlorides of the type R’R”R’”’CCl or un- 
saturated hydrocarbons. Triphenylearbinol, on the other hand, 
when treated with phosphorus trichloride, gives an excellent yield 
of the corresponding phosphorous acid chloride, in accordance 
with the equation 

(C,H;),C-OH -+ PCl, = (CgH;),C-O-PCl, +- HCl. 

This acid chloride, which can be isolated without difficulty, 
was found to possess unexpected stability. Unlike any substances 
of the type R-O-PCl, hitherto described, all of which resemble 
phosphorus trichloride more or less closely in properties, triphenyl- 
methoxyphosphorus dichloride is not attacked by boiling water or 
aqueous sodium hydroxide. It can be crystallised from boiling 
ethyl alcohol with comparatively small loss, provided that the 
process is carried out rapidly; continued heating with this solvent 
transforms it into the ethyl ether of triphenylcarbinol. The 
stability of the compound towards water and alcohol is therefore 
greater than that of triphenylchloromethane, which, as is well 
known, is hydrolysed even by cold water, and very rapidly converted 
into the corresponding ethyl ether by boiling alcohol. 

By the action of an alcoholic solution of potassium hydroxide on 
triphenylmethoxyphosphorus dichloride the corresponding phos- 
phorous acid, (C,H,;),C-O-P(OH),, can be obtained. This acid 
shows remarkable stability towards hydrolysing agents. Prolonged 
boiling of a solution of its sodium salt, in water containing excess 
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of sodium hydroxide, produces no decomposition. In this respect 
the acid differs noticeably from diphenoxyisopropylphosphorous 
acid, which is readily hydrolysed by boiling its solution in aqueous 
sodium hydroxide. : 

If the properties of triphenylmethylphosphorous acid are compared 
with those of its simple prototype, methylphosphorous acid, the 
salts of which decompose in aqueous solution even at room temper- 
ature, it is obvious that the substitution of three phenyl groups for 
the three hydrogen atoms of the methyl radicle has profoundly 
affected the capacity of the complex —=C-O-P(OH), to resist 
hydrolysis. 

An explanation of the remarkable influence of the phenyl groups 
may be looked for in more than one direction, but at the present 
stage of this investigation it is not proposed to enter upon a full 
discussion of the theoretical possibilities. It may, however, be 
pointed out that the hypothesis of varying affinity values, which 
has been successfully applied by Werner (Ber., 1906, 39, 1278) to 
account for the conspicuous reactivity of the chlorine atom in 
triphenylchloromethane, does not offer any explanation of the 
unusual stability of triphenylmethoxyphosphorus dichloride. 
This is evident from a consideration of the formula 


CH. SC—O—PC 
C.H.7 Not 


in which the chlorine atoms appear as loosely attached to the 
phosphorus atom. The behaviour of other triarylcarbinols towards 
phosphorus trichloride is at present under investigation. 


EXPERIMENTAL. 


Triphenylmethoxyphosphorus Dichloride.—Ten grams of triphenyl- 
carbinol (1 mol.) were added to 10 grams of phosphorus trichloride 
(1‘9 mols.) contained in a flask which was cooled in ice. After 
standing for half an hour, the flask was removed from the ice and 
the reaction was completed by heating in a water-bath under 
reflux for one hour. The reaction product formed a hard mass 
with a pale yellow colour. To facilitate its removal from the 
flask, a small quantity of ether was added and the contents of the 
flask were poured on ice. The resulting solid product was filtered 
off, washed with aqueous ammonia and then with water, pressed, 
and dried in a vacuum desiccator. 

In order to remove triphenylchloromethane, which is produced 
along with triphenylmethoxyphosphorus dichloride by the action 
of phosphorus trichloride on triphenylcarbinol, the crude product, 
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after drying, was boiled for two minutes with 20 c.c. of ethy| 

alcohol. The greater part of the material remained undissolved 

and, after cooling, was filtered by the aid of the pump, and dried 
in a desiccator. In this way, 7 grams of nearly pure triphenyj. 
methoxyphosphorus dichloride were obtained. 

The compound is conveniently recrystallised by dissolving jn 
hot chloroform and adding to the chloroform solution about half 
its volume of acetone. On cooling, minute colourless plates and 
prisms separate. These begin to shrink at 180° and melt with 
decomposition at 189—190° (Found: C = 63:23; H = 409, 
P=840; Cl=19°82. (Cy, H,,OCI,P requires C = 63:15; 
H = 4:15; P = 8°59; Cl = 19°63 per cent.). 

A determination of the molecular weight in chloroform solution 
by the Landsberger method gave 352. Cj, gH,,;OCI,P requires 
M = 361. 

The substance is moderately soluble in boiling toluene, and 
difficultly soluble in hot benzene, acetone, or ethyl acetate. It 
dissolves slightly in boiling ethyl alcohol and crystallises out as 
the solution cools; but if boiled with alcohol for about half an hour 
it is converted into triphenylmethyl ethyl ether. 

Triphenylmethoxyphosphorus dichloride is not affected by 
boiling water or aqueous sodium hydroxide. If crystallised rapidly 
from hot aqueous acetone (10 vols. of acetone to 1 vol. of water), 
only a comparatively small portion is hydrolysed. It dissolves 
in cold concentrated sulphuric acid, with evolution of hydrogen 
chloride, forming an orange-red solution. If this solution is 
poured into water, a precipitate of triphenylcarbinol is obtained. 

Triphenylmethylphosphorous Acid.—Four grams of triphenyl- 
methoxyphosphorus dichloride were mixed with 25 c.c. of an 8 per 
cent. solution of potassium hydroxide in alcohol (rather more than 
three mols. of base for one mol. of phosphorous acid chloride), 
and the mixture was heated in a water-bath under reflux for 
three-quarters of an hour. The product was mixed with 30 c.c. 
of water and evaporated to dryness in a steam-bath. The solid 
residue was treated with about a litre of water, and the liquid 
was made alkaline by the addition of a small quantity of potassium 
hydroxide. After boiling and again allowing to cool, the liquid 
was filtered from undissolved matter. On adding hydrochloric 
acid to the clear filtrate, a curdy, white precipitate of tripheny/- 

methylphosphorous acid formed. 

After standing some hours, the precipitate was collected, washed 
with water containing a little hydrochloric acid, and dried in a 
vacuum desiccator. The yield was 2°3 grams. The substance 
is somewhat difficultly soluble in most organic solvents. It was 
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rerystallised from benzene, from which it separates in clusters of 
very small plates. These soften at about 230°, and fuse partly, 
yith decomposition, at 237°. Fusion becomes complete at about 
47° (Found: C=7066; H=549; P=943. C,,H,,0;P 


*Brequires C = 70°33; H = 5°30; P = 9°57 per cent.). 


Triphenylmethylphosphorous acid dissolves readily in a hot 
lution of sodium hydroxide, and the sodium salt of the acid 
sparates as a gelatinous precipitate on cooling the solution. The 
salt is moderately soluble in cold water: no decomposition occurs 
on boiling the aqueous solution even in the presence of excess of 
alkali. 


Tar UNIVERSITY COLLEGE, 
SOUTHAMPTON. [ Received, February 15th, 1923.] 


XCVII.—Tesla-luminescence Specira. Part II. The 
Effect of Varying Temperature and Pressure on 
the Benzene Spectrum. 

By Wixt1am Haminton McVICKER and JoSEPH KENNETH MARSH. 


Ix a previous communication (McVicker, Marsh, and Stewart, this 
vol., p. 642), a method was described whereby the vapours of a 
number of compounds of complex structure may be made to emit 
aspectrum under the influence of a high-frequency electric discharge. 
Details concerning the benzene spectrum taken at a pressure of 
(5 mm. at room temperature were given showing that it was com- 
posed of more than 50 narrow bands, falling into two series and 
spaced at equal intervals of frequency between AA 2656 and 3127 AU. 
These bands formed a number of groups each with a strong head 
band at the short wave-length end, and the main series is calculable 
from the formula 
1/XA = 98-712 m — 98°712n/6 


where m = 33, 34, 35. . . ., whilst » varies from 6 to 0. 

Beginning at the end of greater wave-length, these were for 
convenience designated by the letters A to F. Groups C, D, and E 
were strong and clear; F was not so strong, and one line of a group G 
was visible. The whole spectrum was believed to correspond in 
part with the absorption spectrum of benzene vapour, in part with 
the fluorescent spectrum, and to be in part new. 

Varying conditions of temperature and pressure have been found 
to produce some changes in the spectrum. Interest centres more 
particularly in the effect of reducing the pressure to a low figure. 


818 MCVICKER AND MARSH : 


Two further series of bands, G and H, have been observed at q 
pressure of 1°6 mm., and these, moreover, do not conform to the 
type previously recorded. In the first place, they are very much 
feebler. The intensity of the head band of group H was after 
ninety minutes’ exposure no greater than what might have been 
produced in, say, group D by an exposure of a minute or two, 
The new series on the whole were not so sharp and the intensity 
did not fall off so regularly from the head as in previous groups, 
The head bands of groups F, G, and H have wave-lengths 2667, 
2602, 2541 A.U., respectively, and so are spaced at intervals differing 
in wave number, 1/A, by 92 units. Those bands in the G and H 
series which are sharp are seen to correspond with bands observed 
in the absorption spectrum of benzene vapour by Henri (J. Phys, 
Radium, 1922, [vi], 3, 181) and to belong to series II and IV in his 
groups A, B, and C, for which he gives formule of the following 


type: 


Series IT: 1/A = 3749-4 + 92-14n — (15-9p + 0°2p) 
Series IV: 1/A = 3742°6 + 92°14n — 16°6p, 


where n and p are small whole numbers. 
Our observations of emission bands are compared with Henri’s 
absorption bands in the following table : 


r. 1/a. Ifa. Henri. 
Band H 2541 3935 3933-7 Band C Series II 
2553 3917 3917-5 Cc Ii 
*2590—6 3852—63 
BandG 2602 3843 3841-5 B II 
09 33 34-7 B IV 
2613 3827 3825-4 B II 
21 16 18-2 B IV 
2625 3810 3808-9 B II 
*2631—6 3794—O1 
*2642—7 3779—85 
2657 3764 
2662 3756 
Band F 2667 3749 3749-4 B II 


* Broad and indistinct. 


The agreement is within our experimental error of about | A.U. 
The Fraunhofer effect to which attention was directed in our pre- 
vious paper is here seen to be further exemplified in a striking 
manner. It is noteworthy that the absorption bands of Henri’s 
series II extend further into the ultra-violet than his other series— 
right into the region from about AA 2350 to 2150, where benzene 
is again highly transparent. Beyond this is a second set of absorp- 
tion bands, and the question arises as to whether under suitable 
conditions benzene may be able to luminesce or fluoresce in this 
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transparent region. The probability is that a very low pressure 
will be found to produce this effect, but we hope to investigate this 
point shortly. 

The spectrum over a range of pressures from 1°6 mm. to 22 cm, 
corresponding roughly to M/20,000 to M/750 has been investigated. 
At pressures of 22 cm. it was less intense and of poorer definition 
than at 6°5 cm., whilst further there were signs of decomposition 
and of the carbon spectrum. At 1°6 mm., the bands were sharp, 
but the reduced quantity of benzene in the observation tube 
diminished the intensity noticeably. The effect of high pressure 
is also to curtail the spectrum at the end of short wave-length. 
At 3°5 cm., band G was very faint and at 22 cm. pressure band F 
had nearly disappeared also. 

The effect of temperature on the spectrum was studied by com- 
paring spectra taken at 15° and at 150° at constant pressure and 
also at constant volume. It was found that at the higher tem- 
perature the bands were decidedly less clear, and the spectrum was 
also shortened at the end of small wave-length. The effect was 
thus very similar to that of high pressure. The differences in the 
spectrum at high temperatures or pressures probably arise from 
the same cause, namely, the increased number of collisions between 
the molecules. 

EXPERIMENTAL. 


The general arrangement of the apparatus was similar to that 
previously described. For studying the vapour at high temperatures 
the double iron jacket was filled with mercury and directly heated. 
For pressures down to 3 cm. a flask containing benzene was attached 
to the inlet tube and a flask cooled in a freezing mixture to the outlet. 
A water-pump sufficed to evacuate the apparatus. For the higher 
pressures the flask of benzene required slight heating, and an air 
leak into the water-pump was arranged. For pressures below 
3cm., a Volmer mercury vapour jet pump was used in conjunction 
with the water-pump, and a fine adjustment glass stop-cock was 
inserted between the reservoir of benzene and the observation 
tube. The pressure could be regulated by allowing a more or less 
rapid stream of vapour past the stop-cock. The pressures were 
read on a mercury gauge with the aid of a travelling microscope. 
A limit of about 1-6 mm. was set in the present work by the fact 
that although a pressure of 0-1 mm. or less could readily be attained, 
yet at low pressures slight traces of air gave rise to a powerful glow 
completely masking the benzene spectrum. 


From the foregoing it is seen that the Tesla-luminescence spectrum 
of benzene is characteristic and persists over a large range of experi- 
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mental conditions. Complete disruption of the benzene molecule 


which would be quickly brought about by an ordinary high potentia| 


discharge is with the high-frequency discharge entirely avoided aj 


low pressures. In fact, the high-frequency discharge appears ty 
have rather the reverse effect at low pressures, for small quantities 
of an orange-coloured product rather like shellac in appearance 
are found to collect in the observation tube. This is presumably 
a condensation product of benzene. 

The form of the spectrum is very similar to that of some other 
vapours such as sodium or iodine which have been studied by 
R. W. Wood and which show channelled or fine banded structure, 
either by the absorption or fluorescent method, when studied at 
low pressures and at not too high temperatures. The spectrum 
is also similar to that of fluorescing berizene vapour (see following 
paper). This correspondence is also found to hold in the case 
of other compounds under investigation at present, so that a 
promising line of attack on the problems of absorption and 
fluorescent spectra is presented. 


Ture Str Donatp CurRRIE LABORATORIES, 
QUEEN’s UNIVERSITY, BELFAST. (Received, March 12th, 1923.] 


XCVIII.—The Fluorescence Spectrum of Benzene 
Vapour. 


By Wiitw1Am Hamitton McVICKER and JosEPH KENNETH MARSH. 


OBSERVATIONS on the fluorescence spectrum of solutions of benzene 
have been made by Stark, Dickson, Henri, and others with differing 
results, as the following table shows, in which the wave-lengths 
of the heads of the several bands are given. 


Stark (1907) .......00.- 272 280 283 292 
Dickson (1912) ......... 2599 2635 2679 2754 2827 2910 
Henri (1922) ............ 2659 2702 2766 2847 2917 3005 


In a recent paper (McVicker, Marsh, and Stewart, this vol., p. 642), 
we gave some particulars of the spectrum of benzene as excited by 
a high-frequency discharge (see also preceding paper). The heads 
of the series of bands which were then recorded seemed in good 
agreement with the positions of the fluorescence bands in alcoholic 
solution recorded by Dickson if due allowance was made for the 
effect of the solvent in shifting the bands in the direction of greater 
wave-length. Dickson also records that he was unable to detect 
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any fluorescence from the vapour of benzene, and no other experi- 
menters have recorded any. Nevertheless, in order if possible to 
make a direct comparison of our Tesla-luminescence bands with 
the fluorescent spectrum some experiments were undertaken which 
have been at once successful in showing that benzene vapour is 
capable of fluorescing at a pressure of a few centimetres of mercury. 


EXPERIMENTAL. 


A piece of silica tubing about 10 cm. long and 2 cm. in diameter 
was ground off flat at one end and closed by a quartz plate. At the 
other end, inlet and outlet tubes were inserted through a rubber 
stopper. The inlet tube was attached to a flask containing pure 
benzene and the outlet tube to a flask cooled in ice, and the whole 
apparatus was evacuated by a water-pump. 

The quartz end of the silica tube was placed about 2 cm. in 
front of the slit of the spectrograph. About 4 cm. from the quartz 
plate and to one side of it was set up a spark gap with iron elec- 
trodes. Round the spark gap was placed an opaque screen in 
which was cut a slit so as to allow a beam of light to fall on the 
silica tube and its contents immediately behind the quartz plate. 
On starting the water-pump, distillation occurred from the flask 
containing benzene through the silica tube to the cooled flask. 
After a time the benzene froze owing to evaporation and the pressure 
fell to 3 cm. of mercury. An exposure of 100 minutes sufficed to 
produce a thin negative showing, however, more than 30 bands. 
Side by side on the same plate the Tesla-luminescence spectrum 
of benzene at the same pressure was recorded. In another experi- 
ment the iron spark was replaced by the iron arc, so that there 
was no possibility of electrical excitation, but the spectrum was 
still obtained. 

On comparing the two spectra as produced above, it was apparent 
that they were the same in structure though differing much in 
intensity. The fluorescent spectrum showed bands belonging to 
all the groups B to G, but was very much fainter than the spectrum 
excited electrically with an exposure only one-fourth as long. It 
is thus seen that to obtain the same photographic result exposures 
many times longer are required by the fluorescent method than 
are necessary with our electrical excitation unless, indeed, an 
exceedingly intense light source is used. 

In the following table the fluorescence bands observed are recorded 
in wave-lengths. They fall into the groups shown with strong 
bands at the end of smaller wave-length, and may be divided into 
two series, for the weaker of which only the last two figures of the 
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number expressing the wave-length in Angstrém units are set 
down. 


Group G. 


It is noteworthy that Group F of fluorescence bands corresponds 
in position with a series of absorption bands observed by Hartley 
in benzene vapour (Hartley, Phil. Trans., 1908, 208, 519). From 
these results we feel satisfied that under all conditions there is 
every reason to expect complete similarity between the Tesla- 
luminescence and the fluorescence of benzene. 
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XCIX.—Studies of Electrovalency. Part I. The 
Polarity of Double Bonds. 


By Tuomas Martin Lowry. 


1. Mixed Double Bonds. 


THE object of this paper is to suggest that, whilst a single bond 
may be either a covalency or an electrovalency, a double bond in 
organic chemistry usually reacts as if it contained one covalency and 


ao - 
one electrovalency. Acetaldehyde is therefore written as CH,-CH—O 


oo _ 

and ethylene as CH,—CH,. Bonds of this character are described 
as “mixed double bonds.” Their existence can be justified on 
the basis of the electronic theory of valency by assigning a complete 
octet to each negatively charged atom, and a sextet of electrons 
to each positively charged atom (compare G. N. Lewis, J. Amer. 
Chem. Soc., 1916, 38, 775; Latimer and Rodebush, ibid., 1920, 
42, 1429; Eastman, ibid., 1922, 44, 438). Each — sign then 
indicates an excess of one planetary electron above the net nuclear 
charge, and each + sign a deficit of one electron. 


2. Triple Bonds. 


The double bond in oxygen and the triple bond in nitrogen gas 
may be pure covalencies, since both gases are very inert, unless 
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activated, for example, by heat or by an electric discharge. 
Acetylene and hydrogen cyanide, however, are active polar com- 
pounds, to which a mixed triple bond may be assigned. Their 


o hydrolysis by water is then represented by the equations 
ae r = 
HC—CH + HOH —> [CH,—CH:OH] —> CH,;—CH—O 
N=CH + HOH —> [NH=CH-OH] —> NH,—CH—O. 

_ 3. Unsaturation and Reactivity. 

rtley Elements linked by electrovalencies react more readily than those 

‘rom [ linked by covalencies. The wide difference between the reactivity 

‘e js of single and double bonds therefore finds a simple explanation in 

agla. fg theready development of electrovalencies in the latter. The contrast 
between acetylene and nitrogen also finds a partial explanation on 
similar lines. 

3] The reactivity of chlorine and of methyl iodide probably depends 
on the readiness with which a covalency gives place to an electro- 
valency, as in the balanced equations, 

Z 1. aie rm a 

Cl, == Cl+ Cl and CH,I == CH, + I, 
where a double-octet is represented as breaking down into an octet 
and a sextet in the dissociation which must precede or accompany 
chemical change in these compounds. 

nd A similar dissociation may be used to account for the electrolytic 

in § conductivity of triphenylmethyl, 

und | > 2 A Y 

-O 
and for the peculiar properties of von Baeyer’s “ carbonium ” bond 

ed (Ber., 1905, 38, 1156), 

on i A 

te + /CgH,y NH, erage Stang 

: (CoH )CC = +H,0 = (CoHSWCK 

nh (red) (colourless) 

on I am indebted to Dr. Lapworth for the further suggestion that 

ar ff zinc methyl and the Grignard agent probably owe their special 

m F “bp /CHs 
reactivity to the fact that they contain a methyl-ion, as in Zn — 
a “CH; 

3s and Mg: = ° 


I 
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4. Partial Valencies. 


The theory of partial valencies was introduced by Thiele as af j 


means of expressing the subdivision of affinity between atoms, 
There is strong evidence, especially from the X-ray analysis of 
crystals, to show that covalencies are limited to certain directions 
round an atom, and cannot be split up into smaller units, whilst 
electrovalencies can be subdivided, for example, into six equal 
parts in a crystal of rock-salt. The superposition of an electro. 
valency on a covalency therefore provides a convenient explanation 
of the subdivision of affinity, which Thiele indicated by dotted 
lines in unsaturated groups such as C—¢, G9, or C=N. These 


+ =- +t = + = 
may be written as C—C, C—O, and C—N, where oxygen and 
nitrogen are usually negative relatively to carbon, and oxygen 
relatively to nitrogen. 


5. Conjugated Compounds. 
Crotonaldehyde and butadiene are formulated as 
$+ - + = ~ -— + = 
CH,-CH—CH—CH—0O and CH,—CH—CH—CH,. 

It will be seen that under this scheme the distinction between single 
and double bonds in a conjugated system disappears completely. There 
is therefore no longer any need to postulate a “ wandering of the 
double bond ” when butadiene is brominated, since the central 
double bond is already in position. 


6. Polarity of Conjugated Compounds. 


(a) The theory of mixed double bonds makes all conjugated 
systems polar; but the alternate polarities do not extend beyond 
the last double bond. The alternate polarities discussed by Lap- 
worth and by Kermack and Robinson (T., 1922, 121, 416 and 427) 
are therefore confined within the limits of the conjugated system 
instead of being continued beyond it. Moreover, the promiscuous 
scattering of -+- and — signs on alternate atoms is strictly pro- 
hibited under the system now put forward, since a covalency must 
be obliterated whenever an electrovalency is introduced; and on 
every occasion when the sign + — is written, a bond — must be 
deleted in the conventional formule. 

(6) The electronic formule of Lapworth and of Kermack and 
Robinson give, when analysed, an excess or deficit of half an 
electron on the terminal atoms of a conjugated chain, but make 
the intermediate atoms neutral. The new formule, on the other 
hand, indicate that, whilst the main polarity and unsaturation are 
at the ends of the chain, the alternate polarities and unsaturation 
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exist also in the intermediate atoms. They therefore provide a 
simple explanation of the fact that butadiene can be brominated 
in the 1:2- as well as in the 1:4-position; phenylbutadiene in 
the 3:4- and diphenylbutadiene in the 1 : 2-position; and hexa- 


triene in the 3 : 4-position. 


7. Crossed Polarities. 


The type of conjugation postulated above differs from that of 
Thiele (Annalen, 1899, 308, 337) in that it may be destroyed by crossed 
+ + 


_ oe _ — — 
parities, as in maleic acid, 0—C(OH)—CH—CH—C(OH)—O, 
which cannot now be formulated as a conjugated compound. 
These crossed polarities provide a novel explanation of the 
instability of compounds of the maleic acid type, as illustrated by 
(i) the conversion of citraconic into itaconic acid by boiling with 
soda, HO-CO-CMe—CH-CO-OH —> HO-CO-C(—CH,)-CH,-CO-OH, 
ii) the conversion of A?- into A1-tetrahydrophthalic acid (von 
Baeyer, Annalen, 1890, 258, 145), (iii) the loss of carbon dioxide 
as well as water in the oxidation of dihydrophthalic acid (von 
Baeyer, ibid., 1892, 269, 178), (iv) the inability of Thorpe and his 

. oe , C-CO-:0OH 
colleagues to prepare ethylidenemaleic acid, CH, CAH 0-0 


8. Aromatic Compounds. 
(a) Benzene (I), sodium phenoxide (II), and nitrobenzene (IIT) 


~4 —++- 
H ONa O-N-O 
JC ; 
c + \ ’ (F% fon. 
a) H¢- -¢H az) H¢- ~GH qu) H¢+ +CH 
HCt+t +CH HC+ +CH HC- -CH 
Ne to” XY - 4. 
\CY \E% Né 
H H H 


are formulated as conjugated systems, in which alternate polarities 
we carried round the carbon atoms of the ring and out into the 
side-chains. The six hydrogen atoms are, however, neutral, as 
well as the substituents, since the -+- and — charges on the latter 
nust balance unless they are ionised. 

(b) In the conjugated formulz set out above, every + — com- 
bination may become a reactive centre. The normal points of 
attack are the electrovalencies of the side-chain, from which sub- 
stituents may swing down into the ring. But the electrovalencies 
of the ring may also be attacked directly, giving rise to inter- 
mediate additive products, either in a 1: 2- or in a | : 4-position, 
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since (as Thiele has pointed out) the latter is the normal behaviour 
of a conjugated compound. 

(c) Bragg’s boat-shaped formula for benzene (T., 1922, 121, 
2783) is the cis-form of I. In this formula, the oppositely-charged 
atoms | and 4 are on the same side of the plane of the four atoms 
2, 3, 5, 6, instead of on opposite sides. This representation pro. 
vides a particularly simple explanation of the para-reactions of 
benzene, since the cis-formula lends itself to this type of action 
even more readily than the trans-formula. 

(d) The opposite polarities of II and III correspond with their 
different behaviour on substitution. The laws of substitution can 
be stated best in the form that derivatives with crossed polarities 
are less stable than those in which the polarities are concordant through. 
out the conjugated system. Similarly-polarised groups therefore 
tend to occupy a meta-position relatively to one another, as in 
m-dinitrobenzene and benzene-m-disulphonic acid, or in the 
potassium derivative of resorcinol, Cg,H,(OK),, which can be 
produced by fusing with potash a number of simple derivatives 
of benzene. The halogens, however, behave like amphoteric 


+ - 
electrolytes, Cl, == Cl+ Cl, and give disubstitution products 
occupying an ortho- or para-position to one another. 

(e) These conditions do not prevent side reactions from taking 
place, which may give rise to compounds with crossed polarities; 
nor do they prevent these from being produced by indirect pro- 
cesses. The influence of crossed polarities can, however, be detected 
in the ready displacement by an amino-group of a nitro-group 
which is ortho to a second nitro-group (Meldola, T., 1906, 89, 1938), 
since this replacement renders the crossed polarities concordant. 

(f) Similar formule can be assigned to naphthalene and anthracene, 
but these differ from the formula for benzene in that the atoms 
which are common to two rings are surrounded by three atoms 
of opposite sign, representing a further subdivision of the electro- 
valency into partial valencies. 

(7g) When the ultimate limit has been reached and the aromatic 
compound has become a sheet of pure graphite, the new theory 
provides it with a surface of positively-charged atoms and one of 
negatively-charged atoms. This gives an almost unique structure 
in which the bonds within a sheet or double layer of atoms are all 
covalencies, whilst successive sheets are held together by electro- 
valencies. 

9. Carboxylic Acids. 


(a) Whilst the theory of mixed double bonds introduces an 
element of dissymmetry into conjugated compounds, it introduces 
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a new element of symmetry in the formule of the ions of carboxylic 
acids, of tautomeric ions, and of co-ordinated compounds, since in 
all these cases the distinction between the single and double bonds 
disappears, just as in other cases of conjugation. Thus sodium 
formate, acetate, and oxalate become I, II, and IIT: 


+ J”. + + /O. + 
) CHC _ Na (IL) CHC’ _ SNa 
—_ = oun a _— 
+ O + + O. ood + O-o-O. + 
(I) Na“ _SO—C¢_“SNa or Nac | — Na. 
-S 


In compounds of this type the sodium cannot neutralise either of 
the negative charges by forming a covalency, since this implies 
the addition of electrons to an element that already has as many 
as it can carry. The metal is therefore pictured as occupying a 
co-ordinated position, in which it is disposed symmetrically (com- 
pare Hantzsch, Ber., 1917, 50, 1438) in reference to two negatively- 
charged oxygen atoms. 

(b) A similar co-ordinated position may be assigned to the mobile 
hydrogen in glutaconic acid (I) (Thorpe, T., 1905, 87, 1680) and 
in ethylidenemaleic ester (II) (Goss, Ingold, and Thorpe, this vol., 
p. 327). In these cases, however, the kation is placed between two 


—CH— groups instead of between two negatively-charged oxygen 
atoms. 


cee bee 
+ CH’, SO” 4 of 4. SO 
(L.) CH SH _ (II.) CH CC SHS _ 
CHK 4. 0. + Ce 450 
Cf . YH ore 

0’ 0C,H, 


A study of the models suggests that in the latter compound at 
least the hydrogen-ion may be symmetrically placed in reference 
to four negatively-charged groups; and this further co-ordination 
may well be a decisive factor in making possible the isolation of 
the ionised form of the ester. 

(c) The symmetrical formula assigned on similar grounds to 
the CO,-ion is in harmony with crystallographic data. The lesser 
symmetry of the ClO,-ion finds a natural explanation in the presence 
of a complete octet instead of a sextet of L-electrons round the 
kernel of the central atom. 
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10. Tautomeric Ions. Electrotropy and Prototropy. 


(a) In the light of our present knowledge of the structure of 
matter it is possible to distinguish clearly two special cases of the 
general phenomenon of dynamic isomerism, namely : 

(i) Electrotropy, or reversible change in electromers, which differ 
only in the arrangement of the electrons (H. S. Fry, “ Electronic 
Conception of Valence,” p. 11). 

(ii) Prototropy, or the reversible change of protomers, which 
differ from one another in the position of a proton or hydrogen 
nucleus. 

The general case, in which the isomerides may differ in the 
relative position of radicles other than hydrogen, is classified most 
conveniently according as the isomeric change is obviously reversible 
or allelotropic (Knorr, Annalen, 1899, 306, 332), or is so nearly 
complete that reversal can only be detected by indirect methods, 
for example, by the preparation of derivatives of a labile form, 
as in the case of y-isatin, or by means of actions such as the bromin- 
ation of acetone or the racemisation of carboxylic acids, in which 
the existence of a labile enolic form can be postulated as an inter- 
mediate product. This case has been described as pseudomerism 
(von Baeyer, Ber., 1883, 16, 2188) or as merotropy (Michael, Annalen, 
1908, 363, 20), the latter term being defined by the characteristic 
“that a body of stable constitution goes over into the derivative 
of an isomer.” 

(6) The theory of mixed double bonds throws a new light on these 
phenomena, since it assigns identical formule to the tautomeric 
ions of isodynamic compounds. An examination of a series of 
typical formule shows that a tautomeric ion is one that can be written 
in two different ways because there are two points at which a hydrogen 
nucleus or a radicle can be attached. The two forms of the ion are 
tautomeric, in the sense of Laar’s original definition, since they 
are “not isomeric but identical”; but they yield protomeri¢ 
hydrides, and isomeric derivatives with radicles such as methyl 
and ethyl. Thus, the tautomeric ion, —S—C=N or S—C—N—, 
of thiocyanic acid can now be represented by a single formula, 
from which two protomeric acids and two isomeric ethyl derivatives 
may be derived, as in the scheme 


+ — + — 
_ 4 _ + HSC=N —> C,H,S:C=N 
S—C—=N <O 


ee. —+ 
™~ S—C—NH — 8:C—N-C,H; 

In this case, the two forms of the acid have not been isolated, but 
the isomeric esters are well known. 
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(c) In the same way, the two forms of ethyl acetoacetate, 


CO-CH, C(OH)-CH, 
CH<¢0.003H, = CH< TY ‘OCH, ? 


may be derived from a common ion, as in the following scheme : 
(2) 


ae 
C(CH,)-O _ C(CH,)-O. + G(CH,)-OH 
CH + ; - : HC 4 ; - »Na—> CHS 4 ‘ 
\G(OEt)-O O(OEt)-0- \G(OEt)-O 
6 
(II.) Ketone. (I.) Ion. (III.) Enol. 


The tautomeric ion (I) has three negatively-charged atoms to which 
a hydrogen nucleus may be attracted, but it is usually assumed 
to settle down in the position (2) or (4). It therefore gives two 
protomeric hydrides, namely, an enol (III), in which the con- 
jugated system is maintained almost intact (Thiele, Annalen, 1899, 
308, 337), and a ketone (II), in which it is broken up into two 
separate double bonds. 

(d) Whilst tautomeric ions are usually bipolar anions, precisely 
similar phenomena may occur in bipolar kations, as in the thio- 
cyanines (Mills and Braunholtz, T., 1922, 121, 1490), where a mobile 
iodine atom is attracted by two positively charged nitrogens, as 
in the formula 


H H H 

Fe Vag w ent 
CH;: cr “- G- cr +CH 
HC- -C—-N+ hE -CH 


-L 
Yow, I’ yu Y 

H ade | 
Both nitrogen atoms are quaternary ions, which (like a metal) 
are unable to accept additional electrons. The iodine is therefore 
unable to form a covalent bond with either atom, and appears to 
settle down in a symmetrical position between them (compare 
sodium acetate). It will be seen that, in this method of repre- 
sentation, the central ring-system corresponds very closely with 
that of benzene or pyridine, from which it differs mainly in that 
two of the covalencies are suppressed and the iodine is held in 
place by electrovalencies only. In this respect it may be com- 
pared with Morgan’s formula for the acetylacetonates (T., 1914, 


105, 193). 
11. Co-ordination. 


(a) The theory of mixed double bonds has revealed an unexpected 


relationship between tautomerism and co-ordination, since it appears 
FE* 
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that tautomeric ions in general should tend to form co-ordinated 
complexes. Thus iron, in its co-ordinated compounds, usually 
acquires possession of six instead of three radicles, as in the ferri. 
oxalates. In the case of a tautomeric ion, the metal adheres to 
both of the alternative points of attachment, and so gives rise 
with special ease to co-ordination. The use of ferric chloride as 
a reagent for detecting enols therefore appears as a test for bipolar 
or tautomeric ions by the production of a co-ordinated complex; 
for example, the red colour of ferric acetate and of ferric thiocyanate 
can be attributed to co-ordinated complexes of the type 


+ 0. att + ZN. +++ 
CH, CC — >4Fe and ios ‘4 Fe 
\6- Ne, 


(6) The conventional formula (I) for the acetylacetone complex 


makes a distinction between (i) a double and a single bond between | 


carbon atoms, (ii) an alcoholic and ketonic oxygen, (iii) a principal 
and a supplementary valency. When polar double bonds are 
used, the tautomeric ion becomes completely symmetrical as in II, 
and the co-ordination complex may be compared with the closely 
analogous oxalates 


CH. : 
raat C—o "Se—0 \+ “Bo q 
(L) HOZ Ni (LL) HC< * ~ Li (iL) HoZ SCSI 
Sc=0/ Sc-0” Sco” 
/ ral a 
CH, CH, CH; 


Formula Il may be compared with the symmetrical formula III 
put forward by Morgan (T., 1914, 105, 193), who compares 
formula I with Kekulé’s formula for benzene, and suggests that 
the two alternative forms may oscillate through the centric 
phase III. This analogy with benzene is confirmed in the new 
formule now under discussion. Thus the action of hydrogen 
chloride and of methyl iodide on ethyl sodioacetoacetate can be 
formulated as involving the formation of 1 : 2- and 1 : 4-addition 
compounds followed by the removal of sodium chloride or sodium 
iodide : 


H H H CH 
x C ~~ 
C,H;O°Cr *+¢°CH;<- C,H;0°¢+ +O-CH,—> C,H;0°-¢+ +¢-CH; 
G- -Gf O- -O o- —& 
NaCl br Nal 
Na 
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Summary. 


(a) The introduction of electrovalencies into organic chemistry 
provides a uniform interpretation of (i) unsaturation, (ii) reactivity, 
especially in compounds such as zinc methyl and the Grignard 
agent, (iii) partial valencies, (iv) conjugation, (v) alternate polarities, 
(vi) crossed polarities in conjugated compounds, (vii) the structure 
of benzene, (viii) the laws of substitution in benzene, (ix) crossed 
polarities in benzene, (x) the structure of naphthalene, anthracene, 
etc., (xi) the crystal structure of graphite, (xii) the structure of 
carboxylic acids, (xiii) the structure of the glutaconic acids, (xiv) 
tautomeric or bipolar ions, (xv) co-ordination, (xvi) the relation 
between tautomerism and co-ordination. 

(b) Various symbols have been used from time to time by organic 
chemists in the attempt to represent electrovalencies, for example, 
the zigzag single and double bonds of von Baeyer, the dotted lines 
and parentheses of Thiele, the brackets of Hantzsch, the principal 
and supplementary valencies of Werner, the centric bonds of Arm- 
strong and von Baeyer, and the para-bond of Dewar’s formula for 
benzene. All these can now be replaced by the + sign which is 
used universally to represent electrovalency in compounds such as 
sodium chloride. 
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(.—The Action of Methyl Sulphate on Diphenylamine 
and on Methyldiphenylamine. 


By CHARLES STANLEY GIBSON and DUDLEY CLOETE VINING. 


Iv connexion with another investigation we required some quantity 
of methyldiphenylamine and ethyldiphenylamine and consequently 
we have been led to study somewhat closely the action of methyl 
sulphate and, to a less extent, ethyl sulphate, on diphenylamine. 
Ullmann, who after Claesson and Lundvall (Ber., 1880, 13, 1700) 
developed the use of methyl sulphate as a methylating agent, 
studied its action on diphenylamine and described the preparation 
of methyldiphenylamine (Annalen, 1903, 327, 104). On carefully 
repeating Ullmann’s work, we have not been able to obtain the high 
yield (79 per cent.) of the tertiary base, and we have found that a 
quaternary compound and a monosulphonic acid of methyldipheny]- 
amine appear to be normal products of the reaction carried out 
under the conditions described by him. The sodium salt of 


methyldiphenylaminesulphonic acid we have proved to be 
FE* 2 
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identical with the sodium salt isolated from the product, which 
is a mixture, of the action of concentrated sulphuric acid on methyl. 
diphenylamine as described by Cloéz (Compt. rend., 1897, 124, 
900; Friedlander, 1893, III, 109, 1001; D. R.-P., 73126, 73178). 
No reference to the sulphonating action of methyl sulphate has 
appeared in the literature, and this is all the more remarkable 
since the same methyldiphenylaminesulphonic acid is also produced 
in considerable quantity when methyl sulphate is heated with 
methyldiphenylamine at 140—150° under the conditions described 
by Gadomska and Decker (Ber., 1903, 36, 2487), who only isolated 
derivatives (namely, the iodide and picrate) of dimethyldiphenyl. 
ammonium hydroxide from this reaction. Even when the same 
substances are heated in benzene solution on the water-bath the 
same sulphonic acid is produced along with the quaternary 
compound. 

Methyl sulphate reacts very slowly with diphenylamine at the 
ordinary temperature. After forty-eight hours, 99°4 per cent. of 
the original diphenylamine was recovered unchanged as hydro- 
chloride. After five weeks, some hydrogen methosulphate of 
diphenylamine had crystallised out and 22°9 per cent. of the original 
diphenylamine had been converted into methyldiphenylamine. 
This is at variance with Werner’s explanation of the reaction 
between arylamines and methyl sulphate (T., 1914, 105, 2764) and 
is in agreement with the conclusions of Ullmann, which were con- 
firmed by Shepard (J. Amer. Chem. Soc., 1916, 38, 2507). Since we 
have found that a quaternary compound and methyldiphenylamine- 
sulphonic acid are always products of the reaction between dipheny]- 
amine and methyl sulphate at the water-bath temperature and that 
the same sulphonic acid accompanies the formation of the quaternary 
compound produced by heating together methyldiphenylamine and 
methyl sulphate, we believe that the methyldiphenylaminesulphonic 
acid is a normal product of the reaction. In the light of our experi- 
mental results, we suggest that the reactions taking place are 
probably : 


NH(C,H;)2 + (CH;),S0, —> [CH,‘N(C,H,), ++ HSO,CH,] —> 
(CH).N(CgH;5).°SO,H 


CH,‘N(C,H;)-C,H,'S0,H -+ CH,-OH 
sy CHy'N(CgH;)-CoHySO3H + (CH,),0 


CH,'N(C,H;)2 + (CH3),80,— 


+ (CH,),.N(CgH;)2°SO,°CH, 


Methyldiphenylamine can be produced conveniently and in good 
yield at the water-bath temperature by the action of methyl sulphate 
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on diphenylamine in the presence of a suitable alkali, that is, under 
wnditions which minimise the possibility of any sulphonation of 
methyldiphenylamine taking place. We have also shown that 
the production of sodium methyldiphenylaminesulphonate by the 
tion of methyl sulphate on diphenylamine or on methyldiphenyl- 
amine is to be preferred above the sulphonation of methyldipheny]l- 
amine by means of concentrated sulphuric acid. 

The aniline salt is the only derivative of methyldiphenylamine- 
silphonic acid so far described which has a definite melting point 
(179—180°) and, after melting, the product solidifies at a definite 
temperature (195—196°).* The solid product resulting in quantit- 
itive yield is sulphanilic acid, and methyldiphenylamine is formed 
at the same time. An investigation of the decomposition by heat 
of the aniline salts of other sulphonic acids is in progress in order 
to determine whether this mode of decomposition is unique. 

Incidentally, we have examined the properties of methyldiphenyl- 
amine and we describe a convenient method for the preparation 
of diphenyldimethylammonium iodide. 

We have obtained no definite indication of the formation of a 
sulphonic acid of ethyldiphenylamine. We have prepared ethyl- 
diphenylamine by the action of ethyl sulphate on diphenylamine, 
according to Ullmann’s method, and observed the formation of 
ether during the reaction. 

We are continuing the investigation of methyldiphenylamine- 
sulphonic acid with a view to its definite orientation and the 
examination of its more important derivatives. 


EXPERIMENTAL. 


The Reaction between Methyl Sulphate and Diphenylamine, and the 
Preparation and Properties of Methyldiphenylamine. 

For the investigation of the reaction at the ordinary temperature, 
16-9 grams (1 mol.) of diphenylamine, 12°6 grams (1 mol.) of methyl 
sulphate,t and 150 c.c. of pure toluene were mixed together, when 
no rise in temperature was noticed. After standing for forty-eight 
hours, there was no sign of crystallisation. The solution was then 
divided into two equal portions. Cooling in ice, one half was 
carefully treated with a slight excess of sodium hydroxide solution, 
and the washed toluene layer shaken with an excess of concentrated 

* In this connexion, it is worthy of record that A. G. Perkin and Sewell 
(J. Soc. Chem. Ind., 1923, 42, 277) have recently recorded the convenience 
of the use of arylamine (especially aniline) salts for the identification and 
purification of anthraquinonesulphonic acids. 

+ The methyl sulphate used throughout the work was very carefully 
purified. It was neutral in reaction and had a boiling point of 75— 


77°/12 mm. 
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hydrochloric acid. The white, crystalline material which separated 
weighed, after drying, 10°2 grams; it melted at 179—181° with 
decomposition and was identical in all respects with a specially 
prepared specimen of diphenylamine hydrochloride. The amount 
of diphenylamine hydrochloride recovered showed that 99°4 per 
cent. of the original diphenylamine was unchanged. The other 
half of the toluene solution, after standing for five weeks, had 
deposited a quantity of colourless plates which were somewhat 
hygroscopic and melted with slight decomposition at 123—127°, 
The substance was sparingly soluble in water, and its cold hydro. 
chloric acid solution gave no precipitate with a solution of barium 
chloride, but on boiling barium sulphate was gradually precipi- 
tated. On treatment with an excess of aqueous caustic soda, the 
crystals yielded an oil which, from its benzene solution, was con- 
verted into diphenylamine hydrochloride (m. p. 179° with decom. 
position). The amount of diphenylamine hydrochloride obtained 
represented 23°7 per cent. of the base originally taken, and the 
crystals which separated from the toluene solution were evidently 
the hydrogen methosulphate of diphenylamine. The mother. 
liquor from the crystals of the hydrogen methosulphate was care- 
fully mixed with an excess of aqueous caustic soda and the toluene 
solution mixed with concentrated hydrochloric acid. Dipheny). 
amine hydrochloride separated and the filtrate from this, when 
treated in the usual manner, gave methyldiphenylamine (b. p. 290— 
292°). The amount of methyldiphenylamine obtained corresponded 
to 23 per cent. of the original diphenylamine taken, whilst 72 per 
cent. was recovered as diphenylamine hydrochloride. 

After the preliminary experiments, in which the conditions 
described by Ullmann (loc. cit.) were adhered to as far as possible, 
had indicated (1) that the yield of methyldiphenylamine obtained 
was much less than that obtained by Ullmann, (2) that the alkaline 
liquid contained a considerable quantity of a sodium salt of a 
monosulphonic acid of methyldiphenylamine, and (3) that from the 
alkaline liquid a heavy oil separated from which derivatives of 
diphenyldimethylammonium hydroxide were readily obtained, it 
was found that the reaction could be carried out either in the 
presence or absence of benzene, and that the reacting quantities of 
diphenylamine and methyl] sulphate, and the time of heating, could 
be varied considerably without greatly affecting the results. In all 
cases, the reaction was accompanied by the formation of a volatile 
substance, probably a mixture of methyl alcohol and dimethyl 
ether, which usually escaped condensation. The following is a 
description of one of many experiments. 

33°8 Grams (1 mol.) of diphenylamine, 37°8 grams (1°5 mols.) 
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of methyl sulphate, and 75 c.c. of pure benzene were heated on a 
water-bath under a reflux condenser for three hours, and the benzene 
was then separated by steam distillation. After cooling, a slight 
excess of sodium hydroxide solution was added, when the crude 
base separated as an oil on the surface and a quantity of a somewhat 
viscous oil separated at the bottom of the alkaline solution. The 
whole mixture was further diluted with water and boiled vigorously 
for about thirty minutes, when the heavy oil (p. 834) no longer 
separated as a definite layer. The cold alkaline solution deposited 
colourless crystals, the sodium salt of methyldiphenylaminesulphonic 
acid (p. 836), and to facilitate the separation of the base the alkaline 
solution was kept at about 50° during the extraction with benzene. 
The washed benzene solution was shaken and then allowed to stand 
for some hours with concentrated hydrochloric acid, and the 
diphenylamine hydrochloride which separated was filtered off and 
dried (weight = 6°1 grams). Methyldiphenylamine was isolated 
from the hydrochloric acid solution of its hydrochloride in the usual 
manner and finally distilled under ordinary pressure; the fraction 
boiling at 291—292° and collected between 290° and 295° weighed 
18'1 grams. It was found to be almost pure methyldiphenylamine 
and corresponded to a yield of 49°5 per cent. of the theoretical. 
This is the highest yield of the base we have obtained under the 
conditions described by Ullmann, whereas he stated that he obtained 
a yield of 79 per cent. of the theoretical and did not describe either 
the formation of a methyldiphenylaminesulphonic acid or of a 
heavy oil, which is chiefly diphenyldimethylammonium hydroxide. 
The amount of sodium methyldiphenylaminesulphonate obtained in 
the experiment described was 6°4 grams. 

As far as the preparation of methyldiphenylamine itself is con- 
cerned, it seemed clear that the conditions should be such as to 
minimise any sulphonation or formation of a quaternary compound. 
The following is a description of a typical preparation of the tertiary 
base. 

A mixture of 33°8 grams (1 mol.) of diphenylamine and 37°8 grams 
(1‘5 mols.) was heated for about ten minutes in a water-bath, when 
the formation of dimethyl ether was noticed. A solution of 35 
grams of anhydrous sodium carbonate in 200 c.c. of water at a 
temperature of 50° was then run into the mechanically stirred 
mixture during three hours. The mixture was extracted with 


benzene and the washed benzene solution shaken and then allowed 
to stand with 50 c.c. of concentrated hydrochloric acid. The 
diphenylamine hydrochloride was filtered off and dried. It weighed 
The filtrate from this was made alkaline, when the 
The benzene solu- 


50 grams. 
liberated base dissolved in the benzene layer. 
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tion after washing and drying was distilled. The tertiary base 
distilled almost entirely at 291—292°, and the distillate, almost 
pure methyldiphenylamine, weighed 25°5 grams. Allowing for the 
unchanged diphenylamine recovered as hydrochloride, the actual 
yield of methyldiphenylamine obtained was 79°4 per cent. of the 
theoretical quantity. 

Some uncertainty exists as to the boiling point of methyldipheny). 
amine. We have found the boiling point of the pure base to be 
291—292° under atmospheric pressure and 145—145°5°/10 mm. 
The pure base is a pale yellow oil which gradually acquires a faintly 
red colour on exposure to air. It was identified by conversion into 
its chloroplatinate, avhich separated in lustrous, golden-yellow, 
prismatic needles on mixing alcoholic solutions, containing hydro. 
chlorie acid, of the base and platinic chloride (Found: Pt = 25:14. 
Cale., Pt = 25°15 per cent.). The compound melted and decom. 
posed at 207—209°. 


Salis of Methyldiphenylaminesulphonic Acid. 


Sodium Salt.—It has been remarked that in working up the 
reaction product of methyl sulphate and diphenylamine according 
to Ullmann’s method an appreciable quantity of a sodium salt of 
methyldiphenylaminesulphonic acid was always obtained. It was 
found to be almost pure, and later was shown to be identical with 
the sodium salt of methyldiphenylaminemonosulphonic acid pre- 
pared by Cloéz (loc. cit.), who, however, did not obtain it pure. 

The salt is readily soluble in water and sparingly soluble in a 
dilute solution of sodium hydroxide. It is insoluble in pure ethyl 
alcohol and crystallises from water in beautiful, colourless, 
glistening plates containing two molecules of water of crystallisation 
(Found: H,O = 11°7. C,,;H,;,0,;NSNa,2H,0 requires H,O = 11:2 
percent. Found: S= 113; Na= 802. C,,;H,,.0,NSNa requires 
S = 11:22; Na = 8-07 per cent.). 

Silver Salt, CH,*N(C,H;)*CgH,ySO,Ag.—This was obtained in 
small colourless plates on mixing cold aqueous solutions of 
the pure sodium salt and pure silver nitrate (Found: Ag = 29°0. 
C13H1,0,NSAg requires Ag = 29°10 per cent.). 

The barium salt, [CH,*N(C,H;)*C,H,SO,],Ba, is very sparingly 
soluble in cold water and separates in beautiful, glistening plates 
on mixing boiling aqueous solutions of the pure sodium salt and 
pure barium chloride (Found : Ba = 20°3. C,g.H,,0,N.S,Ba requires 
Ba = 20°76 per cent.). 

The magnesium salt, [CH,*N(C,H;)-C,H,°SO,],Mg,6H,O, has a 
much greater solubility in water than the barium salt and is very 
similar in appearance. It was prepared in a similar manner, using 
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magnesium sulphate (Found: H,0 =16°9. C,,H,,O,N,S,Mg,6H,O 
requires H,O = 16°5 per cent. Found: Mg = 4°03. C,,H,,O,N,S,Mg 
requires Mg = 4°43 per cent.). 

The free acid prepared from the pure barium salt by treatment 
with the calculated quantity of sulphuric acid did not crystallise 
on being left in a vacuum desiccator for some weeks. After unsuc- 
cessful attempts to prepare the acid chloride and definite nitration 
products, it was converted into the aniline salt. 

Aniline Salt, CH,*N(C,H;)*C,H,SO,NH,°C,H;.—This was pre- 
pared by carefully mixing the free acid with a slight excess of pure 
aniline. The salt may be recrystallised from alcohol, in which it is 
readily soluble, but it is best separated from any aniline sulphate, 
the presence of which may be due to a little free sulphuric acid in 
the crude methyldiphenylaminesulphonic acid, by recrystallisation 
from moist benzene. From this solvent the salt separates in fine, 
colourless needles which rapidly effloresce in air. The salt may be 
further purified by recrystallisation from boiling water and dried 
at the ordinary temperature (Found: C= 643; H = 5°70. 
Ci9Hap03N.S requires C = 64°00; H = 5°66 per cent.). 

On heating in a melting-point tube, the aniline salt melts sharply 
at 179—180° (uncorr.), and on further heating the product in the 
tube resolidifies at 195—196°. This is the only derivative of the 
acid so far described which has a definite melting point and is 
therefore convenient for the identification of the acid. 

For the investigation of the action of heat, 4°3 grams of the pure 
aniline salt were heated in a gentle stream of dry carbon dioxide. 
The temperature of the heating bath was gradually raised to and 
finally maintained at 210—215° for one hour. Drops of an oily 
liquid appeared on the sides of the tube after the contents had 
melted and solidified. After washing and drying, the solid product 
weighed 2°15 grams. It was recrystallised from water and obtained 
in colourless, tabular crystals which contained water of crystallis- 
ation. The substance had the physical and chemical properties 
of sulphanilic acid, and its identity was finally fully established by 
the analysis of the pure anhydrous material (Found: C = 41°2, 
414; H=41, 41. Cale, C= 41°58; H-=4-08 per cent.). 
Sulphanilic acid was also produced when the aniline salt was boiled 
with an excess of aniline. The benzene washings from the sulph- 
anilic acid, on evaporation, gave a liquid residue, somewhat blue in 
colour, which was basic and had the characteristic odour of methyl- 
diphenylamine. This was converted into the chloroplatinate 
(Found: Pt = 24:4. Calc., Pt = 25°15 per cent.). Although the 
salt was apparently not quite pure, it is evident that the oil 
from which it was produced was chiefly methyldiphenylamine. 
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According to the equation CH,*N(C,H;)-C,H,SO,NH,°C,H, = 
NH,°C,H,SO,H + CH;°N(C,H5)o, 209 grams of anhydrous sulph- 
anilic acid should be obtained from 4°3 grams of the aniline salt, 
whereas 2°15 grams was the weight of the crude dry material actually 
obtained. 

When 31 grams of methyldiphenylamine were heated with 17 
grams of concentrated sulphuric acid under the conditions described 
by Cloéz (loc. cit.), 11°9 grams of unchanged base were recovered 
and 12 grams of a crude sodium methyldiphenylaminesulphonate 
obtained. This crude salt shows a marked tendency to become blue 
and is evidently a somewhat complex mixture. On careful crystal- 
lisation, only 6 grams of pure sodium methyldiphenylaminesulphon- 
ate, identical with the salt already described, were obtained (Found : 
H,O = 11°5. C,,;H,,0,NSNa,2H,O requires H,O = 11:2 per cent. 
Found: Na= 79. C,,H,,0,NSNa requires Na = 8:07 per cent.). 
The identity of the salt was finally established by conversion into 
the barium salt, free acid, and finally into the aniline salt, which 
melted at 179—180° and the molten product resolidified at 195— 
196°. A mixture with the aniline salt previously described showed 
no difference in behaviour. 

The best way of preparing sodium methyldiphenylamine- 
sulphonate is by the action of methyl sulphate on methyldiphenyl- 
amine, which reaction, according to Gadomska and Decker (loc. cit.), 
only gives rise to a salt of diphenyldimethylammonium hydroxide. 
The following is a description of a typical preparation. 

A mixture of 39:2 grams (1 mol.) of methyldiphenylamine and 
27 grams (1 mol.) of methyl sulphate was heated on the water-bath 
for twelve hours, dimethyl ether being produced during the reaction. 
The product was boiled with an aqueous solution of sodium hydroxide 
for two hours and then extracted with benzene at about 50°. After 
drying, the benzene extract was distilled and gave 12-9 grams of 
methyldiphenylamine, b. p. 290—295°. Sodium methyldipheny]- 
aminesulphonate separated in the characteristic manner from the 
aqueous alkaline solution. It weighed 22:8 grams, corresponding 
to a yield of 55°7 per cent., calculated on the amount of base used 

up in the reaction, and after one recrystallisation from 90 per cent. 
alcohol it was found to be pure. It was dried at 110° (Found: 
Na =7°8. Calc., Na = 8:07 per cent.). By conversion into the 
aniline salt it was shown to be identical with the sodium salt already 
described. 


Salis of Diphenyldimethylammonium Hydroxide. 


The formation of a heavy oil on working up the product of the 
methylation of diphenylamine under the conditions described by 
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Ullmann has already been referred to (p. 834). For the preparation 

of a sufficient quantity for investigation, 33°8 grams (1 mol.) of 
diphenylamine, 37°8 grams (1°5 mols.) of methyl sulphate, and 50 c.c. 
of benzene were heated for six hours on the water-bath. The 
product was then mixed in the cold with a slight excess of sodium 
hydroxide solution and the heavy oil which separated at the bottom 
of the solution was removed. Sodium methyldiphenylamine- 
sulphonate crystallised as usual from the alkaline solution and 
methyldiphenylamine and unchanged diphenylamine were separated - 
from the benzene layer. The oil is readily soluble in water and 
separates again from its aqueous solution on addition of alkali. 
The oil is also soluble in alcohol and from the alcoholic solution 
sodium methyldiphenylaminesulphonate (identified by analysis) 
separated, showing that the latter compound is soluble in the oil. 
That the oil consisted chiefly of diphenyldimethylammonium 
hydroxide was shown by the preparation from it of the chloro- 
platinate, iodide, and picrate. 

Diphenyldimethylammonium chloroplatinate, 

[(CH3).N(CgH;)o |, PtClg, 
which has not been previously described, was obtained as a golden- 
yellow precipitate from the oil in the usual manner. It decom- 
poses at 180—182° (Found: Pt = 23°7. C,,H,.N,Cl,Pt requires 
Pt = 24°3 per cent.). 

The iodide of the same base was prepared by the addition of 
concentrated aqueous hydriodic acid to the alcoholic solution of 
the oil. Its separation in colourless needles was facilitated by the 
addition of ether. The salt was recrystallised from alcohol, and by 
its melting point (163—164°) and analysis (Found: I = 39°3. 
Caic., I = 39°05 per cent.) was proved to be identical with the 
compound prepared by Gadomska and Decker by the action of 
potassium iodide on the corresponding methosulphate. The picrate, 
prepared from the alcoholic solution of the oil in the usual manner, 
separated in beautiful yellow plates melting at 167—168°. 

The following experiment illustrates the most convenient method 
for the preparation of diphenyldimethylammonium iodide. 24°4 
Grams (1 mol.) of methyldiphenylamine, 16°8 grams (1 mol.) of 
methyl sulphate, and 30 c.c. of benzene were heated for twelve 
hours on the water-bath. The reaction product was shaken with a 
saturated aqueous solution of 28 grams of potassium iodide. The 
colourless crystals which separated were filtered off and after drying 
weighed 12-2 grams, that is, 28-1 per cent. of the theoretical quantity. 
They were recrystallised from alcohol and had a melting point of 
166—168°, and were therefore diphenyldimethylammonium iodide. 
The filtrate from the iodide was made alkaline with a slight excess 
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of a solution of sodium hydroxide, steam-distilled to remove the 
benzene, and then boiled for thirty minutes. From the alkaline 
solution, 4°8 grams of methyldiphenylamine (19°7 per cent. of the 
theoretical quantity) were recovered by extraction with benzene, 
and 13:2 grams of sodium methyldiphenylaminesulphonate (34:7 
per cent. of the theoretical quantity) were filtered off. The latter 
compound was recrystallised from 90 per cent. alcohol and proved 
to be identical with the sodium salt described above. When the 
product of the reaction is worked up in the reverse order, that is, 
by treatment first with sodium hydroxide and then with potassium 
iodide, a larger quantity, amounting on the average to 45°9 per cent. 
of the theoretical quantity, of methyldiphenylamine is recovered, 
whilst the iodide tends to be contaminated with the sodium salt 
of methyldiphenylaminesulphonic acid. The larger amount of 
methyldiphenylamine obtained in this case shows that the quaternary 
hydroxide is to some extent decomposed by boiling the alkaline 
solution. 

The same quantities of methyldiphenylamine and methyl sulphate 
were heated at 140—150° for two hours, that is, under the conditions 
described by Gadomska and Decker (loc. cit.). At 130—135°, a 
very vigorous reaction, which very quickly subsided, set in and 
volatile products (probably dimethyl ether and methyl] alcohol) were 
evolved. The reaction product was worked up in a manner similar 
to that described above; 11°8 grams of diphenyldimethylammonium 
iodide (m. p. 166—168°), that is, 27:2 per cent. of the theoretical 
quantity, 12°0 grams of sodium methyldiphenylaminesulphonate 
(31-6 per cent. of the theoretical quantity), and only a small amount 
of unchanged methyldiphenylamine were obtained. 


Action of Ethyl Sulphate on Diphenylamine. Ethyldiphenylamine. 


The ethyl sulphate used was neutral in reaction and boiled at 
89—92°/12 mm. The reaction was carried out under the same 
conditions as for the preparation of methyldiphenylamine (p. 834) 
except that the time of heating was twenty hours. During the 
reaction diethyl ether was detected in the flask, and the mixture 
finally became green and highly viscous. The product was worked 
up in the usual manner. No very definite indication of the form- 
ation of a sulphonic acid of ethyldiphenylamine was obtained. 
From 33°8 grams (1 mol.) of diphenylamine and 46-2 grams (1°5 mols.) 
of ethyl sulphate, 15:4 grams (39°0 per cent. calculated on the 
diphenylamine taken) of ethyldiphenylamine and 2-9 grams of 
diphenylamine hydrochloride were obtained. When the time of 
heating was twelve hours, a yield of 35:5 per cent. of ethyldipheny]- 
amine was obtained. 
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The crude ethyldiphenylamine boiled at 292—295°. As some 
uncertainty exists with regard to the boiling point of ethyldiphenyl- 
amine, the product was carefully purified by distillation. The pure 
base, which is an almost colourless oil, has a boiling point of 149°5— 
150°/10 mm. It was identified by conversion in the usual manner 
into its chloroplatinate, which does not appear to have been previ- 
ously described. This compound was obtained in golden-yellow 
prisms, m. p. 166—169° with decomposition (Found: Pt = 23°9. 
CogHggN.Cl,Pt requires Pt = 24-27 per cent.). 


We desire to express our thanks to Mr. F. B. Windle for his help 
in connexion with the analytical portion of this work. 
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CI.—The Properties of Ammonium Nitrate. Part V. 
The Reciprocal Salt-pair, Ammonium Nitrate and 


Potassium Chloride. 
By Epear Pui PerMan and Horace LEONARD SAUNDERS. 


TuIs system is similar in many respects to that of ammonium 
nitrate and sodium chloride, dealt with in Part IV. The chief 
difference is that in this case the two nitrates are isomorphous 
whereas there is no isomorphism between sodium and ammonium 
nitrates. 

The method employed was the same as described in Part III 
(T., 1922, 121, 963) with the exception that a sharper reading of 
the crystallising point was obtained by placing a metal filament 
electric lamp behind the tube containing the fused salt. When 
crystallisation began, two adjacent filaments could no longer be 
distinguished. In this way, a difference of no more than 0°2° in 
consecutive readings was obtained. 

Binary Systems.—There are five, namely, 

(a) Ammonium nitrate and ammonium chloride (see Part IV, 
T., 1922, 121, 2475). Eutectic temperature at 141°. 

(6) Ammonium nitrate and potassium nitrate. Eutectic tem- 
perature at 156°5° with 13°6 per cent. of KNO,. 

(c) Potassium nitrate and potassium chloride. Eutectic tem- 
perature at 331°5° with 5°6 per cent. of KCl. 

(d) Ammonium chloride and potassium chloride; cannot be 


realised. 
(e) In addition to these, the general diagram shows that ammonium 
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chloride can form a binary system together with mixed crystals of 
ammonium and potassium nitrates. 

Ternary Systems.—Only one has been realised, namely, ammonium 
chloride, ammonium nitrate, and mixed crystals of potassium 
nitrate and ammonium nitrate (together with liquid and vapour) 
at a temperature of 134°5°; but for the decomposition of the 
ammonium salts, another system would be expected, consisting of 
ammonium chloride, potassium chloride, and mixed crystals of 
potassium nitrate and ammonium nitrate. 

Melting-point curves have been constructed for the following 
mixtures, with varying proportions of the constituents : 

(1) Ammonium nitrate and ammonium chloride. (2) Ammonium 
nitrate and potassium nitrate. (3) Ammonium nitrate and potass- 


Fig. 1. 
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ium chloride. (4) (Ammonium nitrate + 1°87 per cent. of ammon- 
ium chloride) and potassium chloride. (5) (Ammonium nitrate + 
4 per cent. of ammonium chloride) and potassium chloride. (6) (Am- 
monium nitrate -++ 7 per cent. of ammonium chloride) and potassium 
chloride. (7) (Ammonium nitrate + 9°5 per cent. of ammonium 
chloride) and potassium chloride. (8) (Ammonium nitrate-ammonium 
chloride eutectic) and potassium chloride. (9) (Ammonium nitrate- 
ammonium chloride eutectic) and potassium nitrate. (10)(Ammonium 
nitrate -- 4 per cent. of potassium nitrate) and potassium chloride. 
(11) (Ammonium nitrate + 8 per cent. of potassium nitrate) and 
potassium chloride. (12) (Ammonium nitrate + 10 per cent. of 
ammonium chloride) and potassium nitrate. (13) (Ammonium 
nitrate + 13°6 per cent. of potassium nitrate) and potassium 
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chloride. (14) (Ammonium nitrate—potassium nitrate eutectic) and 
ammonium chloride. (15) (Ammonium nitrate + 16 per cent. of 
potassium nitrate) and ammonium chloride. (16) (Ammonium 
nitrate + 19 per cent. of potassium nitrate) and ammonium 
chloride. (17) Potassium nitrate and potassium chloride. 

Curve 1. Ammonium Nitrate and Ammonium Chloride (loc. cit.). 

Curve 2. Ammonium Nitrate and Potassium Nitrate (Fig. 1).— 
Although these salts are isomorphous, the curve shows a well- 
defined minimum and is of the usual type for two substances 
forming neither a compound nor mixed crystals. However, a few 
similar cases have been observed previously, namely, naphthalene 
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Ammonium nitrate and potassium chloride. 


and monochloroacetic acid, potassium and thallium nitrates (Cady, 
J. Physical Chem., 1899, 3, 127; Van Eyk, Z. physikal. Chem., 1899, 
30, 430). The crystals are well defined on both sides of the minimum 
and very similar to each other. By analysis, the crystals separating 
have been shown to be ammonium nitrate below 13°6 per cent. of 
potassium nitrate, and a little above that concentration mixed 
crystals of the two nitrates with about 45 per cent. of the potassium 
salt. 

This proportion would no doubt increase with increase of potassium 
nitrate in the liquidus, until the temperature became unworkable. 

Curve 3. Ammonium Nitrate and Potassium Chloride.—This is a 
ternary system, and the curve (Fig. 2) is typical of several others, 
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for example, curves 4, 15, 16. It consists of two straight branches 
connected by a curved portion. The crystals separating are as 
shown in the diagram; below the straight branches, ammonium 
nitrate and ammonium chloride, respectively; below the curved 
portion, mixed crystals; on either side of this area, mixed crystals 
are added to the salt separating higher up. 

Curves 5, 6, and 7 (ammonium nitrate, ammonium chloride, and 
potassium chloride) each consist of two straight branches, ammonium 
nitrate crystallising on one side, and ammonium chloride on the 
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other. The lowest point of curve 5 is the lowest temperature 
(134°5°) obtained in the series and represents the ternary eutectic 
ammonium nitrate, ammonium chloride, and mixed crystals. It 
is confirmed by several secondary arrests (see appendix). Curves 
6 and 7 are similar except that at and below the lowest point the 
solid phase consists of ammonium nitrate and ammonium chloride. 
Curve 8 is without a left branch. There are several secondary 
arrests following the binary eutectic curve (see general diagram). 
Curve 9 (ammonium nitrate-ammonium chloride eutectic and 
potassium nitrate) first falls and then rises; it is almost entirely 
in the ammonium chloride area throughout. Below it is a somewhat 
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similar curve of secondary arrests following the binary curves 
ammonium nitrate, ammonium chloride, and later mixed crystals 
(AmNO;,KNO,) and ammonium chloride (see general diagram). 

Curves 10 and 11 (ammonium nitrate + 4 per cent. (8 per cent.) of 
potassium nitrate and potassium chloride) are of an exceptional 
character and consist of straight branches (the right-hand one being 
very steep), joined below by a short curve which is nearly hori- 
zontal (Fig. 3). The solid phases are as shown in the diagram. 

The mixed crystal area is a small triangular space below the 
flat curve. 

Secondary arrests corresponding with the binary eutectics 
converge to the ternary eutectic at 134°5°. 

Curve 12 (Ammonium Nitrate+ 10 per cent. of Ammonium 
Chloride) and Potassium WNitrate-—Left branch straight; right 
branch gently curved, solid phase mixed crystals. 

Curve 13 (Ammonium Nitrate 4+-13°6 per cent. of Potassium 
Nitrate) and Potassium Chloride.—Flat curve entirely in the mixed 
crystal area. 

Curve 14 (ammonium nitrate and potassium nitrate eutectic) and 
ammonium chloride, passes through the ternary eutectic; which is 
confirmed by several secondary arrests. Left branch straight, solid 
phase ammonium nitrate; right branch slightly curved, solid phase 
ammonium chloride. 

Curve 15 (ammonium nitrate + 16 per cent. of potassium nitrate) 
and ammonium chloride, consists of two straight, or nearly straight 
branches connected by a curved portion below. Solid phase on 
left side, mixed crystals; on right side, ammonium chloride. There 
are some secondary arrests at the ternary eutectic temperature. 

Curve 16 is similar to 15. 

Curve 17 is of the usual two-branch type. (We are indebted to 
Mr. W. R. Harrison for this piece of work, which was carried out 
with a mercury thermometer. No great accuracy can be claimed 
owing to the length of the exposed stem.) 

General Diagram.—The whole of the results are embodied in a 
general diagram (Fig. 4), constructed as described in Part IV 
(loc. cit., p. 2477). It shows one ternary system, namely, ammonium 
nitrate, ammonium chloride, and mixed crystals (AmNO, and KNO,) 
in equilibrium, together with liquid and vapour, at 134°5°. Three 
binary systems are shown, already described, p. 841; of the other 
two binary systems, only one has been realised, namely, potassium 
nitrate and potassium chloride with a eutectic at 331°5°. To 
complete the diagram there should be evidently another ternary 
system consisting of potassium chloride, ammonium chloride, and 
mixed crystals (AmNO, and KNO,), but it has not been found 
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possible to realise it owing to the decomposition of the ammonium 
salts. 
A noteworthy feature of this diagram is the flatness of the mixed 
crystal area. 
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Summary. 

(1) The freezing point of ammonium nitrate is lowered from 
169° to 156°5° by the addition of potassium nitrate, mixed crystals 
of the two salts separating at that temperature. 

(2) By the addition of ammonium chloride and potassium nitrate 
to ammonium nitrate the freezing point is lowered to 134°5°. 

(3) An equilibrium diagram is given for the system 


NH,NO, + KCl => KNO, + NH,Cl. 


It shows a ternary eutectic at 134°5° for ammonium nitrate, 
ammonium chloride, and mixed crystals of potassium and ammonium 
nitrates. 

(4) There is probably another ternary point, not realisable at 
ordinary pressures. 

(5) When an isomorphous mixture (or mixed crystals) forms a 
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definite eutectic, the character of the equilibrium system appears 
to be the same as when no isomorphous mixtures are present. 


The whole of the experimental results are given in the following 
appendix. 
APPENDIX. 


Freezing Points of Binary Mixtures. 
Curve (1). Addition of NH,Cl to NH,NO,. 


St; 0-0 1:78 4-0 7-0 9-5 
BF, pt. .scccceccescceeees 169-6° 165:-3° 159-3° 152-8° 147-2° 
Of NH, C1  ...ccceceeee 10-0 12-1 13-32 14-4] 15-5 
F, pt. ..cccccsecccccoees 146°3° 141:7° 150°3° 162-0° 173°5° 
(2) Addition of KNO, to NH,NO, (Fig. 1). 
0 NH,NOg _ ...ceeeee 0-0 4-0 8-0 13-4 16-0 
F, Pt. cccccccssccscecses 169-5° 166-0° 162-8° 157:3° 160-1° 
OMI NO,  ss0ccvere 19-0 15-0 15-88 17-4 18-3 
Seren 167-9° 158-6° 160-0° 164-0° 165-9° 
Freezing Points of Ternary Mixtures. 
(3) Addition of KCl to NH,NO, (Fig. 2). 
% KCl ...... 0-0 2-34 4-43 80 100 105 11-07 
Oe re 169-6° 162-7° 155-9° 146-6° 139-8° 138-8° 137-9° 
Arrest ...... 137-8° 
ao ae 11-2 12-36 13-0 13-15 13-6 14-13 15:1 
nr 137-3° 137-0° 137-5° 140-0° 147-2° 152-2° 168-0° 
Arrest’ ...... 137-2° 137-2° 1387-3° 137-0° 
(4) Addition of KCl to (NH,NO, -++ 1:78 % NH,Cl). 

OL. dusisovpoasens 0-0 3°22 6:25 9-08 10-45 
Fe BGs: cevensccsesesscues 165-3° 155-7° 147-1° 138-1° 134-7° 
pM. veseseaes 11-0 11-78 12-0 12-6 12-8 13-1 
SS eae 134-4° 142-1° 146-7° 155-0° 157-5° 165-7° 
DED accent cnseee 134-7° 134:7° 137-0° 137-9° 139-4° 

(5) Addition of KCl to (NH,NO, + 4 % NH,Cl). 
DML. “Saacwsseseneeen 0-0 3°22 4-77 6-26 7:7 
PE Kesaswinvaeronines 159-3° 150-0° 146-1° 140-9° 137-2° 
TAEEE | Kenesncaposene 8-8 9-1 9-8 11-0 11-8 
Le Serer 135-1° 137-4° 147-2° 160-1° 168-0° 
BONED: Sisinvenecestedeais 134-8° 134-2° 134-5° 

(6) Addition of KCl to (NH,NO, + 7 % NH,C)). 
EEG . snusavsneonines 0-0 2-45 3-60 4-76 5-88 
Pt sesersesenapsoases 152-8° 146-3° 142-9° 139-5° 137-1° 
BEE | Kcancrswosneweaday 6-78 77 8-46 9-3 
Rise: cwucesuseswaseutavee 146-6° 158-1° 166-8° 177-0° 
BEUONG ccspassucssecsdsases 136-6° 137-0° 136-8° 135-4° ss 
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(7) Addition of KCl to (NH,NO, + 9-5 % NH,Cl). 


WEN | Livescsehevcesus 0-0 1-0 1-96 2-9 3°84 
re 147-2° 144-5° 142-0° 139-6° 144-8° 
BED asic tencccei<ca dies 138-8° 
PEE. entscssrenscsicess 4-3 4-76 5-2 5-65 
SCRA 148-2° 155-5° 158-7° 165-5° 

Ee 137-2° 138-2° 138-2° 137-4° 

(8) Addition of KCl to (NH,NO, + 12-1 % NH,Cl) (eutectic). 

CE: sesdescenateuss 0-0 0-99 1-96 2-9 3°85 
MD bvcdesccdsswnswnen’ 141-1° 145-9° 154-6° 165-0° 173-7° 
PENG Goo ccasuntviveeess 141° 140° 138-4° 137-4° 


(9) Addition of KNO, to (NH,NO, + 12-1 % NH,Cl). 


i ee 0-0 4-76 6-98 11-1 14-9 
Lp Set ES eee 141-1° 138-0° 139-0° 142-7° 146-6° 
DEED ccccsnsccubonerans 136-8° 134:5° 134-0° 
Le 16-7 18-4 20-0 23-1 25-0 
Mh sccscscesseebees 147-5° 149-2° 151-8° 156-8° 160-8° 
II i oicisccvinicocousass 136-6° 139-7° 142-0° 146-2° 152-8° 


(10) Addition of KCl to (NH,NO, + 4 %, KNO,). 


>) a 0-0 0-66 1-96 3-22 4-45 7-4 
| Seen 166-0° 164-29 159-4° 156-9° 152-72 143-99 
 —— 10-3 10-7 11-78 1225 128 133 138 
eR 142-9° 142-6° 142-9° 143-0° 149-7° 154-42 — 160-8? 
Arrest ......... 134-9° 142-9° 143-99 144-72 146-1 


(11) Addition of KCl to (NH,NO, + 8 % KNO,). 


»/ a 0-0 1-45 4:58 5-78 6-96 8-1 8:8 
Sf as 162-8° 158:3° 149-1° 148-6° 148-1° 147-7° 147-6? 
ATTORE....0<0005 145:4° 140-3° 135-3° 
Ae 9 oe 9-21 11-0 11-8 11-9 12-28 13-08 13-9 
ee 147-8° 148-0° 1483° 149-4° 151-6° 158-7° 166-0° 
MONG csasessies 147-5° =147-4° 148-0° 150-5° 
(12) Addition of KNO, to (NH,NO, -+- 10 % NH,Cl). 
% KNO, ...... 0-0 3-22 6-25 9-1 11-77 14-27 
PRs senccvensecs 146-3° 144-1° 141-9° 139-4° 137-2° 135-8° 
ho Are 16-66 18-9 21-09 25-0 27-6 
_) a aeeeree 139-1° 142-9° 146-1° 157-8° 168-5 
(13) Addition of KCl to (NH,NO, -+- 13-69% KNO,). 

NEE, eaececesenceaes 0-0 0-99 2-44 4:75 5-05 
NS Le cecorcuvstuneens 158-0° 156-9° 156-3° 155-6° 157-0° 
ae 6-97 7-0 8-0 9-0 
MILD: covencwusteesanstaists 157-9° 158-0° 158-9° 162-9° 

(14) Addition of NH,Cl to (NH,NO, + 13-6 % KNOs) (eutectic). 
% it Sent eee 0-0 1-48 2-92 5-21 7:4 
Bie MEE sasnecdiavcsswsets 157-3° 153-0° 149-8° 143-7° 139-6° 
A 0 Siisecangeewseeu 9-5 10-3 11-1 11-5 

i epee Be 134-5° 139-8° 149-5° 154-6° 


ph sed PorNoeswisccinesatesee 134-2° 134-5° 134-2° 
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(15) Addition of NH,Cl to (NH,NO, + 16 % KNO,). 


Of NH,Cl  .....ccceees 0-0 2-38 3-66 5-36 6:08 
F, Pt. cccccccccccscceces 160-0° 153-4° 149-7° 144-4° 143-0° 

% NH,CI ...... 8-28 8-81 10-0 11-0 11-54 12-06 
F. pb. sercscecveee 136-8° 135-9° 143-6° 156-6° 161-9° 166-2° 
BEPOEE Scvcsésccese 134:5° 135-0° 134-8° 

(16) Addition of NH,Cl to (NH,NO, + 19 % KNO,). 

% NH Cl ..ccccccceee 0-0 0:99 2-66 4-15 4-52 
FP. cccosccccccoscccss 167-9° 164-8° 157-0° 152-0° 151-9° 

CN  .ncccccccces 5-65 6°83 7-98 8-55 9-64 

iy See encore er 147-9° 143-8° 141-7° 142-8° 145-9° 

Db asndosascdadteben 134-9° 135-1° 


(17) Binary system not appearing in the general diagram. Addition of KCl 
to KNO. 
% KCl... 0-0 105 2:34 467 686 7:88 10-12 12-45 
F,pt. ... 344° 343° 341° 336° 339° 345° 357° 371° 
UNIVERSITY COLLEGE, CARDIFF. [Received, February 9th, 1923.] 


CII.—Preparation of Potassium and Sodium 
Arylsulphoniodoamides. 


By Etwyn Roserrs. 


In an attempt to prepare benziodoamide, C,H;*CO-NHI, by acidi- 
fying a solution of iodine and benzamide in caustic soda, Moore 
and Thomas (J. Amer. Chem. Soc., 1914, 36, 1928) obtained a 
coloured periodide to which they gave the formula 

(C,H ;*CO-NH,),,NalI,I,. 

Similar periodides are, I find, obtained as dark, crystalline 
solids from benzene- and p-toluene-sulphonamides when a concen- 
trated solution of iodine in aqueous potassium iodide is added to 
their aqueous alkaline solution. On the other hand, o-toluene- 
sulphonamide yields a pale yellow, crystalline solid, which is 
potassium toluene-o-sulphoniodoamide, CH,°C,H,SO,-NIK,H,O. 
This compound is the first salt of an iodoamide to be isolated, and 
is the iodine analogue of the bromo- and chloro-amides, of which 
the first was Hofmann’s (Ber., 1882, 15, 40) acetobromoamide. 
In particular, the more closely analogous sulphonchloro- and 
sulphonbromo-amides have been prepared by Chattaway (T., 
1905, 87, 145 et seq.), and Dakin, Cohen, Daufresne, and Kenyon 
(Proc. Roy. Soc., 1916, 89, [B], 238). 

The essential conditions for obtaining these iodoamide salts 
are the presence of hypoiodite and a high concentration of potassium 
or sodium, preferably as hydroxide, to reduce the solubility of 
these highly soluble salts. 
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Method 1.—A solution of the sulphonamide (4°5 grams) in the 
minimum quantity of 10 per cent. caustic potash (or caustic soda) 
is slowly added to a small excess of a solution of iodine in aqueous 
potassium or sodium iodide (9 grams of iodine and 18 grams of 
potassium or sodium iodide in 20 c.c. of water), whereupon, with 
the exception of o-toluene- and «-naphthalene-sulphonamides, 
periodides crystallise out. Fifty per cent. caustic potash (or 40 
per cent. caustic soda) is introduced drop by drop, until the iodine 
and the periodide have disappeared. The salt of the sulphoniodo. 
amide immediately separates as a yellow, crystalline powder; it 
is collected, quickly washed with a cold saturated solution of 
potassium (or sodium) chloride, pressed on porous tile, and dried 
in the air or over phosphoric oxide. 

No separation of a salt of the iodoamide follows on the addition 
of an alkaline solution of the sulphonamide to a freshly prepared 
solution of iodine in concentrated caustic alkali; too little hypo- 
iodite remains unchanged to permit the formation of the iodoamide 
(Taylor, T., 1900, 77, 725; Orton and Blackmann, ibid., 830). 

Method 2.—An alternative successful process is found in the 
addition drop by drop of 50 per cent. caustic potash (or 40 per cent. 
caustic soda) to an intimate mixture of iodine (2 grams, 25 per 
cent. excess) and sulphonamide (1 gram), covered with a few c.c. 
of water (2—4 c.c. for the more soluble, 10 c.c. for the less soluble 
iodoamides). The iodoamides are left as fine powders when the 
iodine has disappeared; periodides are obviously intermediately 
produced. 

Acidification of the mother-liquors of the iodoamides, except 
o-toluene- and «-naphthalene-sulphoniodoamides, causes liberation 
of iodine and separation of periodides of the sulphonamides. 

It was hoped that the use of the large quantities of potassium 
(or sodium) iodide, and of iodine might be avoided by the addition 
of a solution of iodine monochloride in hydrochloric acid to a 
solution of the sulphonamide in concentrated caustic alkali, since 
ICl + 2KOH = KIO + KCl1+ H,O. The difficulties of mixing 
the components at the high concentrations which are required for 

the isolation of the salts were insuperable on the small scale. 
Iodine appeared, and the reaction represented by the above equation 
was only partly realised. There was no improvement in the yield 
of iodoamide calculated on the iodine used. 

By the above methods, the potassium salts of benzene-, o- and 
p-toluene-, and «- and £-naphthalene-sulphoniodoamides have 
been prepared, but only the sodium salts, which are far more 
soluble, from o-toluene- and «-naphthalene-sulphonamides. The 
yield varies between 50 and 85 per cent. These salts have a pale 
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yellow colour, form pale yellow solutions, and decompose slowly 
hen exposed to the air. They have the characteristic hypoiodite 
odour. The water of crystallisation is lost at 75°, or on keeping 
over phosphoric oxide. When heated, the solid “ explodes” at 
femperatures varying with the salt and the rate of heating. The 
iodoamides cannot be recrystallised from water, in which medium 
they become, on warming, extensively hydrolysed; free iodine 
appears, and ultimately iodide, iodate, and the original sulphon- 
amide are produced. At the ordinary temperature, the same 
decomposition occurs, but less rapidly; in the case of a 1 per cent. 
wlution of potassium toluene-o-sulphoniodoamide, after one day, 
3) per cent. of the salt has disappeared, but after six days 45 per 
ent. is still unchanged. This decomposition is greatly delayed in 
adilute alkaline medium : thus, in the presence of one equivalent 
of alkali hydroxide or carbonate, 20 per cent. has decomposed in 
twenty-four hours, and 35 per cent. in six days. The solution 
behaves as a relatively stable hypoiodite; arsenite is oxidised 
rapidly and quantitatively, a reaction which serves for estimation ; 
aetone and alcohol are converted into iodoform; with dilute 
aqueous ammonia, crystalline nitrogen iodide is formed; with 
aqueous methylamine, di-iodomethylamine is formed as micro- 
sopic dichromate-like crystals; phenols react readily, yielding 
iodo-derivatives. On acidification of the solution with acetic 
acid, iodine appears and the sulphonamide is precipitated. In this 
raction the salts of sulphoniodoamides differ from those of the 
chloro- and bromo-amides, which yield the sulphondihalogeno- 
amides, Ar-SO,*NX,, on acidification. 


Potassium and Sodium Arylsulphoniodoamides. 


Potassium Benzenesulphoniodoamide, C,H;*SO,*NIK or 

C,H,;"SO(OK): NI. 
This salt and those hate described were prepared by the 
two methods. Under (a), (6), the analyses of the compound pre- 
pared respectively by the first and second methods are given 
[Found : (a) I = 38°53; K = 13°09; (6) I= 43°01; K = 12°78. 
(,H,"SO,*NIK requires I = 39°51; K = 12°19 per cent.]. The salt 
when kept in a dry atmosphere and excluded from light, is nearly 
white. 

Potassium Toluene-p-sulphoniodoamide, CH,°C,H,SO,-NIK.— 
This compound is somewhat less soluble in water than the corre- 
sponding benzene compound [Found : (a) I = 36:15; K = 11°65; 
(6) I= 3700; K=12°20. CH,°C,H,SO,;NIK requires I = 
37°86; K = 11°66 per cent.]. 

Potassium toluene-o-sulphoniodoamide, CH,°C,H,SO,*NIK,H,O, 
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is by far the least soluble of the series (4°80 grams in 100 c.c. of 
water at 10°) and can be dried in air without undergoing decom. 
position [Found: (a) I = 35°62; K = 10°71; in material dehyd. 
ated over phosphoric oxide, I = 37:96; after heating at 75° fo 
half an hour, I = 37°29; (b) I = 35°44; K = 10°96. 
CH,°C,H,’SO,"NIK,H,O 

requires I = 35°93; K = 11°08. CH,°C,H,SO,*NIK requires I = 
37°86; K = 11°66 per cent.]. 

Sodium toluene-o-sulphoniodoamide, CH3°C,H,’SO,*NINa,2( ?)H,0, 
is far more soluble in water than the corresponding potassium 
salt, and was hence obtained only in an impure state [Found: 
(a) I= 33:09; Na=7°78; after heating at 65° for one hour, 
I = 37°42; (6) I= 36:21; Na = 6°69. CH,°C,H,SO,-NINa,H,0 
requires I = 37°65; Na = 6°82. CH,°C,H,SO,-NINa,2H,0 re. 
quires I = 35°75; Na = 6°48 per cent.]. 

Potassium naphthalene-«-sulphoniodoamide, C19H,"SO,*NIK,2H,0 
(Found: (a) [= 31:06; K=9°74; (6) I= 31:23; K = 10°29, 
C,)9H,"SO,"NIK,2H,O requires I = 31:17; K = 9°60 per cent.]. 

Sodium Naphthalene-«-sulphoniodoamide, C19H,*SO,*NINa,( ?)H,0. 
—This very soluble salt was not obtained pure [Found: (a) I= 
29°22; (6) I[=31:37; Na=608. C,,H,SO,-NINa,3H,0 re. 
quires I = 31:02; Na = 5°62 per cent.]. 


Potassium naphthalene-B-sulphoniodoamide, C,H ,"SO,*NIK,(?)H,0 
[Found: (a) I= 33:21; K=1007; (6) I= 33°02; K= 9°77. 
Ci9H,"SO,"NIK,H,0 requires I = 32°65; K = 10°06. C,gH,*SO,"NIK 
requires [ = 34:19; K = 10°53 per cent.]. 


Periodides from Arylsulphonamides. 


These periodides can be easily prepared by mixing alkaline 
solutions of the sulphonamides with concentrated solutions of 
iodine in aqueous potassium iodide. Three grams of the sulphon- 
amide, dissolved in 60 c.c. of 24 per cent. caustic potash, are added 
slowly to a solution made up from 9 grams of iodine, 18 grams of 
potassium iodide, and 60 c.c. of water. The mixture is filtered 
and set aside for twenty-four hours, when the periodide separates 
as very dark, lustrous, flat crystals. They are collected, washed 
with a very small quantity of water, and dried over sulphuric 
acid. The “total” iodine was estimated by the Carius method, 
and the “free ” periodide iodine by titration with thiosulphate. 

The approximate formule of the periodides isolated are a 
follows: 3C,H;*SO,"NH,,KI,21, [Found: K = 2°95, 3°27 (3°41); 
S = 6°66, 6°84 (8°40); I (total) = 50°05, 51°59 (55°43); I (free) = 
40°79, 42°92 (44:34) per cent.]. 3(p-)CH,°C,H,SO,:NH,,KI,31, 
[Found: K = 2°77, 2°75 (2°73); S= 7°36 (6°70); I (total) = 
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c.c. of § 99°47, 58°84 (61°91); I (free) = 52°16, 55°77 (53°08) per cent.]. 
decom. § The values in brackets are calculated values for the formule adopted. 
lehydr. f The results show that independent preparations of a periodide do 
15° for not give the same analytical values. 
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(1i.—The Chemistry of Polycyclic Structures in 


2H,0 Relation to their Homocyclic Unsaturated Isomerides. 
10:29, Part IV. The Simulation of Benzenoid Properties 
. by the Five-carbon Intra-annular Nucleus. 
€ By CHRISTOPHER Kerik Incotp, Ernest ARTHUR SEELEY, and 
) re. JOCELYN FIELD THORPE. 
Tux experiments described in the earlier parts of this series have 
)H;0 ff ied to the conclusion that in certain five-carbon nuclei there exists 
9°77. f a condition of tautomerism characterised by reversible interchange 
‘NIK Ff between phases of the following general type (equation A), the 
individuals being related similarly to the Dewar and Kekulé phases 
of benzene (equation B) : 
line on, <(xf2 == on, << ay... 
dal (L) CRS oy tay oy=bw OH) (4) 


C—~—Ci— —C—CxX—CZ 
== Ss « «i 
awl 7 I HH —C—cyYy—¢w (IV ) ( ) 


1s of 
ered It will be recalled that part of the evidence cited (Ingold, 'T., 
ates § 1922, 121, 1133) in favour of the view that the aromatic nucleus 


contains a system composed of bridged and Kekulé phases consists 
in the unification to which this view leads of the characteristic 
reactions of the aromatic series, for instance, the formation of ortho- 
and para-quinonoid structures by oxidative or additive reactions, 
migrations to the ortho- and para-positions, the substitution rather 
than the addition of halogens, and so forth. It is to be expected, 
therefore, that the five-carbon prototype (equation A) will, if the 
relative stability of the bridged and double-bonded phases sufficiently 
resembles that of the bridged and Kekulé phases of the benzene ring, 
VOL, CXXIII. GG 
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tend to simulate the truly aromatic type (equation B) in the pos. 
session of the characteristics mentioned; and the purpose of this 
paper is to show that it is possible so to adjust the stability of the 
phases in the five-carbon series that the compounds do actually 
simulate in a marked degree the properties of aromatic compounds, 
Previous experiments (Farmer and Ingold, T., 1920, 117, 1362. 
Farmer, Ingold, and Thorpe, T., 1922, 124, 128) on the intra. 
annular tautomerism existing in five-carbon nuclei have largely 
been concerned with a series of substances derived from an acidic 
hydroxy-ester, all the observed transformations of which can be 
referred to one or other of the two formule (V) and (V1) : 


CH; C(CO,Et)-C-CO,Et _. CH, C(CO,Et):C-CO,Et 

CH.” C<hCO,Et}C-OH = CH.” C<C(C0,Et):-0H 

(V.) (VI.) 

From this parent substance a number of others were prepared, 
each of which was characterised by the possession of a two-fold 
series of properties, which, if considered as evidence of constitution, 
pointed with almost equal directness to two structures related to 
one another in the manner of formule (V) and (VI). The most 
striking feature of this series of substances was the remarkable 
stability of the bridged phase, which was such that it was possible, 
by careful attention to experimental conditions, to oxidise certain 
of the compounds to a cyclopropane acid (caronic acid, VII), the 
bridged linking surviving even although a considerable portion of 
the molecule was oxidised away : 


CH; CO,H 


It is scarcely necessary to point out that this kind of reaction is 
quite unusual. A bridge bond, like a double bond, is an element of 
unsaturation, and, under normal conditions, is the point at which 
the attack of an oxidising agent commences. Hence it is that 
only in exceptional circumstances, in which the bridged phase is 
more than usually stable, is it possible to effect oxidative degradation 
in such a way that the bridge bond survives. 

Therefore, for the purpose in view, it was necessary to adopt 
some means to reduce the stability of the bridged phase to the 
point at which, as in aromatic compounds, the attack of oxidising 
and other agents begins at the bridge; so that, in oxidation, for 
example, cyclic 1 : 4-diketones, analogous to para-quinones, would 
be the first isolable products. 

The method which suggested itself for bringing about this result 
was to replace the gem-dimethyl group in the ester (V, VI) by 


l 
'H. + same * ama . 
CHSo< a. WwW a "leone (VII.) 
‘an 
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some more bulky grouping such as the methyl ethyl group or the 
residue of a cyclohexane ring; and at the commencement of our 
experiments evidence was already to hand which indicated cyclo- 
hexane derivatives as eminently suitable for the purpose; for it had 
previously been shown (Ingold and Thorpe, T., 1919, 115, 320) 
on theoretical grounds that the bridged linking in derivatives of 
the cyclohexane-ester (VIII) must be considerably weaker than that 
in the gem-dimethy]l series, and the fact had been confirmed (Ingold 
and Thorpe, loc. cit.) as regards the stability of the bridge bond 
towards reducing agents by quantitative measurements, 


CH,-CH CO,Et)-C-CO,Et 
WHL) CHs< ogy cH, CM et tl 


CO,Et)C-OH = 
CH, CH C(CO,Et):0-C0,Et 
oH, < CMs C8; 
‘<q. ‘CH, >e< C(CO,Et):C OH 


The influence of the cyclohexane ring in diminishing the stability 
of the bridge bond to the point at which the condition of the struc- 
ture has so far approached that of the aromatic nucleus as to give 
rise to a definite simulation in properties became evident from the 
outset of the investigation. Our first experiments had for their 
object to determine the behaviour of the structure on oxidative 
fission, and it was at once discovered that under conditions in which 
bridged compounds of the gem-dimethyl series yield the cyclo- 
propane acid (VII) (caronic acid), that is, undergo oxidative fission 
in which the bridge bond is preserved intact, the corresponding 
cyclohexane substances give no trace of the analogous spirocyclo- 
propane acid (XII) (a well-known and very stable acid), but in its 
place yield cyclic unsaturated 1 : 4-diketones of type (X), analogous 
in constitution to para-quinones : 


(IX.) 


Oy > CCI ae Cg >o<OOTA= x) 
54410 Ve (Oy 10 co— woe | “ids 

All attempts to isolate similar 1 :4-diketones (XI) in the gem- 

dimethyl series have been fruitless, the sole product of oxidation 

of the bridged form ae caronic acid (VII). 


CO—C CH:-C 
(XI.) (CH;),C<6g_ C,H >C< OH: Con (XII.) 


Thus in the gem-dimethyl series the dibasic acid corresponding 
with the acid (XIII) (below), on oxidation with alkaline ferricyanide, 
gave, in excellent yield, caronic acid accompanied by no other 
product (Farmer and Ingold, loc. cit.). On the other hand, the 


cyclohexane acid (XIII), on treatment with the same reagent, gave 
GG 2 
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a nearly quantitative yield of the cyclic 1:4-diketone (XIV) 
derived from the bridged phase (XIII) by the addition of oxygen 
at the bridge. 


S0<$(COsH)-9-COH CO-CH 
C;Hi> o< yo Hort > CsHw>C< cote as + 2C0; 


(XIII.) (XIV.) 


It is noteworthy that although these oxidations by ferricyanide 
take such different courses in the dimethyl and cyclohexane series, 
in neither case does the product contain any substance derived from 
the double-bonded phase of the original dibasic acid. Evidently 
in both series the double-bonded phases are stable to this particular 
reagent, the attack of which is directed, albeit in such different 
ways, against the bridged phases alone. 

A similarly strong selective action is exerted by alkaline per- 
manganate, which attacks only the double-bonded phase (XV) of 
the cyclohexane dibasic acid, yielding a cyclic ketoglutaric acid 
(XVI) and oxalic acid: 


ae (CO,H). C ‘CO,H _. CsHy>C< oy H). — gH _. 
yan 


CO-CO,H | CO-CO,H 
CsHw>C<cr -06--00-COgH > Csi >C<ogy cO,H “Y") 


+ CO,H-CO,H. 


C; sHp>C 


The reaction is exactly similar to the oxidation by permanganate 
of the corresponding gem-dimethyl acid, which yielded «-keto-f8- 
dimethylglutaric acid and oxalic acid (loc. cit.). 

Again, it should be noted that in neither series did the product 
contain any substance which could have been supposed to be 
produced by oxidative fission of the bridged phase of the original 
acid (Farmer, Ingold, and Thorpe, loc. cit.), whence it is evident 
that, in both series, alkaline permanganate, in contrast to ferri- 
cyanide, exerts a powerful selective action on the double-bonded 
phases. 

A similar remarkable difference in the manner of oxidative 
fission of the bridged individual was observed in the case of the 
corresponding monobasic acid. It will be recalled that in the 
gem-dimethyl series ferricyanide attacked both the bridged and 
double-bonded forms, a small yield of caronic acid, derived from 
the bridged form (XVII), being accompanied by a large quantity 
of dimethylaconitic acid, the product of oxidation of the un- 
saturated isomeride (XVIII) : 
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Cy. G(COgH)-CH ar one aii eiielieia 
3 


CH, CH——-C-0H CH-CO,H 
(XVII.) {| 
CH; C(CO,H): H _., CH, C(CO,H):CH i 
on SCH -OH CH >co< C 0,H ( 0,4. product) 
(XVIII.) 


The cyclohexane acid, the two phases of which are shown by for- 
mule (XIX) and (XX), also yielded two products, that present in 
largest amount being a cyclic aconitic acid (X XI) analogous to the 
dimethylaconitic acid (XVII). The by-product was, however, not 
the cyclohexane analogue of caronic acid, no trace of which was 
detected, but was the same quinone-like substance, which forms 
the sole product of oxidation of the dibasic acid under similar 


conditions : 


CsA >CC TS O2H)-H oe OB >O< 0 Hog (by product) 


——_-C-OH CO-C-O 
(XIX.) (| (XIV.) 
C(CO,H):CH C(CO,H):CH (main 
(Hyp >C< ras OH CH C< 9 CO,H product) 
(XX.) (XXI.) 


These reactions are typical of a number described in this paper 
which show that quinone-like substances of the type (XIV) are the 
normal oxidation products of bridged modifications of this series of 
derivatives of the five-carbon monocyclic nucleus. 

In the oxidation of the monobasic acid, permanganate again 
shows its selective action on the double-bonded phase, the ketonic 
acid (X VI) being the sole isolable product. The reaction is precisely 
similar to the oxidation by permanganate of the gem-dimethyl 
acid, which gives ketodimethylglutaric acid as the sole product : 


Sc C(CO,H)==9H _, 


CH, >o< COE —> C,H, 


C-OH CcH,——CO 

CO-CO,H , CO-CO,H 
H 2 — C,H 2 CO.. 
Cs 10> C< or .66-C0,H Cs 10> Corr -00,H — 


Another remarkable illustration of the analogy between the 
five-carbon nucleus and the fully aromatic type is to be found in 
the tendency of compounds of the former series to undergo sub- 
stitution by halogens: the tendency is such that in every case 
hitherto investigated treatment with suitable quantities of halogen 
under almost any conditions leads to the successive and ultimately 
the complete replacement of all the nuclear hydrogen atoms, the 
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reaction taking place in every instance without the least sign of 
the formation of isolable additive products. 

The formule (XIIT) and (XV) for the dibasic acid show that in 
this substance there is only one nuclear hydrogen atom, namely, 
that in position 4. Treatment with two atoms of bromine, there. 
fore, results in the introduction of a bromine atom into this position, 
The product is similar in all essential respects to the original acid, 
for instance in giving a yellow sodium compound and a strongly 
coloured iron salt, and the fact that it contains a similar intra. 
annular tautomeric system, represented by formule (XXII) and 
(XXIII), is shown by its oxidation with ferricyanide, the products 
of which are the “ semi-quinone” (XIV) and a comparatively 
small amount of the aconitic acid (XXI) : 


CH y>oc oH): et 7 anit C,H p> o<O(CO2H)-G :C-CO,H 
(XXIT.) { | (XXIIL ) 
The diketone (XIV.) The aconitic acid (X XT.) 
(large yield) (small yield) 


With the compound (XXII or XXIII), halogenation of the 
dibasic acid has reached a stage at which the only replaceable 
hydrogen atom is that on which the enolic properties of the sub- 
stance depend; hence further substitution must be accompanied 
by ketonisation. The product of further bromination can there- 
fore no longer contain an intra-annular tautomeric nucleus, and 
must be either a static bridged structure (XXIV) or a cyclic 
unsaturated compound (XXV) according as ketonisation takes 
place through form (XXII) or form (XXIII). 


((CO,H)-CBrCO,H a C(CO,H 0-CO,H 
CeHyp >C<I omy CH >CC - ) wate 
(XXIV.) aa 


Experiment showed formula (XXIV) to be the correct one, for the 
substance on oxidation with ferricyanide yielded exclusively the 
bromo-derivative (XXVI) of the cyclic 1: 4-diketone previously 
described : 


(X XIV.) — > C,H, >0< 00" CBr-CO,H daisies C,H, >0<00'f ‘CBr 


CO- CO CO: Ce ‘OH 


(XXVI.) 
(sole product) 


No trace of an aconitic acid, suggesting the presence of the iso- 
meride (X XV) could be detected. 
This method of suppressing intra-annular tautomerism by en- 
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forced ketonisations through the substitution of bromine for the 
nobile hydrogen atom, recalls the case of tribromophenol (Ingold, 
lc. cit.) which might theoretically become ketonised either by way 
of the bridged or Kekulé phase, but is actually ketonised by way of 
the former, the sole product of further bromination being the 
static ketone indicated below : 


CHCBr. [Hy ¢( CH:OBr og 5 [Brly /CHCBry. 
Grog-cpr COLH] ~ ~ OG CH:CBr’©° * ~ Br’ C\CHcBr’ 9 
| (formed) 


,/CH-CBry /CH-CBr{H}. /CH-CBr[Br] 
I CH-CBr COM] > CBr< Gy — (ip, CO > CBr Gq—pr 00 


(not formed) 


The first bromine atom enters the nucleus of the monobasic acid 
(XIX or XX) also in position 4, the product (XXVII or XXVIII) 
siving on oxidation with ferricyanide a large yield of the 1:4- 
diketone (XIV) together with a small quantity of the aconitic acid 
(XXT) : 

Nano C(CO,H)-CH _— C( — 
H PCS C-OH ~~ Cc SH >C<,, 


C5Hio 


a 
(XX VII.) J ie nee III.) 
Diketone (XIV.) Aconitic acid (XXTI.) 
(large yield) (small yield) 


The second bromine atom enters position 2. The product, which 
is also a tautomeric substance (XXIX or XXX), closely resembles 
its precursor, yielding on oxidation the brominated “ semi-quinone ” 
(XXVI) together with a small amount of a bromoaconitic acid 
(XX XT) : 


C,H Hyp > 0< [(COsH): CBr ih OH >o< os oH): a 


CBr-——C:-OH 
(XXIX.) | "CanE. ) 
CO—CBr ((CO,H):CBr 
XXVI. < H (XXXI.) 
EVE) Oly 70%, ton “ w>O< oF H CO,H 
(large yield) (small yield) 


Further bromination results in the suppression of intra-annular 
tautomerism, the tribromo-substitution product being a static 
dicyclic ketone (XXXII) which on oxidation yields the ‘“ bromo- 
semi-quinone ” (XXVI) as sole product. The reaction evidently 
takes place by way of a dibromo-triketone (XX XIII), the tendency 
of which to acquire the hydrogen atom necessary for tautomerism 
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of alkalis (Norris and Thorpe, T., 1921, 119, 1202) : 


~C(CO,H): OH) Bra CO-CBr, __, 
CsHyp>C< i CsHyp>C< 6, bo 
(XXXIT.) (XX XIII.) 
O- CBr 
CsHy>0<0 otton + HOB 
(sole product) 


In the earlier communication dealing with the gem-dimethy)- 
dicyclopentane series, it was noted that certain halogen derivatives 
analogous to those described above can be converted by boiling 
alkalis into a remarkable series of substances, the dienolic forms of 
which (types XXXIV and XXXV) are analogous to resorcinol : 


(XXXIV.) >C< a = Soc (OH): ai (XXXYV.) 


A number of substances of this type have now been obtained in the 
cyclohexanedicyclopentane series. Like phloroglucinol, they are 
partly ketonised, and although oximes have not been obtained, 
titration with bromine indicates a mono-enolic formula, whilst 
titration with alcoholic sodium ethoxide gives figures close to 
those required for a dihydric enol. All compounds of the series 
form coloured iron salts, yield dyes when coupled with diazotised 
aromatic bases in alkaline solution, and, indeed, exhibit remarkable 
similarity with their aromatic analogues. 

The modes of formation of these enols are of interest in so far 
as they involve the elimination of the elements of hydrogen bromide 
from the 1 : 4-positions of the ring, a type of transformation which 
is of extremely common occurrence in the aromatic series (Ingold, 
loc. cit.). The formation of the simplest of the enols (XXXVI or 
XX XVII) from the monobromo-monobasic acid (X XVII or XXVIII) 
by boiling alkali must involve the following steps, 


(XXVI) —> 0,H, >o< fH (HH sat C;H Hy >o< CH (OH) fH 


CBr: Cs OH (+4, CHBr—-C: OH 
Cy amd CH _ intra-annular C(OH):CH 
= CsHyp>C< i — CsHy>C< a ll 
tS (XXXVIL.) 


and may be likened to the formation of anthracene and its 9-alkyl- 
derivative from the hydroxy-dihydro-compounds : 
—C-CHR — C— Gee os —- 
—C-CH(OH)-C— <a, —C—dH—C— 


is so great that spontaneous reduction takes place in the presence 


resence 
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It also seems possible that the formation of resorcinol by the 
tion of alkali at higher temperatures on ortho-derivatives of 
phenol or benzenesulphonic acid is due to an analogous trans- 
formation involving bridged modifications, 


cH-CH-CH + CH-CH(OH)-CH _, GH-C(OH)-CH 
lgBrc-OH ¢9 CH-CHBr—-C-OH (as) CH-CH—C-OH 
(0-bromophenol) (resorcinol) 


although the devising of a crucial experiment to test this view 
presents obvious difficulties. 

The production of the bromo-enol (XX XVIII or XX XIX) from 
the dibromo-monobasic acid (X XIX or XXX) takes place evidently 
by way of the double-bonded modification of the nucleus, and to 
this extent resembles, perhaps, the formation of resorcinol from 
para-substituted phenols : 


gh Br CH(OH).CHBr 
AX.) 5 Os w>C<oR OH Ge © Hy >C< op, ——C-0H 
_ Bi H intra- =. 6 ad 
(-HBY) 0H CK CBr a0 -OH = ° Hy CSG —-C-OH 
(XX XVIII.) pe... ) 


The isomeric bromo-enol (XLI or XLII) is obtained either by 
bromination of the enol (XXXVI or XXXVII) or by alkaline 
hydrolysis of the tribromo-monobasic acid (XXXII). This acid is 
a static bridged-ring keto-acid, and therefore it is to be expected 
that the course of its hydrolysis would be generally similar to that 
of the hydrolysis of the monobromo-acid, which, as shown above, 
reacts in its bridged modification. A consideration of the matter 
shows that the reaction very probably does take this course, and 
thereby gives rise to a substance (XL), the tendency of which to 
acquire the hydrogen atom necessary for tautomerism is such that 
spontaneous reduction occurs in the presence of the alkali, hypo- 
bromite being formed in the solution : 


H-C 
(XXXII) ae OH >C< Te To by 2 (+H,0) 
CH(OH)-CBr, | GOH) Gr _ 5 
OsHio>C< carp, —-CO (—HBr) CH >C< ty — O 
(XL.) 
C(OH)-CB C(OH):CB 
CH >C< I : ad ele oe yO OH 
wae (XLIL.) 


The alkaline hydrolysis of the monobromo-dibasic acid (XXII 


or XXIII) presents no point of special interest, the product and 
Gca* 
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probable course of the reaction being the same as in the cage 
of the monobromo-monobasic acid. The dibromo-dibasic acid 
(XXIV), however, although it is a non-tautomeric bridged-ring 
compound, gave rise to a mixture of both the isomeric bromo-enols 
described above, and it is worthy of note that this observation falls 
well into line with the mechanism suggested for the whole series 
of hydrolytic transformations : 
(+H,0) 


H-CBr-CO,H 
(KXIV.) — > C Hy >o<ie io 2 
CH(OH): CBr CO, Hi 
CH >C oa, aan 


C;H Hyp >C< (ON) bog CO,H _, C;H, moc Onn 


—> (XLI.) <= (XLII) 


(—HBr) 
C(OH):0-CO,H _. C(OH):CH 
ScHB-to | CoH aa 


—> (XXXVIIL) — (XXXIX) 


C;H)>C 


In conclusion, it should be said that the constitutions of the 
various oxidation and other products encountered in the course of 
this investigation were established by a close examination of their 
reactions and by converting them wherever possible into known 
substances. Thus the acid formulated as «-ketocyclohexane-1 : 1- 
diacetic acid (XVI) gave a condensation product (XLIII) with 
o-phenylenediamine (a property characteristic of «-ketonic acids), 
and on reduction by sodium amalgam yielded «-hydroxycyclohexane- 
1: 1-diacetic acid (XLIV), the lactone of which (XLV) was identi- 
fied by direct comparison, and by a determination of the mixed 
melting point, with a specimen which had been prepared at an 
earlier date by hydrolysis of the monobromination product of 
cyclohexane-1 : 1-diacetic acid (Beasley, Ingold, and Thorpe, T., 
1915, 107, 1080): 

CO-N Anon 
Cn Oo CH(OH):CO,H 
CsHi>C< oq .00,H CsHi>C<oH..00,H 
(XLIIL.) (XLIV.) 


(XLV.) © Hie tl * 


The cyclic diketone (XIV) was found to be mono-enolic, and 
owing presumably to its strongly acidic character it showed little 
tendency to combine with semicarbazide. It reduced alkaline 
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ermanganate instantaneously and gave a bright cherry-red colour 
with ferric chloride. On bromination in the presence of water, it 
yielded the bromo-substitution product (XXVI), and with dry 
liquid bromine a dibromo-additive derivative (XLVI), which, on 
warming, lost hydrogen bromide, yielding the dibromo-ketone 
(XLVII). This substance, unlike the monobromo-substitution 
product (XXVI), was not an acid, but, on treatment with cold 
dilute alkalis, it yielded hypobromous acid and the monobromo- 
compound (compare p. 860). None of the compounds of the 
series showed any tendency to combine with water or to exhibit 
any other of the characteristic properties of 1 : 2 : 3-triketones, 
and all on oxidation by permanganate gave cyclohexane-1 : 1- 
dicarboxylic acid (XLVIII) unaccompanied by any trace of 1- 


CO carboxycyclohexane-l-acetic acid (LITT). 
— < 00" pn 0O-GBr, CO,H 
: (XLVI. ) (XLVIL. o (XLVIIL.) 
XIX) The aconitic acid derivative (X XI) was at once recognised as 

such by its close resemblance to the dimethyl analogue described 
the J by Farmer, Ingold, and Thorpe (loc. cit.). Thus it showed the same 
e of f tendency to crystallise in combination with benzene, and an even 
heir § greater tendency to pass into the corresponding anhydro-acid, the 
own § remarkable stability of which is easily interpreted on the basis 
:1- J of its spirane structure (XLIX). On heating with water, it passed 
vith § into the corresponding itaconic acid (L), just as in the dimethyl 
ds), § series, at the same time yielding a very small amount of a saturated 
mne- § lactonic acid (LI). On oxidation with alkaline permanganate, it 
nti- § passed nearly quantitatively into cyclohexane-1 : 1-dicarboxylic and 
xed § oxalic acids. 
an : 
ot Cig Cee dey OsHyp>C:0-CO,H 
T., CH,°CO,H 

(XLIX.) (L.) 
C,H >C Con. J» CO,H (LL) 


The only other substance the constitution of which has not been 
dealt with in the course of the preceding account is the resorcinol- 
like enol (XXXVI or XXXVI). That the hydroxyl groups in this 
substance are in the 1 : 3-positions despite the fact that it arises by 
hydrolysis of 2: 3- or 3: 4-disubstitution product follows because 
on bromination it yields the bromo-enol (XLI or XLII), and then a 
dibromo-diketone (LII) which is entirely non-enolic, and contains 


labile bromine, hypobromous acid and the monobromo-enol, 
G G* 2 
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being produced by mere treatment with cold alkali. Treatment 
of any of these substances with excess of bromine and alkali results 
in oxidation to bromoform and carboxycyclohexaneacetic acid 
(LITI), the yield of the latter being quantitative : 


San-CO-CBr, CO,H 
C,H ip >C< CH: to * —> CsHw>c< CH, CO,H + CHBr, 
(LII.) (LIII.) 


The mono- and di-carboxylic acids (XVII, XVIII, and XIII, 
XV) both yield extremely stable ethyl esters, the former distilling 
in the neighbourhood of 300° under atmospheric pressure without 
any trace of decomposition, as is shown by the fact that the dis- 
tillate, which immediately solidifies in the receiver, has the m. p. 
of the pure recrystallised material. An experiment in which a 
large quantity of the dicarboxylic ester was oxidised in aqueous- 
alcoholic solution with cold ferricyanide in the presence of excess 
of alkali yielded the interesting result that along with a good yield 
of the semi-quinone (XIV) there was obtained a very small quantity 
of the analogue (XII) of caronic acid, the formation of which in 
the gem-dimethy] series constituted the principle item of evidence 
for the existence of the bridged bond. 


EXPERIMENTAL. 


(Note: Substances showing intra-annular tautomerism are 
designated by the names of their bridged modifications.) 

Ethyl 5-cyclohexanespirodicyclo-A?-penten-3-ol-1 : 2 : 4-tricarb- 
oxylate (Ethyl 5-cyclohexanespirodicyclopentan-3-one-1 : 2 : 4-tri- 
carboxylate) (VIII, IX) was prepared in the form of its sodio- 
derivative by the method described by Ingold and Thorpe (loc. cit.), 
and converted by acid hydrolysis into 5-cyclohexanespirodicyclo- 
pentan-3-one-1 : 2-dicarboxylic acid (XIII and XY), hereinafter 
termed “the dibasic acid,’ and 5-cyclohexanespirodicyclo-A’- 
penten-3-ol-l-carboxylic acid (5-cyclohexanespirodicyclopentan-3- 
one-l-carboxylic acid) (XIX and XX), hereinafter termed “ the 
monobasic acid.” 


(A). Oxidation of the Di- and Mono-basic Acids with Potassium 
Ferricyanide. 


Oxidation of the Dibasic Acid : Formation of 5-cycloHexanespiro- 
cyclo-A?-penten-3-ol-1 :4-dione (XIV) (hereinafter called ‘the 
1: 4-diketone ’’).—The dibasic acid (10 grams) was added to a 
solution prepared by dissolving 198 grams of potassium ferri- 
cyanide and 48 grams of potassium carbonate in 840 c.c. of water. 


nt 
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The solution was kept for one hundred and twenty hours at 60° 
in a thermostat and then acidified with hydrochloric acid and 
extracted with ether. The residue obtained on drying and evapor- 
ating the ether at once solidified and was purified by crystallising 
first from water and then from a mixture of ether and ligroin 
(b. p. 40—60°) (Found : C = 66°46; H = 6°88. C,)H,,.0, requires 
¢ = 66°63; H = 6°72 per cent.). 

The substance forms silky needles, m. p. 134°. It is strongly 
enolic, giving a cherry red colour with ferric chloride, a greenish- 
blue copper salt, and titrating as a monobasic acid in the absence 
of carbonates (Found: M=178. Calc., M = 180). It also 
forms an aniline derivative (below). It instantly decolorises cold 
alkaline permanganate, giving cyclohexane-1 : 1-dicarboxylic acid. 

The PP : “1, \p-C0:-CH 

[he anilino-1 : 4-diketone, C;Hy9- CN\00-NHPH’ 
pared by boiling the substance with aniline for about five minutes. 
The product was rubbed with dilute hydrochloric acid and crystal- 
lised from alcohol, from which it separated in orange needles, 
m. p. 150—151° (Found: C=754; H=69. C,,H,,0.N 
requires C == 75°3; H = 6°7 per cent.). 

The Bromo-1 : 4-diketone (XXVI).—This substance, which was 
also encountered as an oxidation product of certain of the halogen 
derivatives of the mono- and di-basic acids, may be obtained by 
rubbing the diketone, m. p. 134°, with bromine and a little water, 
using 1:25 times the theoretical quantity of bromine. After half 
an hour, the excess of bromine is removed by the aid of the pump, 
and the pasty mass dried on porous porcelain, and crystallised 
successively from benzene and from a mixture of ether and light 
petroleum. It forms small, pale yellow needles, m. p. 190—191° 
(Found: Br = 30°7. Cy 9H,,0,Br requires Br = 30°9 per cent.). 
The substance gave a cherry-red colour with ferric chloride, and 
titration with barium hydroxide and phenolphthalein showed it to 
behave as a monobasic acid (Found: M = 258. Calc., M = 259). 

The Dibromo-triketone (XLVII).—This substance was obtained 
by rubbing either the 1 : 4-diketone, m. p. 134, or its monobromo- 
derivative, m. p. 191°, with excess of dry bromine. On removing 
the excess of bromine, a yellow, crystalline solid was obtained 
which could not be crystallised from water or organic solvents 
owing to the ease with which it lost bromine. It was therefore 
crystallised from bromine and was thus obtained as small, yellow 
nodules which decomposed above 100°. It gave no colour with 
ferric chloride and was not acidic, but cold dilute alkalis converted 
it into the monobromo-compound described above (Found: Br = 
47°7. Cy 9H 9O3;Br, requires Br = 47°3 per cent.). 


was pre- 
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Oxidation of the Monobasic Acid: Formation of the 1 : 4-Diketone 
(XIV) and 8:1-Dicarboxy-B-1-cyclohexaneacrylic Acid (XXI).—This 
oxidation was carried out like the preceding one excepting that one 
hundred and eighty hours were allowed for the completion of the 
reaction. The product was isolated by extraction with ether, ground, 
and thoroughly extracted with cold benzene. 

The 1:4-Diketone (XIV).—The benzene extract yielded this 
substance on evaporation. It was purified by crystallisation from 
water and identified with the previous specimen. 

8:1-Dicarboxy-8-1-cyclohexaneacrylic Anhydride (XLIX).— The 
solid insoluble in cold benzene was boiled with benzene and the 
filtered solution allowed to crystallise. The crystals contained 
loosely combined benzene which was lost at 100° or at the ordinary 
temperature in an evacuated desiccator. After drying at 100°, the 
substance became insoluble in benzene, and on analysis gave figures 
showing that it was the anhydro-acid (Found: C = 59:1; H = 5°. 
C,,H,.0,; requires C = 58°9; H=5°3 per cent.). The portion 
insoluble in boiling benzene was the same substance. 

The free tricarboxylic acid was obtained by boiling the anhydro- 
acid with water, but it could not be fully purified owing to its 
tendency to crystallise in combination with solvents and to the 
fact that solvent of crystallisation and water of constitution 
appeared to be lost more or less simultaneously. It is presumed, 
however, that the product obtained by treatment with water was 
the free tricarboxylic acid from the fact that it was completely 
soluble in benzene and gave approximately correct figures on 
titration with alkali. 

Both the acid and anhydride are unsaturated, instantly decol- 
orising cold alkaline permanganate. The principal products on 
oxidation in the usual manner with four atoms of available oxygen 
in the form of permanganate are cyclohexanedicarboxylic acid and 
oxalic acid. 

cycloHexylidenesuccinic Acid (L).—This acid is the main product 
which is obtained when the above tricarboxylic acid or its anhydro- 
acid is heated with water in a sealed tube at about 200° for three 
hours. It is nearly insoluble in cold water and crystallises from 
the aqueous solution on cooling and scratching. It forms fine, 
hair-like needles, m. p. 175° (Found: C = 60°33; H = 7:27. 
Ci9H,,0, requires C = 60°57; H = 7:12 per cent.). It instantly 
decolorises cold alkaline permanganate, and gives an odour of 
cyclohexane with the warm reagent. 

Lactone of «-Hydroxy-1-carboxy-B-l-cyclohexanesuccinic Acid 
(LI).—The mother-liquors from the unsaturated acid were evapor- 
ated to dryness and the residue was crystallised from a mixture of 
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ether and ligroin. It melted at 206° (Found: C = 54°73; H= 
5376. CyoH,,0, requires C = 54°54; H = 5°83 per cent.), and 
titration in the cold showed it to be a dibasic acid (Found: M = 
42, Calc., M = 242). 


(B). Oxidation of the Di- and Mono-basic Acids by Alkaline 
Permanganate. 


Oxidation of the Dibasic Acid. Formation of «-Ketocyclohexane- 
1:1-diacetic Acid (XVI) and Oxalic Acid.—The dibasic acid (3 
gams) together with potassium carbonate (2 grams) was dissolved 
in water and titrated in the cold with a 3 per cent. solution of 
potassium permanganate. Four atoms of available oxygen were 
absorbed, the last 0°5 atom rather slowly. The oxides of man- 
ganese were collected and extracted with water and steam, and the 
combined aqueous filtrates concentrated, acidified with hydro- 
chloric acid, rendered just alkaline with ammonia, and treated 
with calcium chloride. The calcium oxalate was collected and 
identified in the usual way, and the filtrate acidified with hydro- 
chloric acid and extracted with ether. The residue from the ether 
was crystallised from chloroform and thus obtained as small prisms, 


the | m.p. 131° (Found: C = 55°83; H = 653; IM by titration = 214. 
ion @ C1H,0;, dibasic, requires C= 56:0; H = 6°57 per cent.; M= 
ed, §f 714). 
vas The quinoxaline (XLIII) was prepared by dissolving equivalent 
ely ff quantities of the ketonic acid and o-phenylenediamine in a little 
on & alcohol, evaporating to a somewhat smaller bulk, and then cooling, 
when it separated in orange-red needles, m. p. 246° (decomp.) 
ol. | (Found: N= 9°68. C,,H,,0,N, requires N = 9°86 per cent.). 
on Reduction to «-Hydroxycyclohexane-1 : 1-diacetic Acid (XLIV).— 


The ketonic acid was reduced in aqueous solution with a large 
excess of 4 per cent. sodium amalgam, carbon dioxide being passed 
through the liquid throughout the process. The liquid was acidified 
and exhaustively extracted with ether. The product rapidly 
solidified on seeding with a crystal (Beesley, Ingold, and Thorpe, 
loc. cit.) of the lactone of the above hydroxy-acid, and was then 
crystallised from a mixture of benzene and light petroleum and 
identified by the method of mixed melting point. 

Oxidation of the Monobasic Acid. Formation of «-Ketocyclo- 
hexane-1 : 1-diacetic Acid (XVI).—This oxidation was carried out 
like the preceding one excepting that five atoms of available oxygen 
were employed. Oxalic acid was not obtained, and the acid 
extracted with ether contained gummy impurities, which were 
removed by converting into the calcium salt, washing this with 
alcohol and ether, and then regenerating the acid. It was identified 
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by direct comparison with the substance obtained from the dibasic 
acid (above). 


(C). Halogen Derivatives of the Di- and Mono-basic Acids. 


4 - Bromo -5-cyclohexanespirodicyclo - A? - penten-3-ol-1 : 2-dicarb. 
oxylic Acid (4-Bromo-5-cyclohexanespirodicyclopentan-3-one-| : 2. 
dicarboxylic Acid) (XXII and XXIII) (hereinafter called “ the 
monobromo-dibasic acid”’).—The dibasic acid (2 grams) was 
dissolved by warming in acetic acid, and the solution treated at 
40—50° with 1:2 times the theoretical quantity of a 10 per cent. 
solution of bromine in acetic acid. The solution became colourless 
after a short time and was then allowed to evaporate at the ordinary 
temperature. The crystalline residue was purified by crystallisation 
from a mixture of ether and benzene, from which it separated in 
small prisms, m. p. 197—198° (Found: Br = 25°3. C,,H,,0;Br 
requires Br = 25:2 per cent.). It gives a deep red colour with 
ferric chloride. 

2 : 4- Dibromo - 5 - cyclohexanespirodicyclopentan - 3 - one - 1 : 2-di- 
carboxylic Acid (XXIV) (hereinafter called “the dibromo-dibasic 
acid ’’).—The dibasic acid (2 grams), dissolved in 30 c.c. of glacial 
acetic acid, was treated with 1°5 times the theoretical amount of a 
10 per cent. solution of bromine in acetic acid, and then saturated 
with dry hydrogen bromide. After keeping for forty-eight hours 
at the ordinary temperature, the solution was evaporated at the 
ordinary temperature and the crystalline residue purified by crystal- 
lisation from chloroform or a mixture of ether and benzene. The 
acid, m. p. 217—218° (Found: Br=40°1. C,,H,,0;Br,. requires 
Br = 40°4 per cent.), gives no colour with ferric chloride, which 
converts it into an insoluble iron salt. 

4- Bromo-5-cyclohexanespirodicyclo - A? - penten -3 - ol- 1 - carboxylic 
Acid (4-Bromo-5-cyclohexanespirodicyclopentan-3-one-1-carboxylic 
Acid) (XX VII and XXVIII) (hereinafter called “ the monobromo- 
monobasic acid ”’).—This substance was prepared from the mono- 
basic acid just as the monobromo-dibasic acid was from the dibasic 
acid. The crystalline product was purified by crystallisation first 
from a mixture of ether and ligroin and then from ether. It forms 
needles, m. p. 197—198° (Found : C = 485; H = 5:1. C,,H,,0,Br 
requires C = 48:0; H = 4°8 per cent.). 

2 : 4- Dibromo-5-cyclohexanespirodicyclo - A? - penten - 3 - ol - 1 - carb- 
oxylic Acid (2: 4-Dibromo-5-cyclohexanespirodicyclopentan-3-one- 
l-carboxylic Acid (XXIX and XXX) (hereinafter called “the 
dibromo-monobasic acid ”).—The monobasic acid (2 grams) was 
dissolved in chloroform and treated with 1:2 times the theoretical 
amount of a 5 per cent. solution of bromine in chloroform. While 
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the first half of the bromine solution was being added the solution 
was shaken vigorously until decoloration took place. The second 
half was added in one lot and the solution kept in the dark for 
sixteen hours, after which the solvent was evaporated at the 
ordinary temperature, and the product crystallised from a mixture 
of ether and ligroin. The separation of admixed mono- and tri- 
bromo-derivatives is a matter of some difficulty, but having 
fortuitously obtained a pure specimen (m. p. 152—153°) of the 
dibromo-acid it is usually possible to seed it out from solution in 
moderately good yield (Found : C = 37°83; H = 3°53. C,,H,,O,Br, 
requires C = 37:5; H = 3°44 per cent.). 

2:2 :4-Tribromo -5-cyclohexanespirodicyclopentan-3 - one - 1 -carb- 
otylic Acid (XXXII) (hereinafter called “the tribromo-monobasic 
acid ”).—This substance was prepared from the monobasic acid 
just as the dibromo-dibasic acid was from the dibasic acid, excepting 
that the quantity of bromine used was 1°25 times the theoretical. 
The product was crystallised from a mixture of ether and ligroin, 
from which it separated in minute prisms, m. p. 163—165° (Found : 
Br = 55°64. C,,H,,0,Br, requires Br = 55°86 per cent.). 


(D) Oxidation of the Five Bromo-acids by Ferricyanide. 

Oxidation of the Monobromo-dibasic Acid: Formation of the 
1:4-Diketone (XIV) and Dicarboxycyclohexaneacrylic Acid (XX1I). 
—A solution of the monobromo-dibasic acid (1°25 grams), potassium 
ferricyanide (25 grams), and potassium carbonate (8 grams) in 
100 c.c. of water was kept at 60° for forty-eight hours, cooled, 
acidified with hydrochloric acid, and extracted with ether. The 
product was separated and identified exactly as described on p. 866. 

Oxidation of the Dibromo-dibasic Acid : Formation of the Bromo- 
1:4-diketone (XXVI).—A solution of the dibromo-dibasic acid 
(1‘5 grams), potassium ferricyanide (25 grams), and potassium 
carbonate (8 grams) in 100 c.c. of water was kept at 60° for one 
hundred and twenty hours and the acid product isolated in the 
usual way. After one crystallisation from benzene, it melted at 
190—191°, and did not depress the m. p. of the previous specimen 
of bromo-diketone (M by titration = 259. Calc., M = 258). The 
yield was nearly quantitative. 

Oxidation of the Monobromo-monobasic Acid: Formation of the 
1: 4-Diketone (XIV) and Dicarboxycyclohexaneacrylic Acid (XXI). 
—A solution of the monobromo-monobasic acid (1'25 grams), 
potassium ferricyanide (25 grams), and potassium carbonate 
(8 grams) in 100 c.c. of water was kept at 60° for eight hours and 
the products of oxidation were isolated, separated, and identified 
as described on p. 866. 
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Oxidation of the Dibromo-monobasic Acid: Formation of the 
Bromo-1 : 4-diketone (XXVI) and _ Bromodicarboxycyclohexane. 
acrylic Acid (XXXI).—The dibromo-monobasic acid (1°5 grams), 
potassium ferricyanide (25 grams), and potassium carbonate (8 
grams), dissolved in 100 c.c. of water, were heated at 60° for six 
hours and the products of oxidation isolated as usual by extraction 
with ether and then dried at 100°. On extraction by boiling 
benzene, a considerable quantity of the bromo-1 : 4-diketone 
crystallised from the solution on cooling (Found: Br = 30°8 per 
cent.; MM = 258 by titration; m. p. 191°), whilst an insoluble 
residue consisting of «-bromo-8 : 1-dicarboxy-8-cyclohexaneacrylic 
anhydro-acid remained. This substance separated from ether as 
microscopic prisms, m. p. 155—158° (decomp.) (Found: Br = 
26°4. (C,,H,,0;Br requires Br = 26:4 per cent.), and at once 
decolorised cold alkaline permanganate. It was not found possible 
to isolate the free tricarboxylic acid. 

Oxidation of the Tribromo-monobasic Acid: Formation of the 
Bromo-1 : 4-diketone (XX VI).—The tribromo-monobasic acid (1°5 
grams), potassium ferricyanide (25 grams), and potassium carbonate 
(8 grams), dissolved in 100 c.c. of water, were heated for eight 
hours at 60° and the product was isolated as usual by extraction 
with ether. Crystallised from benzene, it melted at 190—191° and 
was identified as the bromo-diketone. The yield was nearly 
quantitative. 


(E). Action of Boiling Alkali on the Five Bromo-acids. 


Hydrolysis of the Monobromo-monobasic Acid: Formation of 
1 : 3-Dihydroxy-5-cyclohexanespirodicyclo-A?-pentene (XXXVI and 
XXXVII) (hereinafter called “the 1 : 3-dihydroxy-compound ”’). 
—The monobromo-monobasic acid was boiled with 5 per cent. 
aqueous potassium hydroxide (4 mols.) for two hours. The liquid 
was cooled, extracted with ether, acidified with hydrochloric acid, 
and again extracted. The residue from the second extract quickly 
solidified and was crystallised first from ether and then from 
chloroform, from which it separated in prisms, m. p. 179—180° 
(Found: C=726; H=8°8. CHO, requires C= 72°3; 
H = 8°5 per cent.). 

The 1 : 3-dihydroxy-compound is strongly enolic, giving a marked 
red colour with ferric chloride and a blue copper salt. It liberates 
carbon dioxide from alkaline hydrogen carbonates and on titration 
in aqueous solution with carbonate-free alkaline hydroxide it gives 
figures which indicate an appreciable acidity for the second enol 
residue, and on titration with sodium ethoxide in alcohol fairly 
accurate dibasicity values are obtained. It does not react with 
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hydroxylamine, phenylhydrazine, or semicarbazide in acetic acid 
lution, but in “ coupling ” reactions it behaves in alkaline solution 
in the normal manner of a “ second component,” giving brick-red 
azo-dyes with diazotised aniline, sulphanilic acid, etc. 

Oxidation to 1-Carboxycyclohexane-l-acetic Acid (LIII).—The 
1;3-dihydroxy-compound (1°0 gram), dissolved in a small excess 
of sodium hydroxide, was treated at 0° with bromine (1 c.c.), 
dissolved in just sufficient sodium hydroxide to give a colourless 
solution. A cloud of bromoform soon appeared, and the solution 
was then warmed until clear, cooled, acidified with hydrochloric 
acid, and extracted with ether. The residue from the extract was 
crystallised from water, from which it separated in stout needles, 
m. p. 132—133° (Found: C= 580; H=75. Calc., C = 58°0; 
H=7°'5 per cent.). It was identified by comparison with a speci- 
men recently prepared by a different method by Mr. Dickens of 
this laboratory. 

Bromination to the 2-Bromo-1 : 3-dihydroxy-compound (XLI and 
XLIT).—The 1 : 3-dihydroxy-compound (1°5 grams) was dissolved 
in chloroform and treated with a chloroform. solution containing 
22 atoms of bromine. After keeping over-night, the liquid was 
evaporated and the product crystallised from ethyl acetate. It 
gives an intense blood-red coloration with ferric chloride and on 
titration with alkali behaves like the 1 : 3-dihydroxy-compound. 
It melts with decomposition at 244° (Found: Br = 327. 
C,o9H,3;0,Br requires Br = 32°6 per cent.). 

Hydrolysis of the Dibromo-monobasic Acid: Formation of the 
4.Bromo-1 : 3-dihydroxy-compound) (XX XVIII and XX XIX).—The 
dibromo-monobasic acid (1°5 grams) and potassium hydroxide 
(1:0 gram) were dissolved in 20 c.c. of water and boiled for one and 
three-quarter hours. The product was extracted with ether, 
acidified with hydrochloric acid, and again extracted with ether. 
The neutral extract contained a small quantity of a volatile sub- 
stance with a camphor-like odour, but there was not sufficient for 
purification. The acid extract yielded a solid residue, which after 
crystallisation from a mixture of ether and ligroin melted at 
228—229°. This melting point was depressed by the addition of 
a small amount of the isomeric bromo-dihydroxy-compound 
(m. p. 244°) mentioned above, and the two compounds differed in 
other respects, for example, in the intensity of the colour with 
ferric chloride, the more fusible isomeride giving a colour of only 
moderate depth (Found: Br = 32°7. C©,)H,,0,Br requires Br = 
32°6 per cent.). 

Hydrolysis of the Tribromo-monobasic Acid: Formation of the 
2-Bromo-1 : 3-dihydroxy-compound (XLI and XLIT).—The tribromo- 
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monobasic acid was boiled for two hours with a 10 per cent. excess 
of 5 per cent. aqueous sodium hydroxide. The acid product was 
isolated as in the preceding example and crystallised from ethy] 
acetate. It was identified by direct comparison with a specimen 
of the same substance prepared by direct bromination, and by 
oxidation. 

Oxidation to 1-Carboxycyclohexane-l-acetic Acid (LIIT).—This 
oxidation was carried out like that described on p. 871, 1°5 grams 
of the bromo-dihydroxy-compound being used for 1 c.c. of bromine, 
The acid was identified by titration (M = 186. Calc., M = 186) 
and by direct comparison and a mixed melting point determination 
with an authentic specimen. 

Hydrolysis of the Monobromo-dibasic Acid: Formation of the 
1: 3-Diketone (XXXVI and XXXVII).—The hydrolysis of the 
monobromo-dibasic acid was carried out exactly like that of the 
monobromo-monobasic acid, and the product was isolated, purified, 
and identified in the same way. 

Hydrolysis of the Dibromo-dibasic Acid: Formation of the 2. 
Bromo- and 4-Bromo-derivatives of the 1 : 3-Dihydroxy-compound. 
—-This hydrolysis was conducted like that of the tribromo-mono-. 
basic acid and the product isolated in the same way. The product, 
on rubbing with cold ethyl acetate, yielded the 2-bromo-l : 3- 
dihydroxy-compound, which was finally purified by crystallisation 
from the same solvent. ‘The ethyl acetate extract on evaporation 
gave a semi-solid residue, which was drained for several days on 
porous porcelain, and then extracted with a warm mixture of equal 
volumes of ether and light petroleum. The solution, on cooling, 
deposited the 4-bromo-1 : 3-dihydroxy-compound. The two iso- 
merides were identified by direct comparison and by determination 
of mixed melting points with genuine specimens. 


(F). The Esters of the Mono- and Di-basic Acids. 


Ethyl Ester of the Monobasic Acid.—The acid (5 grams) was 
heated with 20 c.c. of ethyl alcohol and 7 c.c. of concentrated 
sulphuric acid until a clear solution was obtained. Heating was 
then continued on the steam-bath for eight hours, and the product 
poured into water, and separated by ether and sodium carbonate 
into neutral and acid fractions. The acid fraction gave 0°5 gram 
of unchanged acid, whilst the neutral fraction yielded a crystalline 
residue, which in the crude state melted at 63—65°. After crystal- 
lisation from light petroleum, it melted at 64°5—65° and the m. p. 
was not altered by further crystallisation. The easiest way to 
purify the ester, however, is to distil it at ordinary pressure, when 
it boils at 295° without decomposition, and solidifies in the receiver 
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to a colourless, crystalline mass, m. p. 64°5—65° (Found: C= 


X ces 
5 a 035; H=81. ©C,,;H,,0, requires C= 703; H=81 per 
ethy] gnt.). Boiling with hydrochloric acid hydrolyses it to the original 


acid. 

The semicarbazone, prepared in aqueous-alcoholic solution from 
the ester and semicarbazide acetate, separated from alcohol in 
needles, m. p. 183—185° (Found : C = 60°0; H = 7°6. C,,H,,0;N; 
requires C = 60°2; H = 7°5 per cent.). 

Diethyl Ester of the Dibasic Acid.—A mixture of 5 grams of the 
acid, 20 c.c. of ethyl alcohol, and 7 c.c. of concentrated sulphuric 
acid was heated on the steam-bath for eight hours. The ester was 
isolated in the usual way and purified by distillation. It is a 


the @ colourless oil, b. p. 236—238°/20 mm., and gives a red colour with 
the ferric chloride. It is soluble in concentrated aqueous potassium 
the § hydroxide, giving a yellow solution, from which the original dibasic 
fied, § acid can be recovered after acidification (Found: C = 65:1; 
H=7°6. (C,H ..O; requires C = 65°3; H = 7°5 per cent.). 

3 The semicarbazone, prepared like that mentioned above, separated 
md, @ from alcohol in colourless needles, m. p. 121—123° (Found: C = 
no. § 5380; H=70. C,,H,,0;N, requires C= 58:1; H=71 per 
ict,  cent.). 

: 3. Oxidation of the Monoethyl Ester by Permanganate.—The ester 
ion § (5 grams), dissolved in acetone, was treated with a solution of 


potassium carbonate (3 grams) in water and one of potassium 
permanganate (9 grams) in the minimal quantity of 75 per cent. 
acetone. The mixture was kept for twenty-four hours, evaporated, 
and filtered. The oxides of manganese were treated with steam, 
and the combined aqueous filtrates were acidified, concentrated, 
and extracted with ether. The residue from the extract was boiled 
with hydrochloric acid, and the product extracted with ether and 
crystallised from chloroform. It was identified as «-ketocyclo- 
hexane-1 : 1-diacetic acid by direct comparison with an authentic 
specimen, and by the formation of the quinoxaline previously 
mentioned. 

Oxidation of the Diethyl Ester by Permanganate—This experi- 
ment was carried out like the last, and the product («-ketocyclo- 
hexane-1 : 1-diacetic acid) isolated and identified in the same way. 

Oxidation of the Monoethyl Ester by Ferricyanide.—The ester 
(3 grams) was dissolved in 50 per cent. ethyl alcohol and treated 
with successive tenths of a solution prepared by dissolving 50 grams 
of potassium ferricyanide and 100 grams of potassium hydroxide 
in 500 c.c. of water. The ten lots were added with an equal volume 
of alcohol every twelve hours, the solution being kept at 0°. It 
was then kept at the ordinary temperature for two days, and there- 
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after acidified and extracted with ether. The residue from the 
ether was hydrolysed with hydrochloric acid, and the products of 
hydrolysis were separated and identified as the 1 : 4-diketone and 
dicarboxycyclohexaneacrylic anhydro-acid in the manner described 
on p. 866. 

Oxidation of the Diethyl Ester with Ferricyanide.—This experiment 
was carried out like the preceding one and the products of oxidation 
were isolated and hydrolysed in the same way. The products of 
hydrolysis consisted almost solely of the 1:4-diketone, but on 
extracting this with successive small quantities of a mixture of 
benzene and ligroin a small residue was obtained which gave 
scarcely any colour with ferric chloride and melted at about 150— 
175°. After crystallisation from water, it melted with decomposi- 
tion at 196—198°, and gave no trace of colour with ferric chloride, 
and although the quantity was too small for analysis there is 
scarcely room for doubt that it was the cis-form of cyclohexane. 
spirocyclopropanedicarboxylic acid (XII), because it did not lower 
the m. p. of a genuine specimen of that substance and also gave 
almost correct value on titration (Found: M=201. Calc, 
M = 198). 


We wish to thank the Royal Society for a grant which has largely 
defrayed the cost of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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CIV.—Studies in Organic Compounds containing 
Sulphur. Part I. The Effect on General Absorp- 
tion due to the Valency and Mode of Linkage of 
the Sulphur Atom. 


By Davip TrempLeton Gipson, Huan Grauam, and James Re. 


SEVERAL series of open-chain and ring compounds containing 
sulphur have been examined spectrographically. In this paper, 
the valency and linkage effects are considered in relation to absorp- 
tion spectra, whilst in a further communication it is proposed to 
deal with the effect of tautomeric change on the absorption of 
organic sulphur compounds. 

The following compounds, in which sulphur is present in the 
molecule as a member of an open chain, were examined; diphenyl 
sulphide, diphenyl disulphide, dibenzyl sulphide, and their sulph- 
oxides and sulphones; benzenesulphinic acid and its sodium 
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salt; and phenyl methyl sulphone. The ring compounds studied 
were 1: 4-dithian (diethylene disulphide), diethylene disulphoxide, 
1:4-thioxan, thianthren, and thianthren monosulphoxide. The 
substances were prepared by the known methods. For a sample 
of thianthren monosulphoxide we are indebted to Professor Smiles. 
The substances were all carefully purified before use. Alcoholic 
solutions were used for spectrographic examination. The iron arc 
was the source of radiation. 

The effect on general absorption of compounds, in the molecule 
of which sulphur forms part of a chain, will be considered first. 
We must therefore select a part of the spectrum removed from the 
banded region to avoid the interference of factors which have an 
influence on selective absorption. On examination of the absorp- 
tion curves of the series diphenyl disulphide, diphenyl disulphoxide 
and diphenyl disulphone, it is seen that the absorptive power of 
diphenyl disulphide is much greater than that of the disulphoxide, 
and the disulphoxide is markedly more absorptive than the disul- 
phone (Fig. 1), the limits of absorption being 2850, 3150, and 3400 
oscillation frequencies at logarithm of relative thickness 4-0 of 
M/100,000-solution for the disulphide, the disulphoxide, and 
disulphone, respectively. 

If the disulphide is represented by formula (I), 

a ah YP PY 
r=), Ort. HHO 
\4 WY PON 

(I.) (II.) (III.) 

the presence of residual valency being indicated by means of the 
dotted lines, it will be seen that the centre of residual valency 
represented by the two sulphur atoms is conjugated with the 
benzenoid centres of unsaturation. If the disulphoxide be 
represented in a similar manner (II), examination of the formula 
will show that there is present in the molecule what Thiele called 
a system of “crossed double bonds.” 

An exhaustive study of the influence of conjugated unsaturated 
groupings of the types >C—C< , >C—O, and >C—N— on 
general absorption has been made by Crymble, Stewart, Wright, 
and Glendinning (T., 1911, 99, 451), Crymble, Stewart, Wright, 
and Rea (ibid., 1260), and Macbeth, Stewart, and Wright (T., 
1912, 101, 599), who have shown that a substance containing a 
single straight system of conjugated bonds in the molecule has an 
absorptive power greater than that of one containing a system of 
“crossed double bonds.” 

Reverting to diphenyl disulphoxide, the union of two oxygen 
atoms with the two sulphur atoms creates two new centres of 
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unsaturation, whilst the unsaturation between the sulphur atoms 
is not completely destroyed. These new centres are also con- 
jugated with the centres of unsaturation in the benzene nuclei, 
Thus the introduction of “ cross conjugation ” into the molecule 
leads to decrease of general absorption. 

Consider now the case of the further oxidation product, namely, 
the disulphone (formula III). In this molecule the effective change 
from the disulphoxide is the replacement of a centre of unsaturation 
between two sulphur atoms by a side chain sulphur—oxygen centre 
of unsaturation. In other words, there is an increase of “ crossed 
unsaturation ’” conjugated with the benzene nuclei. One would 
therefore expect this substance to show weaker general absorption 
than either the disulphide or the disulphoxide. Inspection of the 
curves (Fig. 1) shows that this expectation is realised. | 

Extending these ideas to diphenyl sulphide and its oxygen 
derivatives, if we regard the sulphur atom of diphenyl sulphide 
as a centre of residual affinity, we have in this case also a straight 
chain of conjugated centres of unsaturation (formula IV), and in 
the sulphoxide (V) and sulphone (VI) molecules “ crossed ” systems 
of conjugation. The relative general absorptive powers of the 
three compounds of this series are in the same order as in the di- 
sulphide series, that is, the sulphide shows greater general absorption 
than the sulphoxide, and the sulphoxide is more absorptive than 
the sulphone. 


moO. OO. OFO 
P) ’ 1] 
\4 Nv WAYS \4Z 0 \/ 


(IV.) (V.) (VI.) 


To put these ideas to a further test we have examined dibenzyl 
sulphide, the sulphoxide, and the sulphone. In these molecules 
the sulphur centre of unsaturation is isolated from the benzene 
centres by the interposition of saturated methylene groups. There 
is no conjugation in these cases, and examination of the absorption 
curves (Fig. 3) shows that the differences in general absorption 
are not so marked as in the cases already examined, and the order 
of relative absorptive power no longer holds. With the elimination 
of the predominating influence of conjugation the effects due to 
other influences are apparent. 

Turning to the compounds in which sulphur is present in the 
molecule as a ring member, comparison of the absorption curves 
of 1: 4-dithian and its disulphoxide (Fig. 4) shows that the latter 
is the more absorptive, the limits of absorption in oscillation fre- 
quencies being 3440 and 3760 for the disulphoxide and disulphide, 


of thickness of M/100,000-solution. 


Log. 
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respectively, at 5-8 log. of relative thickness of M/100,000- 
solution. 
On examination of the curve of thianthren and thianthren mono- 


cule sulphoxide (Fig. 4), in which sulphur atoms also occupy positions 
" in a ring system, it is found that the same relationship holds. 
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‘ compared with that of the open-chain substances, and on this account 
. we have extended our study to 1:4-thioxan. The structure of 
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1:4-thioxan is the same as that of 1:4-dithian except that a 
sulphur atom has been replaced by an oxygen atom. Comparison 
of the curves (Fig. 4) of these two compounds shows that 1: 4. 


thioxan is the more absorptive at the higher concentrations. 
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Purvis, Jones, and Tasker (T., 1910, 97, 2287), from an examin- 
ation of several series of thio-compounds, have shown that the 
replacement of oxygen by sulphur causes a marked increase in the 
absorptive power of acompound. The ring compounds | : 4-dithian 
and 1 : 4-thioxan, therefore, are also anomalous cases. 
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further shown by Clarke (T., 1912, 101, 1788), who found that the 
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On account of these variations from the general rules as judged 
by comparison with open-chain compounds, it is of interest to 
cnsider here some of the other properties of these ring compounds 
and their derivatives. 

Masson (T., 1886, 49, 233) and Mansfeld (Ber., 1886, 19, 700) 
fund that 1:4-dithian behaves abnormally in certain respects. 


for example, in the presence of a large excess of boiling methyl 
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iodide it yields the mono-additive compound only and not the 
di-compound as would be expected. 


Clarke and Smiles (T., 1909, 95, 994) have studied the properties 


of diethoxythioxan. They find that this sulphide has not the 
properties of a substance in which bivalent sulphur is united to 
saturated hydrocarbon groups; it does not combine with mercuric 
halides, and the addition of alkyl iodide proceeds extremely slowly. 


The anomalous character of 1 : 4-thioxan and 1: 4-dithian was 
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replacement of one of the sulphur atoms of 1 : 4-dithian by oxygen 
causes a great decrease in the reactive power of the sulphur atom 
remaining as measured by the velocity of combination with bromo. 
acetophenone. 

It is clear from the evidence given that in these compounds 
chemical reactivity and absorption spectra are closely associated, 
We are at present preparing other cyclic compounds containing 
sulphur in the ring and allied compounds for fuller spectrographic 
examination, and hope to throw some light on this interesting 
question of residual affinity and the mutual influence of unsaturated 
atoms on one another. 

Let us now consider some other aspects of the subject. 

When the absorption curves of a series of compounds such as 
diphenyl sulphide, its sulphoxide and sulphone are compared 
(Fig. 2) in the banded region, it is interesting to note the effect on 
selective absorption due to the different stages of unsaturation of 
the sulphur atom. 

The curves of this series show, with increasing saturation of the 
sulphur atom, gradual development of effects due to the benzene 
nuclei: thus comparing the curves of the sulphide and sulphone 
(Fig. 2), it is seen that the sulphide shows general absorption only, 
whereas the sulphone exhibits a band of small persistence in the 
region 3800-4000 oscillation frequencies which is the region of the 
characteristic benzene bands. Examination of the curves of 
diphenyl disulphide and its sulphone shows that the trend of the 
change in absorption is of a similar nature, although no band is 
developed in the case of this sulphone, only rapid extension being 
apparent in the benzene band region. 

It seems probable that the alteration of the vibrations in the 
benzene nucleus, which give rise to selective absorption, is due in 
part to the residual affinity of the sulphur atom in the molecule. 
Fox and Pope (T., 1913, 103, 1263) have arrived at a similar con- 
clusion from a comparative study of corresponding oxygen and 
sulphur derivatives of benzene such as phenol and thiophenol. 

We have further studied the absorption spectra of the series of 
compounds benzenesulphinic acid, sodium _benzenesulphinate, 
phenyl methyl sulphone. 

The absorption curves of these substances are of interest in view 
of their bearing on the constitution of benzenesulphinic acid. 
Smiles and Le Rossignol (T., 1906, 89, 696) state that this acid 
reacts in acid solution according to formula (VII), whilst the sodium 
salt behaves as (VIII). 


0 0 
wit)  CeoHsS<oy CoH <Na (VII) 
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The evidence of the absorption curves of these compounds is 
in accordance with this view. Benzenesulphinic acid, which con- 
tains an unsaturated sulphur atom in the molecule, shows general 
absorption (Fig 5); on the other hand, benzenesulphonic acid 
(Wright, T., 1914, 105, 673) and phenyl methyl sulphone, whose 
molecules contain fully saturated sulphur, show selective absorption 


lated, 
ining (Fig. 5). Sodium benzenesulphinate also shows a shallow band. 
aphic Conclusions. 


‘sting J (1) A substance containing in the molecule unsaturated sulphur 
rated fin “ straight chain conjugation ” with benzene centres of unsatur- 
ation shows greater general absorption than a similar substance into 
the molecule of which “‘ crossed conjugation ” has been introduced. 
*h as (2) Certain compounds in which sulphur is present in the molecule 
vared Has a member of a ring system show anomalous general absorption 
ot on compared with open-chain compounds. 
on of f (3) The residual affinity of a sulphur atom in a molecule is account- 
able, in part, for the alterations of those vibrations of the benzene 
F the nucleus which give rise to selective absorption. 


hone § We wish to express our thanks to Professors Stewart and Smiles 
mly, ff for the interest they have shown in this work, and to the Research 
the | Fund Committee of the Chemical Society for a grant. 
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3 of LonpDon. QUEEN’s UNIVERSITY, BELFAST. 
the [Received, March 6th, 1923.] 

d is 7 
eing 
fo] - . . 
CV.—Isolation of the Oxide of a New Elemeni. 
the A Correction. 
e j 
- By ALEXANDER SCOTT, 


on- fly the short paper (this vol., p. 312) in which I described what 
and §seemed to be the oxide of a new element I mentioned that I had 
| ofered to send my preparations to Drs. Coster and Hevesy for 
; of §cxamination by them by means of X-ray spectral analysis and for 
ate, | omparison with their own. They replied very kindly that they 
would gladly do so and accordingly I sent to Copenhagen all that 
iew | lemained of the pale buff-coloured powder labelled “‘ New Oxide ” 
vid. Jand all the cinnamon-coloured oxide recovered from the atomic 
cid § eight determination by means of the fluoride (in each case between 
um $93 and 0-4 of a gram) together with some of the original New 
Zealand sand. 

The result of their first examination, which I communicated to 
the Society at its meeting on February 15th, was to the effect that 
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they had been unable to detect any of the hafnium lines in any of 
my specimens. 

They have since subjected my specimens, and especially the 
oxide from the fluoride, to a most searching and prolonged examin. 
ation both by means of X-ray and by optical spectral analysis in the 
hope of finding in them some of the other missing elements, and in 
particular that of atomic number 75, but without success. They 
conclude as the result of their examination that the chief con. 
stituents are oxides of iron and titanium along with traces of other 
elements, all previously known. 

I received their final report on March 19th, having received the 
preparations a few days previously, and at once set to work to 
unravel the mystery. 

The cinnamon-coloured oxide which remained weighed 0:1763 
gram and was fused with sodium bisulphate, in which it went 
entirely and easily into solution. The melt was dissolved in water 
and boiled, when there separated out 0°1591 gram apparently of 
titanium dioxide having a faint lemon tint, and from the filtrate 
0-0097 gram of oxides was precipitated by ammonia, thus accounting 
for 0°1688 gram of the quantity taken. The precipitate produced 
by. ammonia had only a faint brown tint and looked like alumina 
containing a minute quantity of iron. The whole was once mor 
brought into solution by means of fusion with sodium bisulphate 
and the iron (estimated colorimetrically) amounted to 0-001l 
gram of ferric oxide. 

In order to prepare the specimen used for the atomic weight 
determinations (this vol., pp. 311 and 312), 1 gram of the “ New 
Oxide ” was taken and to it was added pure potassium carbonate 
in slight excess above the amount which would be required for the 
formation of the double fluoride, on the assumption that the atomic 
weight of the new element was 175. Excess of hydrofluoric acid 
was added, when all went into solution on the water-bath. The 
solution was allowed to cool and settle in a deep platinum crucible, 
when a fairly large quantity of potassium silicofluoride separated out. 
The transparent nature of this precipitate and its almost invisibility 
in a platinum vessel led to its amount being under-estimated at 
the time. Its importance, however, became apparent when the 
cause of the high atomic weight value came to be sought for. Its 
weight was 0°7225 gram. 

The solution separated from the potassium silicofluoride was now 
evaporated down and, on cooling, characteristic scaly crystals 
separated out which, after pouring off the mother-liquor, wert 
washed with cold water and dried at 100°. The weight of this 
fraction was 0°615 gram. 
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The mother-liquors when concentrated again gave the scaly 
crystals on cooling and the addition of a small quantity of alcohol 
produced a further separation of crystals which under the microscope 
seemed to be exactly similar in form to those from the aqueous 
solution. The whole was therefore evaporated to dryness and was 
found to weigh 0°780 gram. 

This last fraction was deliberately chosen for the first deter- 
mination of the atomic weight, as it was anticipated that the results 
would undoubtedly err on the side of being too low rather than too 
high because of the presence of fluorides which were assumed to 
be those of potassium and sodium. 

The results are those already given (this vol., p. 312) in which 
0'7752 gram of salt gave 0°4057 gram of oxide. 

It was not until the purer fraction of crystals was similarly treated 
in order to get a more accurate atomic weight for the element that 
any doubt suggested itself as to the nature of the oxide. Two 
determinations were made by the same method, namely, treatment 
of the salt with strong sulphuric acid, the excess of acid driven off, 
followed by prolonged ignition alone and finally along with 
ammonium carbonate to decompose the sulphates of the titanium 
group. The oxide was then washed free from potassium sulphate 
and weighed. 


In the first experiment 0°2216 of salt gave 0°0820 of oxide and 
in the second ,, O°S724 4. 2 » 071361 ,, = 


0°5940 of salt gave 0:2181 of oxide. 
This equals 36-7 per cent. 
K,TiF, would give 33°3 per cent. of TiO,. 
Rae on lw OO tf ee 


In the first experiment, on the addition of ammonia to the 
potassium sulphate solution a small quantity of a brown precipitate 
came down which was identified as ferric hydroxide. In the 
second, the ferric hydroxide was collected and weighed as ferric 
oxide. Its weight was 0°0043 gram. If the proportionate amount 
be added for the first experiment, this would make the ferric oxide 
in the 0°594 gram of salt 0°0069 gram. 

The potassium silicofluoride when similarly treated with sulphuric 
acid gave only 0°0051 gram of TiO, precipitated by boiling and 
00053 gram on the addition of ammonia, that is 0°0104 gram in all. 

The large amount of potassium silicofluoride, which was not 
dried and weighed until some days after the first atomic weight 
determinations were made, gave the clue to the mystery of the 
high atomic weight obtained. 
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It had been assumed that no silicate could have withstood the 
fusions to which the ‘“‘ New Oxide” had been subjected and that 
the pale buff-coloured powder remaining was an oxide or mixture 
of oxides. The formation of the insoluble potassium silicofluoride 
removed so much potassium from the solution that the final fraction 
used for the atomic weight consisted of double fluoride mixed with 
fluorides, not of potassium and sodium, but of iron and titanium, 
and these latter yielded no potassium sulphate, but only the 
insoluble oxides. This therefore gave the unduly high atomic 
weight, which seemed to be all that was required to prove that 
the “‘ New Oxide ” was that of the element of atomic number 72. 

The amount of SiO, corresponding to 0°7225 gram of K,SiF’, is 
0-197 gram. This is too high, as there was, as usual, a small quantity 
of hydrofluosilicic acid in the hydrofluoric acid employed. An 
experiment with a small quantity of “New Oxide” and pure 
potassium fluoride showed that it contained at least 0-164 gram 
of SiO, per gram. 

Of the one gram of ‘“‘ New Oxide” taken, 0°8051 gram has been 
accounted for; 0°6289 gram of oxides precipitated from their 
solutions by boiling -+ 0°0122 precipitated by ammonia + 0°164 
gram of SiO,. To check this, 0°0997 gram of “‘ New Oxide ” was 
extracted with hydrochloric acid, which left behind 0°0806 gram 
insoluble, dissolving only 0:°0018 gram of titanium dioxide, a result 
which corresponds as closely as can be expected with the above 
amount from 1 gram. The difference is completely accounted for 
by the hygroscopic moisture and the soda pertinaciously retained by 
the powder. It ought to be mentioned that the “ New Oxide” 
was what remained after its last fusion with sodium hydroxide and 
had been washed only with boiling water. 

The very refractory substance in the New Zealand sand may 
therefore be regarded as titanium dioxide in which part of the 
titanium is replaced by silicon. Insoluble and refractory substances 
similar to that obtained by me have been found by other workers 
with titanium minerals. When I have obtained a larger supply 
of New Zealand sand from the same source I hope to be able to 
make a more complete analysis and examination of this substance 
than is possible with the small amount I now possess. 

I cannot conclude without cordially thanking Professor Bohr, 
in whose laboratory the examination by Drs. Coster and Hevesy 
was carried out, and expressing to them my sincere appreciation 
of all their courtesy and the trouble they have taken in this matter. 

34, Upper Hamitton TERRACE, [Received, April 3rd, 1923.] 
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(VI.—The Form of the Vapour Pressure Curve at 
High Temperatures. Part II. The Curve for 
Sodium Cyanide. 


By CHRISTOPHER KELK INGOLD. 


ium, # [x Part I of this series (T., 1922, 121, 2419) evidence was given 
the i that the equation 


that R log. p=J,—L,/T+alog-T+ 67. . . (i) 
2. does not correctly represent the form of the vapour pressure curve 


F, is at high temperatures. There appeared to be two possible causes * 
itity fj of the discrepancy, (a) that the gas laws pv = RT are not applicable 
An Ij to the saturated vapour, (b) that the latent heat of vaporisation 
pure fis not accurately a quadratic function of the temperature, and an 
ram attempt was made to show the operation of cause (a) alone by 
examining the form of the curve for an element (lead) which is 
been f known to yield a monatomic vapour. Reasons were given for 
their | supposing that in such a case the latent heat would be a quadratic 
‘164 ff function of temperature, so that discrepancies could, with certain 
was reservations, be attributed to cause (a). On the other hand, in 
ram J the case of a polyatomic substance a large increase in the effect 
sult ff of cause (b) is to be anticipated if its influence on the form of the 
ove | curve is of a measurable order. 
for The present paper, therefore, contains an examination of the 
lby fi curve for a triatomic compound (sodium cyanide) of about the 
Je” § same order of volatility as lead. 
and The method of testing the formula was the same as that used 
previously, the experimental range being divided into the equal 
nay f intervals, 800—1080° and 1080—1360°, and the observations in 
the § cach interval plotted on squared paper (Figs. 1 and 2). Smooth 
.ces § curves were drawn through each set of points, and from the curve 
cers §j Within the first interval fixed points were chosen from which the 
ply § constants of an equation of type (i) could be calculated. The 
to § equation was 


ani logy9 p = 5°788 — 9989/7’ + 1:733 logy)7’ — 0°001757' . (ii) 


and its graph fits over the smoothed curve of the experimental 
results within the lower temperature range to an approximation 


esy . 

on of + 2°. In the second temperature interval, however, the curve 

fer. * Since the Nernst Heat Theorem is not utilised in developing equation (i), 
which is merely an integrated form of the well-known differential equation of 

y Clausius and Clapeyron, it is perhaps scarcely necessary to point out that the 


fundamental hypotheses of that theorem can contain nothing which in any 
way contributes to the discrepancy referred to. 
VOL. CXXIII. HH 
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of equation (ii) runs quite away from the experimental points, § shere 
the difference at the upper end of the range amounting to 50° in § ihe sa 
the temperature (Fig. 2). being 
In the case of lead, a divergence was obtained, which, although § »mp 
quite definite and measurable, was small. In the present instance, 
however, the deviation is large, approximately ten times that 


observed in the case of lead, and far exceeds any possible error of “i 


Fie. 1. 


a 


24 


| 
| | p 
—-— 
p Va | 120+ 
tt 4 : 
| 
y 60 
6 
Z| ole o \Olser ns 
a 
0 
adi - 
-_— sm. 
0 oss ; 660 30 980 7040 *C see 
c at 


experiment. Hence, so far as it goes, the evidence is strongly in § ‘™ 
favour of the view that, in the case under discussion at least, cause Th 


(b) is the principal reason of failure of the Nernst equation. ext 
In view of this large discrepancy, it is the more remarkable that 

(as with lead) the experimental results can be expressed with ~~ 

acouracy by Ramsay and Young’s empirical relation wa 
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ghere 7’, and 7’, are the absolute boiling points of two liquids under 
the same pressure. Applying the same extrapolation test, mercury 
ying the reference liquid, the constants obtained from the first 
temperature interval gave the equation 

Tyson /Tug = 2°599 + 0°000383 Tn, . . « « (iv) 
the graph of which, within the second interval, is shown by the full 
line of Fig. 2. (In Fig. 1, it coincides completely with the curve of 
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smoothed results from which the constants were obtained.) There 
seems to be a slight systematic deviation from the observed values 
at the highest temperatures used, but, even if this is real, it is very 


small and is scarcely within the limits of possible measurement. 
The point must remain to be settled when the observations have been 
extended to still higher temperatures. 


Henglein’s relation 
log 7T;=alogT7, +6... . . . (v) 


was subjected to a similar extrapolation test. The formula 


logo T sem = 1°045 logio1'x, 4: 0°319 . . . (vi) 
HH2 
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calculated from the curve of Fig 1, gave for the second temperature 
range a curve (dotted in Fig. 2) which deviated notably from the 
experimental results, although not so much as the Nernst curve, 
and in the opposite direction. 

Evidently Ramsay and Young’s formula is the only one of those 
investigated which is in the least degree trustworthy for extra. 
polation. Equation (iv) gives for the boiling point under atmo. 
spheric pressure the value 1495°, which may possibly be slightly 
below the true boiling point if the small deviation referred to above 
is real. In any event, the rounded value, 1500° + 10°, is probably 
trustworthy. 

The molecular latent heat, calculated from the curve of smoothed 
experimental results, amounts to 37,000 cals., which may be taken 
as correct to two significant figures. 


EXPERIMENTAL. 


Preparation of Sodiwm Cyanide.—The material required was 
prepared from pure hydrocyanic acid and pure carbonate-free sodium 
hydroxide made from sodium, the evaporation being conducted in 
in good vacuum. It contained upwards of 99°8 per cent. of sodium 
cyanide. 

Boiling Tubes.—Carbon tubes were used for the final experiments, 
although moderately good results were obtained with silica tubes 
coated internally with silicon. It was found that the carbon tubes 
disintegrated rapidly if fused sodium cyanide was allowed to 
penetrate them and then solidify. At the end of an experiment, 
therefore, the fused sodium cyanide was poured out, and the empty 
tube immediately reheated to volatilise the last traces. An 
increase in the life of the tubes was thus secured. 

Method of Experiment.—The method of making the measurements 
was generally similar to that employed in the preceding series of 
experiments (loc. cit.), but it was found that owing to the small 
leakage which inevitably occurs when carbon tubes are evacuated 
and heated, a small amount of carbon monoxide usually entered 
during an experiment and converted some of the sodium cyanide 
into sodium carbonate (Ingold and Wilson, T., 1922, 121, 2278), 
thus introducing a soluble, but comparatively non-volatile, impurity. 
In order to avoid error due to this cause, it was necessary (a) to 
carry out determinations as quickly as possible, using a fresh 
specimen for every few experiments, and (b) to analyse the material 
after each experiment. Vapour pressure measurements were not 
accepted as trustworthy unless the material poured out from the tube 
contained at least 99°5 per cent. of sodium cyanide. It will be 
shown on p. 891 that the total pressure curve for a mixture of 
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sodium cyanide and sodium carbonate is approximately linear, 
whence it follows that the presence of 0°5 per cent. of sodium 
carbonate dissolved in the sodium cyanide would lower the vapour 
pressure by about 0°5 per cent., which would be equivalent to 
introducing an error of 0°3° to 0°6° into the measurement of temper- 
ature. This is considerably less than the error inherent in an 
individual determination (+ 1°4° on the average), and is also less 
than the degree of approximation (+ 1°) to which the curve of 
smoothed results is believed to be trustworthy. 


TABLE I. 

p(mm.). ¢(obs.). ¢ (calc.). Diff. p(mm.). ¢(obs.). ¢(cale.). Diff. 
b 0-80 805° 803° + 2° a 27-5 1075° 1073° +2° 
a 0-85 810 807 +3 b 31-2 1085 1087 —2 
b 1-00 820 817 +3 a 35-0 1095 1097 —2 
a 1-05 822 820 +2 b 40-0 1llll 1110 +1 
b 1-50 840 842 —2 a 44-6 1125 1123 +2 
a 1-65 850 849 +1] b 52-8 1139 1141 —2 
b 1-85 860 858 +2 a 65-2 1164 1164 0 
a 2-40 875 876 —l b 64-7 1165 1163 +2 
a 3-00 890 891 —l a 75-0 1180 1179 +1 
b 3-30 895 897 —2 b 80-0 1185 1187 —2 
b 3-70 905 905 0 b 90-2 1200 1200 0 
a 4-90 925 928 —3 a 100 1210 1211 —l 
b 5-20 930 931 —l b 107 1221 1220 +1] 
a 6-50 946 948 —2 a 115 1227 1228 —1l1 
b 6-75 950 950 0 b 127 1240 1240 0 
b 7-10 955 956 —l b 150 1260 1260 0 
a 9-80 978 980 —2 a 151 1261 1261 0 
b 9-90 981 982 —1 a 167 1275 1274 +1 
a 11-5 992 993 —1 b 175 1279 ‘1280 —1 
b 12-5 1000 1001 —1 a 183 1284 1286 —2 
a 14-0 1010 1010 0 b 185 1289 1287 4-2 
b 14-1 1011 1011 0 a 215 1310 1307 +3 
b 15-6 1020 1020 0 b 230 1315 1316 —1 
a 16-0 1022 1022 0 a 243 1328 1324 +4 
b 17-5 1030 1031 —1 b 260 1337 1333 +4 
b 21-0 1050 1049 +1 a 285 1345 1346 —1 
a 21-4 1050 1050 0 a 290 1355 1349 +6 
b 23-0 1059 1059 0 a 301 1353 1353 0 
a 25-5 1066 1066 0 


Table I contains the results of fifty-seven determinations. In 
the first column, “a” denotes that the measurement was one of 
aseries taken in order of ascending pressures, and “b” that it 
was one of a series in order of descending pressures. The pressures 
ae believed to be correct to 0°1 mm. (where a decimal is quoted), 
ht it was attempted to read them to 0°05 mm. The observed 
mperatures (second column) could be read in the instrument 
wed to 0°1°, but are quoted to the nearest one degree. The third 
wlumn gives the temperatures calculated from formula (iv) and 
Smith and Menzies’s data for mercury (J. Amer. Chem. Soc., 1910, 
82, 1447), and the fourth column the differences, the algebraic 
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average of which is — 0°06°, that is, nearly zero, as it should be, 
Their average, disregarding the sign, is 1°4°. 

Table II exhibits the smoothed results for every 10°, from 800° 
to 1360°. Intermediate values can be obtained to the nearest 
one degree by linear interpolation. The pressures are probably 
correct to 1 per cent., and the temperatures to one degree. 


TABLE II, 

t. p(mm.). é. p (mm.). t.. - p(mm.). be BP (mm.). 
800° 0-76 940° 5-80 1080° 29-4 1220° 107 
810 0-90 950 6-60 1090 32-4 1230 117 
820 1-06 960 7-52 1100 36-0 1240 127 
830 1-25 970 8-55 1110 39-8 1250 138 
840 1-45 980 9-70 1120 43-7 1260 150 
850 1-67 990 11-0 1130 47-7 1270 162 
860 1-92 1000 12-4 1140 52-2 1280 175 
870 2-22 1010 14-0 1150 57-6 1290 189 
880 2-55 1020 15-6 1160 63-0 1300 204 
890 2-96 1030 17-3 1170 69-0 1310 220 
900 3°43 1040 19-2 1180 75-6 1320 237 
910 3-95 1050 21-3 1190 82-5 1330 255 
920 4-50 1060 23-7 1200 89-8 1340 273 
930 5-10 1070 26-4 1210 98-3 1350 293 

1360 314 
TABLE III. 

p (mm.). t(obs.). ¢ (Nernst). Ax. ¢ (Henglein). An. 
0-76 800° 802° + 2° 801° + 1° 
1-20 828 829 + 1 828 0 
1-85 857 858 +1 857 0 
2-81 886 886 0 885 — 1 
4-18 914 913 — 1 913 1 
6-10 943 942 — 1 942 — 1 
8-76 973 971 — 2 973 0 
12-4 1000 999 — ] 1000 0 
17-2 1029 1029 0 1029 0 
23-6 1059 1060 + 1 1058 — 1 

32-0 1089 1090 + 1 1088 —1 
42-8 1118 1122 + 4 1116 — 2 
56-6 1148 1155 + 7 1144 — 4 
74-1 1177 1187 +10 1172 — § 
95-9 1207 1220 +13 1202 — 5 

123-0 1236 1254 +18 1230 — 6 

156-3 1266 1290 +24 1260 — 6 

196-8 1295 1328 -+-33 1287 — 8 

245-8 1325 1367 +42 1315 —10 

304-7 1355 1405 +50 1345 —10 


In Table III, the experimental results are compared with the 
values calculated from the Nernst and Henglein formule. The first 
column records pressures and the second temperatures calculated 
by the Ramsay-Young formula (iv), these values being practically 
identical with those read from the curve of smoothed results. 
The third column shows the temperatures calculated by formula 
(ii) to correspond with the pressures given in the first column, and 
the fourth column the differences between these temperatures 
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and the corresponding temperatures of the second column. The 
temperatures given by formula (vi) are shown in the fifth column, 
whilst the last column gives the differences between these and the 


figures of the second column. 
Supplementary Note: The Total Pressure Curve for Mixtures 
of Sodium Cyanide and Sodium Carbonate. 


The following table records the total vapour pressures of mixtures 
of sodium carbonate and sodium cyanide at two temperatures, 
1000° + 1° and 1100° + 1°. 2 = Mols. of NaCN/[mols. of NaCN + 


Fig. 3. 
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2 (mols. of Na,CO,)]._ The composition of the material was deter- 
mined by analysis after each vapour pressure determination. 
The accompanying curves (Fig. 3) show that the total pressure is a 
nearly linear function of the molecular composition of the mixture, 
and that the vapour pressure of sodium carbonate is negligible in 
comparison with that of sodium cyanide at the temperatures 


investigated. 


Temp. = 1000° + 1°. Temp. = 1100° + 1°, 
@. p (mm.). %. p (mm.). 
0-00 0-0 0-00 0-0 
0-15 1-0 0-30 10-0 
0-41 5-0 0-47 16-2 
0-60 7-8 0-64 23-6 
0-75 9-9 0-75 27-6 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutn KeEnsrneTon, 8.W.7. [Received, February 6th, 1923.] 
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CVII.—Anodic Formation of a Perchloride of 
Manganese. 


By Atan NEWTON CAMPBELL. 


In the course of some experiments on the cathodic deposition of 
manganese from chloride solution, the solution round the anode, 
which was separated from the main body of the liquid by a porous 
pot, was observed to have assumed a deep, almost black, colour. 
On examination against a strong light it was seen to be a very deep 
red, but quite clear solution. It was thought that this solution 
might be analogous to the dark liquid obtained by Scheele, by treat- 
ing manganese dioxide with cold concentrated hydrochloric acid, 
the constitution of which has never been definitely settled. On 
the other hand, it might be a colloidal solution of manganese dioxide, 
since manganese dioxide is always formed during the electrolysis 
of manganese salts, even of the chloride, when the acid concentra- 
tion is low (Mn + 2H,O + 2 @ = MnO, + 4H’). Reference to 
the literature revealed the fact that higher oxidation salts of man- 
ganese have been prepared anodically, namely, H,Mn,(SO,),,8H,0 
(Foerster, ‘‘ Elektrochemie wisseriger Loésungen,’ 1915  edn., 
p. 742) and manganic nitrate (Z. anorg. Chem., 1910, 68, 1607), 
but no information as to a higher chloride was obtainable. 


EXPERIMENTAL. 


The dark coloured solution was prepared in the following way. 
The electrolysis cell consisted of a rectangular glass jar containing 
a porous pot. The porous pot contained the anolyte of 3//-man- 
ganous chloride, to which an equal volume of concentrated hydro- 
chloric acid had been added, and the main body of the ceil the 
catholyte of ammonium chloride, containing 250 grams of the salt 
per litre. Both anode and cathode were sheets of platinum foil. 
An anodic current density of 6 amp./sq. dem. was used, corre- 
sponding to a total current of 6 amperes. Current was passed for 
two and a half hours, during which time the temperature rose 
from 18° to 47°. Rise of temperature, however, had previously 
been found to be not prejudicial to the process. On the other hand, 
neither current density nor manganese concentration can be much 
reduced. “The clear anolyte was then examined under the ultra- 
microscope, but no colloidal particles were discernible. It was 
therefore thought that the dark colour must be due to the presence 
of a higher chloride of manganese. 

For purposes of comparison, Scheele’s dark liquid was prepared 
by allowing concentrated hydrochloric acid to stand oyer-night 
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in contact with finely powdered manganese dioxide. After filtering, 
a dark liquid was obtained which was quite clear and showed the 
same dark red colour as the anodic product. This liquid deposited 
manganese dioxide on dilution, a property also possessed by the 
anodic product. It seems, therefore, as if both liquids contain 
the same higher chloride. Moreover, as the prevailing colour of 
quadrivalent manganese salts is given as brown (red?) and that 
of the tervalent salts as violet (compare Foerster, loc. cit.), a first 
assumption was made that the chloride was, mainly at all events, 
the tetrachloride. 

Before analysing the anodic product, free chlorine was removed. 
This was readily and completely brought about by bubbling nitrogen 
through the liquid. Removal of the free chlorine produced no 
change in the liquid. 

The analysis was carried out by two methods. Ten c.c. of the 
dark solution were mixed with 10 c.c. of N/10-ferrous sulphate, 
syrupy phosphoric acid was added, and the excess of ferrous sul- 
phate titrated with standard potassium permanganate. The 
dark colour disappeared completely on the addition of the ferrous 
sulphate. The reaction was assumed to be 


MnCl, + 2FeCl, = MnCl, + 2FeCl,. 


This determination gave as the concentration of manganese 
tetrachloride, 0-0185 gram-mol. per litre. 

Twenty c.c. of solution were boiled with excess of water, and 
the precipitated manganese dioxide was filtered, ignited to Mn,Q,, 
and weighed. Here the reaction was assumed to be 


MnCl, + 2H,O = MnO, + 4HCI. 


The concentration of manganese tetrachloride found by this 
method was 0-0188 gram-mol. per litre. 

It will be observed that, on the assumption that the manganese 
is in the quadrivalent condition, very good agreement is obtained 
between the two methods. On the assumption of tervalent man- 
ganese, no such agreement is obtained. This indicates strongly 
that the higher chloride present is entirely the tetrachloride. 

Another portion of the liquid after removal of free chlorine was 
placed in a porous pot, standing in a beaker containing a mixed 
solution of M-ferrous sulphate and M-ferric chloride. Indifferent 
electrodes of platinum were inserted in both liquids and the #.M.F. 
of the combination was determined by the compensation method. 
The equation corresponding to this potential difference is 


Mn***’ + 2Fe* = Mn“ + 2Fe*™. 


HH* 
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The potential difference is therefore given by the expression 


0- 058 | Mn” 2 
E= Eiyy**** [an = o*| ve" + 9 log “Re 
where Hy,°---/y.°* = normal potential of manganic (quadrivalent). 


ions in presence of manganous-ions, and Ey,*--/pe* = normal potential 
of ferric-ions in presence of ferrous-ions. The other symbols have 
their usual significance. The value obtained for the first determina- 
tion was 0-663 volt (at 16°). We therefore have 


0- “a (0-0187}{1}?. 
a a Ag walisrinaeed bad § 
3 Ex, [Ma — © ‘750 + log [1-51]? ? 
whence Hy,°**-/50°° = 1-468 volts ee scale). 
The manganese solution was now diluted with three times its 
volume of 1:5M-manganous chloride solution, and the £.M.F. 


again determined. This was found to be 0-639 volt at 16°. Here 
we have 


a a aa 5 — [0-0047][1}°. 
0-639 = Byg**/mo — 0°750 + log reyip ° 
whence Eyy°***/sn* = 1-462 volts rank scale). 

Taking the mean of these two values, we obtain as the normal 
potential of quadrivalent manganese-ions in presence of bivalent 
manganese-ions, 1-465 volts (hydrogen scale) at 16°. 

The amount of tetrachloride present being so small in comparison 
with the amount of manganous chloride, it was thought that any 
attempt to crystallise it out would have been fruitless. 

In conclusion, it may be mentioned that the tetrachloride is 
sensitive to light, particularly ultra-violet light, the solution losing 
its dark colour and giving off chlorine gas, without, however, 
any precipitation occurring. 


Summary. 


1. A solution of a higher chloride of manganese, similar to 
Scheele’s dark liquid, has been prepared anodically. 

2. The solution has been analysed and shown to contain only 
the tetrachloride, MnCl,, apart from unchanged manganous chloride. 

3. The normal potential of quadrivalent manganese-ions in 
presence of bivalent manganese-ions has been calculated from 
oxidation—reduction potential measurements. 


In conclusion, the author wishes to acknowledge his indebtedness 
to Professor A. J. Allmand for some very valuable suggestions. 


K1nq’s CoLteGE, StRAND, W.C. [Received, March 29th, 1923.] 
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CVITI.—Mercury Cleansing Apparatus. 
By Auaustus Epwarp Drxon and James LyTtLe McKE&E. 


AurHouGH embodying no new principle, the form of mercury 
deaner represented in the accompanying diagram has been found 
grviceable and convenient in use. 

The mercury is contained in a cylindrical jar, 30 cm. high and 
jem. in bore, the mouth of which is closed by a rubber bung carry- 
ing two tubes: of these, one is a sleeve 
about 6 cm. long and just wide enough to 


pass the long leg of a U-tube; the other, 
about 15 mm. in bore, is provided with 
a rubber stopper and bent tube for 
connexion with the pump. This U-tube, 
the essential part of the apparatus, is 
bent as shown: its bore may be from 
25 to 2°7 mm., and to minimise the risk 
of fracture in handling, it should be fairly 


thick-walled—say, 6 mm. in external 
diameter. At the bottom of the U-bend, 
a hole is blown. Entering through this 
hole, the mercury is caught in an air ( 
current, developed by suction (or by pres- 

sure), is swept by it up the short leg of the 
tube, and from the nozzle of the latter is 
delivered in a spray of minute droplets, oe 


which strike against the wall of a glass 
jacket. Thence the comminuted mercury 
falls back into the mass of liquid, the Ly Hl les 
circulation being continuous and complete. 


For the long leg of the U—the “ air inlet 


oe 


tube ’—a suitable length is 45 cm.; the 7 
short leg, or ‘‘ spray tube,” should be long ] 

enough for its conical nozzle (constricted 

at the end to a diameter a little more than ao eee, Jeg 


one-half that of the main bore) to stand at PF 

about 4 to 5 cm. above the surface of the 

mercury, when the inlet hole for the latter is just at the bottom of 
the jar. This inlet hole has a diameter about the same as the tube- 
bore; its everted edge should be filed off, or else very lightly fused, 
lest any thickening should impede the entrance of the mercury. 


Surrounding the air inlet tube and its sleeve is an air-tight collar 
Hu* 2 
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of thick-walled rubber tube, smeared internally with glycerol, 
in order that the U-leg may be slid up and down easily. 

To prevent the mercury from splashing over the wall of the 
jar, and thus escaping from circulation, the spray tube is covered 
by a jacket, floating in the mercury, and long enough for its top 
to clear the nozzle by 4 or 5 cm.; as a rule, a length of about 10 
em., overall, is sufficient. It should be at least 25 mm. in bore, 
and 1 to 1°5 mm. thick in the wall: between the legs of the U-tube, 
there must be space enough for the jacket to move freely up and 
down without being pinched. Through its wall, exactly at the 
mercury level, as the jacket floats, a large slot is cut, crosswise 
(by means of a round file, lubricated with turpentine), not less 
than 15 mm. long; 3 cm. above this, another slot is filed, only 
some 3 to 4 mm. long. The point for the lower slot may be found 
by hanging the jacket, mouth downwards, on the short leg of an 
open U-tube, and lowering the system until the jacket floats, upright, 
in the mercury; there should be free communication between the 
mercury surface, outside, and that inside the jacket. 

To operate the machine, the procedure is as follows. A suitable 
charge of mercury having been poured into the jar, the jacket is 
slipped over the spray tube, the slots being turned so as nearly to 
face the air inlet tube. The latter having been slid well up in 
its sleeve, the rubber bung is pushed home, air-tight, the sprayer 
now being slid down until the U-bend is felt to touch the bottom of 
the jar; then (unless it springs up of itself), it is drawn up just 
clear. The pump is started, and when spraying is established, the 
air inlet tube is slightly rotated in its collar, so as to direct the 
flying mercury obliquely against the wall of the jacket. There- 
upon, if the mercury is rather foul, a stream of infinitesimal globules 
—almost a dust—travelling at high speed, ascends the jar in a 
grey spiral, attains a certain height, and thence descends in a some- 
what wider spiral; viewed across the jacket, the direct and reversed 
spirals form a sort of “ figure-of-eight.”” With a nearly clean sample, 
however, it is different, the ejected particles now coalescing so 
readily that, soon after striking the wall of the jacket, they collect 
into beads, heavy enough to trickle down. 

Very foul mercury—especially when zinc is the contaminant— 
develops a black “ froth,” containing much mercury and so volu- 
minous that it may soon fill the jacket. To defeat its formation, the 
mercury is covered with a layer of dilute nitric acid (1 vol. of con- 
centrated acid in 20 vols. of solution), not deep enough to flood the 
upper slot in the jacket. At first, the contaminant metal alone 
passes into solution, a few drops of the acid liquor, withdrawn by 
means of a pipette, yielding with alkali hydroxide a corresponding 
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cerol, raction; later, the reagent gives a copious black precipitate. 
The mercury is now washed, roughly dried, filtered, and the puri- 
f the Fistion completed by “ dry blowing.” 
For an apparatus of the dimensions named, about 250 c.c. of 
mercury is a convenient charge. More, or less, of course, may be 
taken, if the length of the spray tube is adjusted to suit; at very 
deep or very shallow immersions, however, the conditions for 
producing a steady and well comminuted spray are obviously 
not the same as those at an intermediate depth. 
A few minor details may be added. (i) Plugs of mercury in the 
wm spray tube may not be ejected readily when the pump is started, 
air bubbling out, instead, at the mercury inlet hole. If so, the 
air inlet is closed for a few seconds by the finger; on its removal, 
the burst of air will force out the plugs, and spraying will follow. 
an I ii) By putting over the air inlet a test tube, packed loosely with 
ght, cotton wool about a central tube, running the full length of the test- 
the tube, the chattering noise may be silenced. (iii) The black deposit 
that forms inside the spray tube is removable by a dip into sul- 
able phuric acid—“‘ dichromate ” mixture, followed by rinsing with water 
18 Find then alcohol: the tube need not be dried afterwards. 
iva Apart from its compactness, stability, and general strength, 
NH the foregoing apparatus has the merit of requiring practically no 
'Y@ F sttention while running. In a particular test-experiment, 3°5 
a of kilos. of mercury, fouled with zinc (1 in 5000), after three hours’ 
ust Fret blowing had become almost free from “drag’’: it was then 
the dry blown for eight hours, at a venture, the filtered product, when 
the sprayed for another hour, showing no surface tarnish. At this 
Te I stage, it passed all the usual tests, and when used in a concentration 
es F ell with dilute sulphuric acid against highly purified mercury, 
1 4B filed to stir the needle of a meter, reading directly to millivolts. 
ne- f After a further run of sixteen hours, although the mercury surface 
sed H ras scarcely dimmed, a perceptible dark scum had formed inside 
the spray tube. 
80 With a wider jar, and a trifling modification of the jacket, to 
si permit the use of a relatively large volume of the supernatant 
solution, this apparatus would probably be suitable for the purifica- 
~ {tion of mercury by Bettel’s cyanide method (Chem. News, 1908, 


lu- 

1, f 9% 158). 
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Some Constitutional Problems of Carbohydrate 
Chemistry. 


A Lecture DELIVERED BEFORE THE CHEMICAL SOCIETY oy 
FEBRUARY 22ND, 1923. 


By James CoLtqunHoun Irvine, C.B.E., F.R.S. 


I Feet that an honour has been done to my research school j 
inviting me to lay before this Society an account of some of 
the studies upon which we have been engaged, but my gratificatio 
is tempered by the sobering thought that the title of this lecture js 
ill-chosen. 

No rapid survey can be made, no adequate synopsis can be 
given, of the manifold problems of carbohydrate constitution 
which have already been solved or which still await adequate 
representation. To discuss even in broad outline the structure 
of a single sugar demands the consideration of a bewildering series 
of reactions and relationships, and to deal, in one lecture, with all 
classes of carbohydrates is to court disaster. My excuse in attempt. 
ing what I believe to be the impossible is that, to me, the carbo. 
hydrates are among the most important, the most baffling, yet 
withal the most fascinating substances which engage the attention 
of the chemist. 

To the student who brings to bear on our'science the special 
appreciation which comes from tracing historical developments 
there must be abundant satisfaction in discerning how our knov. 
ledge of carbohydrates has expanded in response to the stimulus 
conveyed by fresh views on structure. The pioneer researches, 
and early explorations of the fate of carbohydrates in the living 
organism, must not be passed over lightly; the experimental 
difficulties encountered to-day serve but to remind us of the skill 
and patience devoted to this work. Yet, go back rather mor 
than a century and you will find the “Old Masters ”’ struggling 
with the sugars and giving in a few lines of print all that was then 
known regarding them. Bridge a gap of seventy years from their 
time and you will find little in addition; a few more sugars had 
been recognised and a greater variety of derivatives had been 
prepared, but, in the absence of structural views, the information 


provided is purely descriptive and empirical. Then began that 
brilliant period of constitutional carbohydrate chemistry which 
culminated in the great awakening we owe to Emil Fischer. 

It was indeed a marked advance to be able to expand the formula 
C,H,.0, so as to display, not only the significant groups, but also 
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their configuration, and thereby to account for the isomerism and 
mutual relationships of the simple hexoses. Almost inevitably 
this progressive phase was followed by a resting stage, and it is 
not surprising that, during the past twenty-five years, the study 
of sugars has shown alternations of activity and stagnation. The 
present is a period of revival, and, in sympathy with this growing 
interest, one is tempted to include many aspects of carbohydrate 
constitution, but with the time at my disposal it seems prudent 
to confine myself almost exclusively to problems which have 
engaged the attention of my co-workers and of my colleagues. 

Although with the information now available an elaborate classi- 
fication of carbohydrates is possible, we may, in the interests of 
simplicity, adhere to the present system and may divide them 
into three groups : 


(a) Reducing sugars which are unaffected by hydrolysis. 

(6) Glucosidic compounds which, on hydrolysis, yield at least 
one reducing sugar. (Di- and n-saccharides may be regarded as 
special examples of this class.) 

(c) Polysaccharides. 


The above groups are interrelated, and the constitutional problems 
presented by glucosides, n-saccharides, and polysaccharides are 
obviously dependent on the structure of the simple reducing sugars. 
Lack of knowledge of the monosaccharides is at once reflected in 
the complex saccharides. 

In order to arrive at the fundamental aspects of carbohydrate 
structure, we may consider the special case of glucose, and may 
trace the stages through which our present views regarding the 
hexose molecule have evolved. These stages are expressed in 
historical sequence in the scheme shown below, which displays the 
transition from an empirical formula to the butylene-oxide repre- 
sentation of «- and 8-glucose now in general use. 


aT ae, 
CHO (HOH |. . 1 
i HU-OH  H-U-OH 2 
HOUH HOCH 3 

C,H,,0, (CH-OH), 4 | 
H,-OH ie 3 : 
ap -OH por -OH 6 

(L.) (II.) (IIL) (IV.) 


The cyclic formula for reducing sugars has proved of real service, 
and its adoption has been justified, but it is necessary to point out 
that, until recently, less than one-half of the molecular archi- 
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tecture of glucose had been studied. When we remember that 
position 1 in the above formula plays a part in mutarotation, in 
the formation of glucosides, and in oxidation processes, it will be 
agreed that this particular alcohol group has placed no obstacles 
in the way of thorough investigation. The properties of the group 
indexed as position 2 are not so well defined, but are revealed to a 
limited extent in the formation of osazones, whilst our knowledge 
of the group in position 6 is restricted to a few reactions such as 
oxidation to saccharic acid and the formation of dibromo-deriy-. 
atives. Speaking generally, however, it may be claimed that the 
essential reactions of the three hydroxyl groups specified are 
already known. 

On the other hand, the asymmetric systems indexed as 3, 4, 
and 5 represent areas in the sugar molecule which had remained 
almost entirely unexplored. There are good reasons for this gap 
in our knowledge, yet a proper understanding of the glucose 
molecule cannot be obtained if, as is generally the case, attention 
is focussed exclusively on the reducing group; each hydroxyl 
group must be studied, for each possesses its own particular 
properties and contributes to the reactions of the molecule as a 
whole. This consideration leads directly to another point, which 
I believe to be of even greater importance. It is evident that the 
linkage of the ring-forming oxygen atom in the molecule need not 
remain exclusively in one position, but may connect different pairs 
of carbon atoms, and thus, all the groups from 1 to 6 must be 
regarded as variables. For example: 


Position 1 may possess either the «- or 8-configuration. 
Position 2 may be involved in an ethylene-oxide ring. 


Position 3 __,, . », & propylene-oxide ring. 
Position 4 ,, a ,», & butylene-oxide ring. 
Position 5 = ss », an amylene-oxide ring. 
Position 6 __,, ” ,», &@ hexylene-oxide ring. 


It follows, therefore, that if we include an aldehydic variety, 
d-glucose may react in any one of eleven forms or as a mixture of 
these isomerides. These complicated possibilities must be taken 
into account in speculating on the reactions of the so-called 
“simple ’’ sugars, in tracing their origin, their metabolism, and 
their relationship to the di- and poly-saccharides. 

These are preliminary considerations, and I turn now to an 
account of how the intimate structure of carbohydrates has been 
advanced through the agency of one particular method of inquiry, 
which, for reasons already given, was applied in the first instance 
to the monosaccharides. I refer to the process of methylation, 
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a reaction which has been employed to introduce stable methyl 
groups into all the hydroxyl positions of reducing sugars or into 
any hydroxyl groups which remain unsubstituted and exposed in 
a sugar derivative. Taking an example which has been very fully 
studied, the sequence of typical operations leading to a fully 
methylated glucose may be expressed by the following scheme : 


CH: OH ;>-CH-OMe --CH-OMe >-CH-OH 
‘5 H-OH | CH-OH | CH-OMe CH-OMe 
rf OH —> j CH-OH —» 9 (H-OMe —> 9 CH-OMe 
“CH -CH LCH 

o— CH: ‘OH CH-OMe CH- ‘OMe 

CH,-OH CH,-OH CH,-OMe CH,-OMe 
(V.) (VI.) (VIL) (VIII.) 
Glucoside formation. Methylation. Hydrolysis. 


The first stage is the formation of methylglucoside, a reaction which 
has the effect of protecting the reducing group, and this is followed 
by the introduction of methyl groups into the remaining hydroxyl 
positions. It is important to note that acid hydrolysis of the 
methylated glucoside affects the molecule only in one position, 
the glucosidic alkyl group being eliminated, whilst the remaining 
methyl groups survive. In the tetramethyl glucose thus produced, 
four hydroxyl groups have been masked, and it is thus possible to 
study the properties of the reducing group in the absence of many 
complicating factors. Extending the above principles, it will be 
clear that if a sugar is substituted by any group or groups capable 
of subsequent removal by hydrolysis, it is possible to methylate 
the unoccupied hydroxy] positions and ultimately to obtain definite 
partly methylated sugars. In these products, the position of the 
OH groups coincides with the position in which the substituting 
groups were attached to the original sugar residue. For example, 
starting from benzylidene methylglucoside, only two hydroxyl 
groups are available for methylation, and consequently, on com- 
pleting the series of reactions, the final product obtained was a 
dimethyl glucose. Reference to the published papers will show 
that the method is of wide application, and that a large variety 
of completely and partly methylated aldoses and ketoses have 
been prepared and examined. 

In general, it may be said that alkylated sugars are extremely 
suitable for exact and critical experimental study. In many cases 
the compounds crystallise readily in highly characteristic forms 
and, in addition, the sugars or their glucosides can be effectively 
purified by distillation in a high vacuum. Moreover, the presence 
of the alkyl groups increases the solubility in organic solvents 
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enormously, and thus the reactions of the compounds can be 
studied under a variety of conditions. Characterised by properties 
such as I have described, alkylated sugars are well adapted as 
reference compounds, in that they can be isolated and identified 
with certainty, even when only small quantities are available, 
The same remark applies to the alkylated sugars which are liquids, 
as, in the majority of cases, they yield crystalline anilides or 
glucosides upon which characteristic physical constants may be 
determined accurately. 

I have referred to the opportunities afforded by alkylated sugars 
to restrict the attack of reagents to a limited number of selected 
hydroxyl groups, but a more obvious application of these com. 
pounds, and one which is superficially of more importance, lies in 
the use which has been made of them to solve the structure of 
typical glucosides, disaccharides, and polysaccharides. If we 
ascribe to any sugar derivative the general formula S--G, where 
S is a sugar residue and G the group with which it is condensed, 
then methylation followed by hydrolysis will give as a minimum 
two products, one of which will be a methylated sugar. Deter. 
mination of the number and distribution of these methyl groups 
in each of the cleavage products gives the complete structure of 
the parent compound, as the mode of attachment of the individual 
constituents is thereby revealed. 

In the special case where the group G is also a sugar residue, 
the compound under consideration would be a disaccharide, and 
the general formula may be written S--S,. Precisely the same 
structural study can evidently be applied to it, with the single 
difference that two methylated sugars will be obtained on hydro- 
lysis in place of one. The method is equally applicable to the 
general type S,, which includes polysaccharides. 

This exploitation of methylated sugars in solving constitution 
was recognised at an early period in our work, but the policy was 
deliberately adopted of postponing such an extension until the 
standard methylated sugars required as reference compounds had 
been examined and definite constitutions assigned to them. Once 
this was done, results have come quickly, and I now propose to 
refer to the conclusions which have been drawn in a few typical 
cases selected from the classes into which carbohydrates are 
divided. 


Constitution of Natural Glucosides. 

As already explained, the application of the methylation method 
to «- and $-methylglucoside results finally in the formation of one 
of the five different forms in which a tetramethyl glucose can exist. 
The sugar actually obtained is a crystalline solid, easily purified, 
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and quickly identified by means of its physical constants. The 
structure assigned to it is that of formula VIII, and, from what 
has been said, it will be evident that all carbohydrates based on 
the same structural model as methylglucoside will yield the same 
variety of tetramethyl glucose. The first case to be investigated 
was that of sucrose, which may be regarded as a special case of 
a glucosidic compound. Methylation followed by hydrolysis gave 
crystalline tetramethyl glucose, thus solving the constitution of 
the disaccharide so far as the glucose component is concerned. 
Another example was afterwards furnished by salicin, which was 
converted into a crystalline pentamethyl derivative, and this, in 
turn, gave rise to equimolecular proportions of tetramethyl glucose 
and saligenin methyl ether. From this result the structure of the 
parent glucoside is at once apparent. 


Ultimate products. Original compound. 
--OH-OH CH — 
| CH-OMe HO | CH-OH ( |CH,-OH 
? CHOMe , “\CH;OMe 9 (HOH = \/ 
CH-OMe CH-OH 
CH,-OMe CH,-OH 


The above proof applies equally to the related glucosides helicin 
and populin, which must also be derived from the butylene-oxide 
form of glucose, as they have been prepared from salicin by pro- 
cesses which do not disturb the glucosidic linkage. I may refer 
also to other results of a similar nature which have recently been 
obtained with important natural glucosides. It has been shown 
that the sugar residue in indican and in arbutin has the same 
linkage as in salicin, whilst amygdalin also falls into line and has 
been proved to be a glucoside of the type S--S,-~G, in which 
the sugar residue S is similarly capable of yielding tetramethyl 
glucose. These are not isolated examples, and it is a remarkable 
fact that all the natural glucosides so far examined yield the stable 
or butylene-oxide variety of tetramethyl glucose. This result may 
be translated into the statement that, although glucose can and 
does exist in a highly reactive form, this variety does not appear 
to persist in the formation of glucosides in Nature. Reference 
will be made later to artificial glucosides derived from an unstable 
modification of glucose, but at this stage it may be stated that 
such compounds show little tendency, in the absence of hydro- 
lytic conditions, to revert to the more stable isomerides by alter- 
ation of the oxygen ring. This change seems, in fact, to be 
dependent on the presence of the reducing group, and the com- 
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bined evidence indicates that it is the stable form of glucose 
which is utilised by plants in the formation of natural glucosides. 
Some indications exist that the glucosidic components of plant 
pigments are not invariably derived from a single variety of 
glucose, but our work in this direction is not sufficiently advanced 
to permit of a final decision being made. 


Constitution of Disaccharides. 

Five methylated hexoses, functioning in the capacity of reference 
compounds, have served to determine the essential constitution 
of the most important disaccharides and polysaccharides. The 
hexoses in question are: tetramethyl glucose, two isomeric forms 
of trimethyl glucose, tetramethyl y-fructose, and tetramethyl 
galactose. 


-CH-OH --CH-OH --CH-OH CH,*OMe 
} )H-OMe b CH-OMe b (H-OMe --v-OH 
| CH-OMe (H-OMe ; CH-OMe | CH-OMe 
\—CH —CH —CH CH-OMe 
CH-OMe JH:OH CH-OMe | CH:-OMe 
CH,-OMe H,-OMe CH,-OH CH, 
2:3:5:6-Tetra- 2:3:6-Trimethyl 2:3:5-Trimethyl Tetramethyl 
methyl glucose glucose. glucose. +-fructose. 
or galactose. 
(IX.) (X.) (XI.) (XII.) 


Of these, 2:3:5:6-tetramethyl glucose has proved of greatest 
service, and it is fortunate that the compound is the most readily 
identified of all methylated sugars. 

In the experimental treatment of reducing disaccharides, the 
procedure adopted with monosaccharides is followed in that a 
glucosidic methyl group is introduced before the methylation of 
the sugar chain is carried out. By asimple, but extremely effective, 
method these consecutive reactions are conducted in one operation, 
and in this way a number of fully methylated disaccharides have 
been obtained. The hydrolysis of these compounds has given 
results which, as in the examples already quoted, are decisive in 
displaying the manner in which the hexose components are united. 
As the principles involved have already been explained, the 
structural studies of typical disaccharides can be readily synopsised. 

Maltose.—The essential steps required in this particular investi- 
gation are shown below: 


Heptamethyl 


é 2:3:5:6-Tetramethyl glucose . IX. 
Maltose — methylmaltoside — 


2:3:5-Trimethyl glucose. . . XI. 


Utilising the structures for IX and XI, the coupling of the glucose 
residues in maltose is shown to be: 


it 
of 
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~CH-OH 
I CH-OH 
; GH-OH (XIII) 
H 


JH-OH r O 
H,——O——CH-CH(0H)-CH(OH)-CH-CH(OH)-CH,-OH 
The formula thus established finds application, as will be described 
later, in deducing the constitution of the starch molecule. 
Cellobiose.—An entirely different mode of combining two hexose 
residues is displayed by cellobiose, as one glucose molecule is 
attached through its reducing group to the 5-position of the second 
glucose molecule. This is shown from the sequence of changes : 


Heptamethyl ( 2:3:5:6-Tetramethyl glucose. IX. 


— methylecellobioside a. | 2:3: 6-Trimethyl glucose x 


From these results it follows that cellobiose should be represented 
by the structure : 
> —CH-OH 
| CH-OH 
4 CH-OH (XIV.) 
—{H [ O | 
CH——O——CH-CH(0H)-CH(OH)-CH-CH(OH)-CH,-OH 
CH,:OH 
Apparently the attachment of the hexose molecule depicted in the 
above formula is characteristic only of natural carbohydrates, as 
the same coupling is present in cellulose, in starch, and in glycogen, 
but not in synthetic dextrins. Meanwhile, it is of interest to find 
that precisely the same condition exists in the disaccharide lactose. 
Lactose—The mutual relationships of the glucose and galactose 
residues in lactose are at once evident from the experimental 
scheme : 


2:3:5:6-Tetramethyl galactose . IX. 
Lactose —> Heptamethyl ‘ein f 


methyl-lactoside “ |9:3:6-Trimethyl glucose. . . X. 
Considering the origin of lactose, it is important to find that the 
galactose component belongs to the stable type and that the 
reactive, or y-form, is definitely absent. This point was readily 
established, as, although tetramethyl galactose is a liquid, it was 
identified by conversion into the well-defined crystalline anilide 
in yields which show that no other isomeride was present. 

Taking into consideration the mutual relationships of the com- 
pound sugars, the constitution of other reducing disaccharides 
may be deduced from the results already obtained experimentally, 
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but meanwhile the complicated case presented by sucrose may 
be discussed. 

Sucrose.—So far as two factors are concerned, research on 
sucrose proved to be comparatively simple. In the absence of a 
reducing group, the actual methylation presented few difficulties, 
and tetramethyl glucose, which is one of the scission products 
obtained from octamethyl sucrose, crystallises readily. Closer 
inspection of the practical details will, however, reveal some of the 
obstacles encountered. 

Octamethyl ( 2:3:5:6-Tetramethyl glucose . . IX. 


Sucrose —> 
sucrose 


A tetramethyl fructose . . . . XIi. 
The fructose derivative was a liquid, and its separation by dis- 
tillation proved to be tedious and imperfect. This was overcome 
by replacing octamethyl sucrose by the corresponding heptamethyl 
derivative, but another difficulty was then encountered, as the 
constitution of the tetramethyl fructose was unknown. The 
compound was, moreover, abnormal, being dextro- in place of 
levo-rotatory, and although earlier investigations had already 
revealed this irregularity, prolonged research has been necessary 
in order to ascribe a formula to the reference sugar. 

It is now recognised that the compound belongs to the type 
generally known as “ y-sugars,”’ and I hope to refer to these curious 
isomerides at a later stage. Meanwhile, it may be stated that 
the normal levorotatory form of fructose has been definitely 
proved to be a butylene-oxide and that in the tetramethyl fructose 
now under consideration the internal oxygen ring is displaced to 
one of the alternative positions. The first suggestion that an 
ethylene-oxide ring is present is no longer tenable, and in a paper 
now before the Society a former colleague provides experimental 
evidence in favour of an amylene-oxide structure. According to 
this view, the formula for sucrose becomes : 


CH,-OH 


4 
= 
re) 


‘a Vv | 

| CH-OH CH-OH 

0 CH-OH (H-OH 

\_CH cHoH ) “%Y) 
‘H-OH CH 
H,-OH L 


It may be mentioned that both the dimethyl and the trimethyl 
fructose obtained from inulin are likewise y-sugars, and contain 
the same internal ring which is present in the ketose fragment of 
sucrose. The examination of these sugars which is in progress 
will throw further light on the structure of sucrose. 


TI 
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From what has been said, it will be admitted that a new com- 
plication has been introduced into studies on the inversion of 
sucrose, as the initial condition of one of the hydrolysis products 
js transient. The disaccharide thus furnishes an interesting case 
where methylation reveals a feature of molecular structure which 
other processes fail to detect. 


Polysaccharides. 


Although doubtless any reducing sugar is capable of yielding a 
corresponding polysaccharide, authentic examples of the latter 
class of compound are not numerous and, up to the present time, 
our attention has been restricted to the four most important 
representatives: cellulose, starch, glycogen, and inulin. It is 
perhaps advisable to express the opinion that we are scarcely 
justified in claiming that the names used above refer to individual 
compounds, and, strictly speaking, we should meanwhile regard 
them as applicable to groups of closely-related compounds. 

Systematic study of the polysaccharides on constitutional lines 
is naturally more difficult than that of the related sugars. The 
absence of crystalline structure, the inconvenient solubilities 
involved, and the uncertainty regarding the uniformity of the 
material under examination are disadvantages, the full measure 
of which quickly becomes apparent in the experimental treat- 
ment of the compounds. These obstacles have not been allowed by 
chemists to stand in the way of investigating polysaccharides, 
which have been examined with commendable patience, yet it 
must be admitted that the reactions available for elucidating 
constitution are few in number and are difficult to interpret. Above 
all, the lack of precise information leading even approximately 
to the molecular weight of members of the group has proved a 
serious disadvantage. Two fundamental points, however, have 
long been recognised. The polysaccharides as a class possess the 
formula (C,H,)0;),, and are apparently polymerides of definite 
molecular units. Although little information can be gleaned from 
an empirical formula of this nature, the situation becomes clearer 
when it is remembered that, on complete hydrolysis, each poly- 
saccharide is converted into a monosaccharide. Familiar examples 
are : 

Cellulose —> Glucose 
Starch —> Glucose 
Glycogen —> Glucose 
Tnulin — > Fructose 


The evidence afforded by hydrolysis is important but, on occasions, 
may be utterly misleading, and consideration of one example will 
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give an indication of the pitfalls which await the investigator jn 
this field. The fact that inulin is converted by the action of 
dilute acids into the ordinary levorotatory variety of fructose led 
very naturally to the idea that the polysaccharide is derived from 
this form of the sugar. Such is not the case, and it is now certain 
that the fructose molecule liberated when inulin is decomposed 
is a dextrorotatory ketose, which reverts at once to the stable 
levorotatory variety. An extreme case, parallel with that of 
sucrose, has been quoted, but it serves to illustrate the caution 
which must be exercised in work of this description. Failure to 
appreciate the complex isomerism of which the monosaccharides 
are capable has led in other cases to hasty and premature 
speculation. 

Although, from the structural point of view, inulin is the most 
unique, and, in many respects, the most interesting of the poly. 
saccharides, it is perhaps advisable to deal, in the first instance, 
with members of the class which are related to glucose. I turn, 
therefore, to the case presented by cellulose. 

Cellulose.—In a paper now before the Society, results are described 
from which the constitution of the molecular unit of cotton cellulose 
may be deduced. To avoid repetition, I shall omit a detailed 
discussion and confine myself strictly to a synopsis of the essential 
evidence. Cotton cellulose has been converted into «-methy]- 
glucoside in yields which are practically quantitative, so that 
there can be little reason to doubt that the polysaccharide is com- 
posed entirely of glucose units. This result, of course, gives no 
clue as to the linkage of these glucose residues, but the information 
has been supplied by a parallel research on fully methylated cellulose. 
The alkylation proceeds readily up to the dimethyl stage, but 
thereafter the methoxyl content rises very slowly, and it has been 
a matter of some difficulty to obtain a trimethyl cellulose and to 
prove that this product represents the experimental limit of the 
substitution. Now, it has been known for some years that when 
dimethyl cellulose is hydrolysed there results a complex mixture 
of methylated sugars, one component being 2: 3: 6-trimethyl 
glucose. This result, significant in itself, justified only one step 
being taken in ascribing a formula to cellulose, which, in conse- 
quence, might be represented by the expression : 


~CH O >.< 
CH-OH 
CH-OH 
—CH 
CH O Y 
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Beyond the fact that they must consist of some form of glucose 
residues, the nature of the groups X and Y remained quite unknown 
until the fully methylated cellulose I have mentioned was available 
for hydrolysis. In addition, a further complication was introduced 
(and the point is somewhat elusive) through lack of any information 
as to how the hydroxy] groups in cellulose are distributed between 
the different C, units. Applying the considerations already dis- 
cussed, reflection will show that, according to the manner in which 
the hydroxyl groups are shared by each C, component, a trimethyl 
cellulose may undergo hydrolysis in four different ways and that, 
as @ maximum, forty-nine methylated sugars may then be pro- 
duced. These formidable possibilities are dealt with in the paper 
referred to, but the result actually obtained was the simplest 
possible of all the alternatives. Trimethyl] cellulose was converted 
quantitatively into 2 : 3 : 6-trimethyl methylglucoside, and this, in 
turn, yielded the corresponding sugar, unmixed with any isomeride 
or with any other derivative of glucose. A striking simplicity is 
thus established for the cellulose molecule, as the unknown frac- 
tions X and Y are shown to be identical with each other and with 
the nucleus glucose residue. In order to expand this result into 
a molecular structure, it is necessary to know how many of these 
glucose residues go to form the unit. The question is largely 
solved when the constitution of cellobiose is taken into account, 
as good grounds exist for claiming that this sugar is a definite 
fraction of the cellulose complex. The simplest expression of the 
cellulose molecule therefore consists of two anhydro-glucose residues 
connected as under : 


> oH 0 
b CH-OH . 
(H-OH (XVI.) 
—CH 
OH O CH-CH(OH)-CH(OH)-CH-CH-CH,-OH 
H,°OH O | 


Further expansion of the formula is, however, necessary to accom- 
modate the fact that the yield of cellobiose from cellulose does 
not exceed 50 per cent., and this important condition is satisfied 
by including three glucose residues in the molecule. There are 
four different ways of building up such a structure, but three of 
the formule thus obtained imply that cellulose should be con- 
vertible into other disaccharides in addition to cellobiose. Experi- 
mental evidence is, on the whole, against this view, and, as the 
remaining alternative is free from such an objection, it is meanwhile 
selected as the most appropriate. 
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H,°OH 2 
VU 
—CH O CH-CH-CH(OH):CH(OH)-CH 
} CH-OH | 
| CH-OH (XVIL) 
-CH | 
CH O GEOR) COR H-CH,:OH 
CH,°OH | O 


The essential reactions of cellulose are satisfied by the above 
formula, but in two respects the results furnished by the methyl. 
ation process fail to complete the architectural scheme of the 
cellulose complex. No indication is given of the «- or 8-configur. 
ation of the glucose components, and no idea is conveyed of the 
mechanism or extent of the polymerisation undergone by the 
simple molecule. We realise, however, that our work is not at 
an end, and it may be stated that, by the degradation of esparto 
cellulose, a compound corresponding to the molecular unit postu- 
lated above has already been isolated. Now that the outlines of 
the cellulose molecule have been defined, many further develop- 
ments will be apparent, and we are engaged in extending our 
researches to various forms of modified celluloses. 

Starch.—Turning to the problem of the constitution of starch, 
very much the same difficulties emerge as have been referred to 
in the case of cellulose and, viewed superficially, the two poly- 
saccharides have much in common. Like cellulose, starch is com- 
posed entirely of glucose residues and contains three hydroxyl 
groups for each C, unit present in the molecule. It does not 
follow, although this is almost invariably assumed, that each 
glucose residue contains three unsubstituted hydroxyl groups, or 
that the distribution of the three groups is uniform. The primary 
reaction of starch which, so far as we can tell, must be accommo- 
dated in a structural formula is the production of the disaccharide 
maltose by the action of diastase. Starch is also distinguished 
sharply from cellulose in being more readily hydrolysed by acids, 
and this at once points either to 

(1) a different type of polymerisation, 

(2) a different mode of attachment between the individual sugar 
residues, or to 

(3) a variation in the type of the glucose units. 
In other words, part of the starch molecule might conceivably 
be related to y-glucose, but this possibility can now be definitely 
excluded from the results furnished by methylation. These results 
are in themselves simple, but few reactions impose greater demands 
on the experimenter than the alkylation of starch. 


VIL) 


yar 
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As a rule, the procedure in methylating compounds of this 
nature is to use, in the first instance, methyl sulphate as the reagent 
and, when the methylation has proceeded far enough to render the 
product soluble in organic solvents, to complete the substitution 
by means of the silver oxide reaction. In the case of starch, there 
js clear evidence that these alternative reagents act in a different 
manner, Owing to the preferential attack of silver oxide and methyl 
iodide on One particular hydroxyl group. The methylation can, 
in fact, be arrested definitely when a dimethyl] starch is the sole 
product (OMe = 32 per cent.), but by varying the procedure, the 
methoxyl content can be gradually increased until it reaches the 
value 37 per cent. It should be stated that this is not an absolute 
maximum, but represents a second definite stage beyond which 
further methylation becomes a matter of increasing difficulty. 
The lower value for methoxyl] (32 per cent.) corresponds, as stated, 
to a dimethyl starch, and no definite structural evidence is forth- 
coming from the hydrolysis of this compound. On the other hand, 
the higher methoxyl content (37 per cent.) agrees with the 
theoretical amount required for an anhydrotrisaccharide, in which 
three methyl groups are attached to one glucose residue, whilst 
four such groups are shared by the two remaining glucose residues. 
The same result has been obtained consistently in different pre- 
parations, and ultimate analysis has confirmed the composition. 
Hydrolysis of this methylated starch shows that this is not a coin- 
cidence. The sugars thus produced were isolated in ‘the form of 
the corresponding methylglucosides and separated by vacuum 
distillation. Two products were in this way obtained, one being 
a trimethyl methylglucoside, and the other a dimethyl methy]- 
glucoside. It is significant that these produets- were formed in 
the molecular ratio of 1:2. On isolating the respective sugars 
from the compounds, a totally unexpected result was obtained, 
as 2:3:6-trimethyl glucose was produced from the trimethyl 
methylglucoside. As will be seen from inspection of formula X, 
we are forced to the conclusion that in starch one glucose com- 
ponent is linked in a manner which is duplicated in cellulose, 
cellobiose, and in lactose, but is absent in maltose. Combining 
these factors, it follows that, as a minimum, the starch molecule 
must contain three glucose units arranged in such a manner that 
one pur displays the coupling present in maltose, whilst another 
pair reproduces the linkage characteristic of cellulose. The results 
summarised in the scheme given below indicate the conditions 
which must be satisfied, and these are fulfilled by any one of three 
formule. 
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'2:3:5:6-Tetramethyl glucose 1 mol, 
Maltose —> { 
to 2:3: 5-Trimethyl glucose . . 1 mol, 
Starch \ 
\y { 2:3: 6-Trimethyl glucose . . 1 mol. 


Methylated starch —> - 


| Dimethyl glucose . . . . 2mols, 
rc O | 
, CH O CH,°CH(OH)-CH-CH(OH)-CH(OH)-CH 
| CH-OH é 
0 (H-OH (XVIIL) 
CH O CH-CH(OH)-CH(OH)-CH-CH(OH)-CH, 
CH,:OH L O a 
rer O 
---CH O CH-CH(OH)-CH(OH)-CH-CH(OH)-CH, 
| CH-OH 
0 (H-OH (XIX.) 
CH 
CH O ~CH,°CH(OH)-CH-CH(OH)-CH(OH)-CH 
CH,°OH | O | 
[ O 7 
--CH O0———CH,-CH(OH)-CH-CH(OH):CH(OH)-CH 
b (H-OH om 
; CH-OH ae) 
Lon | 
‘H O CH,-CH(OH)-CH-CH(OH)-CH(OH)-CH 
CH,-OH O 


(Letters in block type designate the potential reducing groups.) 

In reviewing the three possibilities, there is no diagnostic reaction 
which will enable a final decision to be made between them, but 
the formule differ in one important respect. Maltose may 
be produced in one way only from formule XIX and XX, 
and in two ways from the remaining alternative, which is thus 
preferred until the completion of work now in progress. The 
objections which may be offered against the adoption of such a 
formula have been discussed elsewhere, and the view now expressed 
receives strong support from the fact that very similar results have 
been obtained with glycogen. 

Glycogen.—In general, it may be said that the methylation of 
glycogen displays precisely the same features as were encountered 
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in the case of starch. The reaction shows a distinct tendency to 
cease at a stage where a dimethyl glycogen is the essential product, 
but frequent repetition of the alkylation occasions a slow increase 
in the methoxyl content, which has now been raised to a value 
close to that required for a trimethyl derivative. In a number of 
respects, however, minor differences are apparent between methyl- 
ated starch and methylated glycogen, and these suggest that, 
although a close parallel exists between the respective molecular 
units, they may not prove to be identical. 

One highly important factor has already been established with 
certainty, and that is the formation of crystalline 2 : 3 : 6-trimethyl 
glucose by the hydrolysis of a methylated glycogen containing 
37 per cent. of methoxyl. The reaction which gave this result 
proceeds in exactly the same way as the hydrolysis of methylated 
starch and points to the idea that an anhydro-trisaccharide repre- 
snts the glycogen molecule. Consequently both starch and 
glycogen resemble each other and also cellulose in possessing the 
uit shown in formula X. Beyond this, it is impossible to speak 
with certainty at the present time, as the constitution of the 
other hydrolysis products obtained from methylated glycogen has 
not been fully developed. 

Taking a general view of the three polysaccharides related to 
glucose, a number of interesting points emerge. The first un- 
doubtedly is their surprising simplicity. In the production of 
these compounds in nature complications of structure have been 
avoided, and although in the end there are wide differences between 
the polymerised aggregates to which we apply the names cellulose, 
starch, and glycogen, the inner molecular structure is remarkably 
alike. Apparently the contrasting properties of these poly- 
saccharides are dependent chiefly on the extent and, more par- 
ticularly, on the mechanism of the polymerisation undergone by 
the molecules, and we know little or nothing concerning these 
factors. Analogy is dangerous, but as we are dealing with mole- 
cular architecture, I may remind you that many different buildings, 
varying in design and function, may be erected with bricks of 
identical material and mould. The analogy may serve to reveal 
my opinion of the vast problems which have still to be solved 
before we can trace how, and why, an anhydrotrisaccharide mole- 
cule can take up its place as part of a cellulose fibre or of a starch 
grain. 

A second generalisation is that polysaccharides are not complex 
glucosides in which the groups of one glucose residue are sub- 
stituted by chains of other glucose residues. Two synthetic dextrins 
have been shown to conform to this model, but no evidence is 
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forthcoming that any natural polysaccharide is constituted in such 
a way. But the most remarkable feature in cellulose, starch, and 
glycogen is the absence of any sugar residue possessing the structure 
of y-glucose, and on first inspection, this may be regarded as some. 
what damaging to the theory that the reactive type of this sugar 
plays a part in natural syntheses. On the other hand, a greater 
importance must hereafter be attached to position 5 in the glucose 
molecule, as it functions in the coupling of the hexose residues in 
five highly important saccharides. In submitting these formule, 
it is perhaps necessary to sound a note of caution, as the double 
assumption is made that maltose is an integral part of starch, 
and similarly that the cellobiose unit is present in cellulose. 
There seems no reason to doubt these conclusions and they are 
generally accepted, but they have not been proved. 

Issues which are of special interest to the physiologist are raised 
in the relationship now established between starch and cellulose 
on the one hand, and between starch and lactose on the other, as 
one molecular fragment is common to all the compounds. A 
similar statement may be made regarding sucrose and inulin, as 
will be evident from the consideration of this polysaccharide. 

Inulin.—A common view is that inulin is the direct analogue of 
starch, from which it differs in being based on fructose in place 
of glucose. The distinction is, however, more deeply-seated than 
the above statement implies, and inulin occupies a position which 
is unique among natural carbohydrates. It is the only compound, 
so far.as known, which is built up of hexose units belonging 
exclusively to the type known as “ y-sugars.”” This feature of the 
polysaccharide has already been referred to, and a diagrammatic 
scheme will show the succession of reactions which lead to this 
conclusion. 


Inulin —+> Fructose —> 1:3:4:6-Tetramethyl fructose . . . . A. 
(leevo) (levo) 
Trimethyl —-> Trimethyl fructose —-+ Tetramethyl y-fructose .. . . B. 
inulin (dextro) (dextro) 


The ultimate products A and B are definitely isomeric, and a 
fundamental change in structure must therefore take place during 
one of the reactions involved. On the basis of evidence which, 
if complicated, is nevertheless conclusive, it has been shown that 
it is the conversion of inulin into levorotatory fructose which is 
at‘fault. During this change the internal ring in the sugar assumes 
the stable butylene-oxide position. This is not present in the 
original polysaccharide, but no such intramolecular change from 
the unstable to the stable type is possible in the parallel hydro- 
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lysis of trimethyl inulin, as the hydroxyl group necessary for the 
alteration is substituted. 

Our earlier work on inulin established several points of primary 
importance. All the fructose residues were proved to conform 
to the y-type, and, moreover, each C, unit was shown to contain 
three hydroxyl groups. One important piece of structural evidence 
remained undetermined, but this can now be supplied. 

If the hydroxyl groups in inulin are similarly distributed among 
all the C, chains, then the trimethyl y-fructose obtained from 
trimethyl inulin must be a single chemical individual. Con- 
versely, in the event of the hydroxyl groups being unsymmetrically 
aranged, then a mixture of the four possible trimethyl y-fructoses 
would result. To obtain the necessary evidence has been difficult, 
and has demanded the preparation of large quantities of trimethyl 
yfructose which, unfortunately, is a viscous, uncrystallisable 
yrup. The liquid has been shown to be homogeneous in every 
respect, and the complete symmetry of the inulin molecule is thus 
established. It is, on paper, a simple matter to utilise these results 
% as to construct a molecular formula for inulin, but some doubt 
still remains as to the constitution of trimethyl y-fructose. The 
compound has the same internal oxygen ring which is present in 
the ketose component of sucrose, but the position of the unsubsti- 
tuted hydroxyl group is not yet determined with certainty. Until 
this has been done, it is premature to ascribe a complete structural 
formula to inulin, but the most probable structure is 


CH,-OH 
G O x 
[ tion 
CH-OH (XXL) 
| 1H: O Y 
Hy, 


the same unit being represented at XY or at X and Y. 


y-Sugars. 


In the preceding sections, I have been under the necessity from 
time to time of referring in passing to y-sugars, and it seems 
expedient, in closing, to summarise our knowledge regarding these 
important variations in sugar molecules. This is desirable; as 
hitherto no attempt has been made to compile a general survey 
of what is known regarding y-sugars and, as considerable interest 
is taken in these compounds, I begin with the statement that the 
tame applied to them is not descriptive, but is, in a sense, accidental. 

As is well-known, the best-defined reducing sugars can generally 
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be obtained in twe isomeric forms which display mutarotation in 
opposite directions, and this is attributed to the rearrangement 
of the groups in the reducing position. The expressions « and 4 
were applied to designate these isomerides, and the two muta. 
rotatory forms of glucose serve as standard examples in illus. 
tration. Now this isomerism has been proved to be in no way 
dependent on the position of the internal oxygen ring in the sugar, 
since both «- and 8-glucose have been correlated with the butylene. 
oxide form of tetramethyl glucose. The discovery that another 
variety of glucose exists, in which the oxygen ring is differently 
attached, could not be accommodated by the nomenclature then 
in use, and the expression “ y-glucose’’ was applied to it. The 
name “ y-sugars ”’ has therefore a very general significance, and is 
used to include all forms in which the oxygen ring is displaced 
from the normal stable position. This is not entirely satisfactory, 
but a more exact nomenclature cannot be applied until the complete 
structure of each of these sugars has been established. Meanwhile 
it may prevent confusion if it is pointed out that y-sugars, retaining 
as they do a reducing group, can exist in «- and $-modifications, 
and the same remark applies to their glucosides. 

Up to the present, it has been ascertained that glucose, galactose, 
mannose, rhamnose, and fructose are all capable of existing in 
y-forms, and there seems no reason to doubt that the property is 
general. In no case, however, has an unsubstituted y-sugar been 
isolated, although we recognise their transient existence, and 
can in some measure study their properties by examining their 
methylated derivatives. The presence of the methyl groups in 
these derivatives prevents any alteration in the oxygen ring, and 
thus the constitutional type is preserved. Before summarising 
the chemistry of y-sugars, it may be mentioned that their discovery 
did not originate in any single dramatic observation, but that 
the evidence accumulated gradually. One of my laboratory note- 
books, describing work carried out exactly twenty years ago, 
gives an account of the methylation of sucrose, and the separation 
of the sugars thereafter formed on hydrolysis. Crystalline tetra- 
methyl glucose was isolated and, in addition, the corresponding 
fructose derivative was obtained by means of condensation in 
the cold with methyl alcohol, followed by the usual fractional 
distillation and hydrolysis. The complete analysis of the product 
was carried out, its composition was ascertained to be that ofa 
tetramethyl fructose, and its specific rotation was shown to be of 
the order + 27°. The entry in the book states that the work was 
at this stage suspended, there being no adequate explanation as 
to why a methylated fructose should be dextrorotatory. ‘The 
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compound was, in fact, pure tetramethyl y-fructose, but many 
consecutive researches were necessary before the discovery could 
be interpreted. A subsequent paper on the methylation of fructose 
added materially to the evidence that the ketose can react in a 
dextrorotatory form, and about the same time a result of equal 
significance was forthcoming. A levorotatory trimethyl glucose 
was obtained from glucose monoacetone and, in investigating the 
origin of this compound a new levorotatory form of tetramethyl 
methylglucoside was isolated, thus showing that, not only can 
d-fructose react in a dextro-form, but d-glucose can exist in a levo- 
rotatory variety. 

At this stage, Fischer published his paper on y-methylglucoside, 
which was quickly followed by our account of the isolation and 
properties of tetramethyl y-glucose. In view of this theoretical 
development, the way was now clear to resume the study of 
sucrose and to expand the scope of our work. 

For reasons already stated, the properties of y-sugars have to 
be inferred from those of their methylated derivatives, and, so far, 
the following examples together with the corresponding “ methyl- 
glucosides ” are available for study : 


Tetramethyl y-glucose (levo) 
Trimethy] y-glucose (lzvo) 
Tetramethyl y-galactose (levo) 
Tetramethyl y-mannose (levo) 
Tetramethyl y-fructose (dextro) 
Trimethyl y-fructose (dextro) 


In reviewing the reactions of these sugars, one is struck by the 
close resemblance shown to natural processes. For example, the 
compounds undergo oxidation with extreme ease, being affected 
by mild oxidising agents, and in illustration it may be mentioned 
that trimethyl y-glucose reduces Fehling’s solution instantaneously 
in the cold. At the ordinary temperature also they are converted 
into glucosides at a speed which is remarkable, especially when 
it is remembered that the formation of «-methylglucoside requires 
a treatment. of approximately sixty hours at 100°. In at least 
one case (tetramethyl y-galactose) a reducing sugar of the y-type 
is known to pass spontaneously by auto-condensation into a non- 
teducing disaccharide. These striking properties are far. removed 
from those of a normal sugar. 

Great difficulties have been encountered in attempts te: wile 
the constitution of y-sugars, and experimental work has been 
largely confined to tetramethyl y-glucose, trimethyl y-fructose, and 
tetramethyl y-fructose. In the case of the glucose derivative, the 
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first opinion formed was that an ethylene-oxide ring was present, § by | 
but this view has been modified in favour of the propylene-oxide § net 
structure. Similarly, an amylene-oxide constitution is at present yglt 
supported for tetramethyl y-fructose, so that, meanwhile, the § tab 


parent sugars may be represented as it W 
[-CH-OH CH,-OH fugit 

7 CH: OH OH rh 

CH (ee -OH « 

CH-OH | CH-OH xs 

CH-OH ‘H-OH ei 

CH,-OH CH, “ah 

y-Glucose. 7-Fructose. trad 


It is already evident that the butylene-oxide structure cannot be § subs 
assumed for any sugar even in its most stableform. Thus crystalline § repr 
xylose, which displays none of the properties of a y-sugar, has § the 
recently been shown to be an amylene-oxide and in this respect § 10 ! 
at least resembles y-fructose. assu 
I admit that speculation in the absence of experiment is best § gluc 
avoided in the carbohydrates, but in the course of investigating § that 
many varieties of y-compounds I found it impossible to reject the 
idea that the ordinary crystalline, comparatively stable sugars of 
the laboratory are not the forms which are primarily elaborated 
by the plant or disrupted by the animal. The fructose which we 
store in the chemical museum and produce as a lecture specimen 
is not fructose as it exists in combination in sucrose or in inulin. 
The idea conveyed above is that the natural processes leading 
to the formation of sugars and their derivatives, as also the ultimate 
utilisation of carbohydrates by the animal organism, involve as 
intermediate stages the transient formation of y-forms. The 91 su 
evidence may not be particularly convincing save to those who § con 
have handled all types of carbohydrates at the working bench, § thai 
but it is certainly the case that we have fleeting glimpses of extra- § grou 
ordinarily reactive sugars, which, in the process of artificial isolation § redi 
from either plant or animal sources, undergo rearrangement to the § reac 
sugars as we know them. This is not inconsistent with the results § secc 
obtained in either hydrolysis or synthesis effected by enzymes. 
If this suggestion is substantiated, it may have far-reaching effects 
in studying physiological processes, and in the treatment of con- 
ditions such as diabetes, in which the metabolism of sugars is 
abnormal. Research designed to test this idea was commenced 
three years ago, and the first tentative steps have been taken to 
ascertain if living tissue promotes the formation of y-glucose. The 
evidence obtained is encouraging, but further progress is hampered 
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by the inaccessibility of y-sugars and the lack of trustworthy 
methods of identifying them. When it is remembered that 
yglucose and y-fructose revert instantaneously to their respective 
stable forms in the presence of 0:1 per cent. of hydrochloric acid, 
it will be agreed that there is little prospect of detecting these 
fugitive isomerides by ordinary processes. Analytical methods 
we of no avail, and polarimetric evidence alone is insufficient and 
ten misleading. No doubt these difficulties will be surmounted 
in time, but only when the detailed chemistry of y-sugars has been 
advanced on systematic lines, and when knowledge exceeds 
impatience. 

Having in a sense created y-sugars for you, it may appear con- 
tradictory if I say that I have some doubts as to whether these 
ot be Mubstances are, after all, chemical individuals. They may only 
alline # represent a condition of the sugar molecule which originates in 
, has § the mechanism whereby a sugar forms certain of its derivatives. 
spect # To make the point clear by means of an example, we need not 

assume that in the formation of sucrose a molecule of normal 
_ best § glucose condenses with a molecule of y-fructose in such a manner 
ating § that each loses a hydroxyl group. 


t the 

a ee ee ee ee CH,0H 
rated Cox HOC 

h we CH-OH CH OH 
imen l CH-OH + CH OH 0 
- CH CH-OH 
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The J I suggest that y-fructose may have no real existence, and that the 
who J condensation may be equally well explained on the assumption 
neh, § that fructose functions as a ketone. In such a case, two hydroxyl 
ctra- § groups become involved, and although one of these must be the 
ition § reducing group of the aldose molecule, there is no reason, once the 
the J reaction is initiated, why the ketose itself should not furnish the 
sults § second group. 
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An amylene-oxide ring is thus formed in the ketose component, 


and here we see the production of a y-residue without the previou 


existence of a y-sugar. Similar considerations apply to the form. 
ation of y-glucose derivatives which may be formed in condensation 
reactions in which glucose reacts as an aldehyde. These sugges. 
tions are not without the support afforded by numerous analyses, 
and meanwhile the whole subject is a maze of possibilities, and 
enlightenment is still remote. 

For example, if the question is raised as to why sucrose is » 
remarkably unstable towards hydrolysts, the existence of an amylene. 
oxide ring in the fructose component provides no answer. Methyl. 
xyloside is likewise an amylene-oxide, yet the compound resists 
the effect of dilute acids, whilst 6-glucosan, which contains a hexyl. 
ene-oxide ring, is notably stable. Again, fructosemono- and di- 
acetones both undergo hydrolysis with a facility which resembles 
that displayed by sucrose, but nevertheless both of these com. 
pounds are based on the stable type of fructose in which a butylene. 
oxide ring is present. These apparently contradictory results 
reveal that the special instability of y-derivatives does not depend 
primarily on the presence of any particular internal ring in the 
sugar. 

On the other hand, when aldehydes or ketones condense with 
hydroxy-compounds (including sugars), the products resemble 
sucrose in their ease of hydrolysis. Numerous isopropylidene and 
benzylidene derivatives may be quoted in illustration and the 
reactions in which such compounds are formed have been shown 
to follow the course indicated below : 

i ‘ HO-R, - -_* PRs 

RB, HO-R, BR,“ OR, 
Applying this to the special case of carbohydrates, y-sugars may be 
regarded in a new light. -Fructose may, in fact, be nothing more 
than the ketonic form of the sugar, and y-glucose the corresponding 
aldehyde. It may well be that the aldoses and ketoses, functioning 
in their primary capacity as aldehyde and ketone, are the reactive 
sugars in nature, but this much seems clear. No naturally-occurring 
compound of glucose, whether glucoside, disaccharide, or poly- 
saccharide, has been found to contain the y-glucose structure and 
the reactive type of the sugar has hitherto been obtained only 
under artificial conditions. In sharp contrast, the two most 
important natural derivatives of fructose are each based on y-fructose, 
which may possibly prove to be the connecting link in natural 
processes whereby the interconversion of ketoses and aldoses is 
effected. 
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The structural studies which I have laid before you are admittedly 
incomplete and the various formulz now suggested represent only 
stages in knowledge and have no claim to finality. Much reliance 
has been placed on the validity of the methylation process as a 
means of determining constitution, but it has to be remembered 
that in the carbohydrates most speculation of the kind is now based 
on results obtained by this particular method. If I may add one 
personal note, it is that I have submitted these results, not as an 
individual contribution, but as the work of a loyal research school. 
The colleagues, collaborators, and students who have played their 
part in the laborious work involved, if unnamed now, are always 
gatefully remembered by me. But one name may be mentioned, 
for memory dwells specially on the one who carried the spirit of 
this Society to St. Andrews and who provided the facilities and 
the enthusiasm which it has been my good fortune to share. I 
refer to Thomas Purdie. 


ANNUAL GENERAL MEETING, 


THuRSDAY, Marcu 22np, 1923, aT 4 P.M. 


Str James WALKER, D.Sc., F.R.S., President, in the Chair. 

A statement was made by the Treasurer regarding the finances 
of the Society for the past year, and the adoption of the Report of 
Council, together with the Balance Sheet and Statement of Accounts 
for the year ending 3lst December, 1922, proposed by Col. C. T. 
Heycock and seconded by Prof. J. B. Cohen, was carried 
unanimously. 

Report oF CounciL, 1922-1923. 
TuHoucH the past year shows a considerable diminution in the 
number of new Fellows elected, 238 as compared with 349 in 1921, 
the Council is gratified to report that the Society continues to 
increase in membership. 

On December 3lst, 1921, the number of Fellows was 3,912. 
During 1922, 238 Fellows were elected and 11 reinstated, making 
a gross total of 4,161. The Council regrets that the number of 
Fellows who have resigned or allowed their membership to lapse 
owing to non-payment of annual subscriptions is unusually heavy 
in the year under review, no less than 63 resignations having been 
received and 88 Fellows removed, as against the corresponding 
figures of 49 and 54 in 1921. Thirty-seven Fellows have died, and 
election has been declared void in the case of 6 newly elected Fellows. 
The total number of Fellows as at 3lst December, 1922, therefore, 
was 3,967, showing an increase of 55 over that of the previous year. 

The sincere congratulations of the Society are offered to Mr. 
William Spiller, elected on January 15th, 1863, who has been a 
Fellow for more than sixty years, and to the following who have 
attained their jubilee as Fellows : 

Elected. 
Edmund Neville Nevill ie eee ses tee ... June Ist, 1871. 
Joseph Arderne Ormerod ... oes Sei eas --- May 16th, 1872. 
Archibald Liversidge ... — cae noe eee «» Nov. 7th, 1872. 
Joseph Lainson Wills vee ove eee eee --» Dec. 5th, 1872. 
Thomas Williams wee — soi — a «-» Dec. 5th, 1872. 
Sir George Thomas Beilby ... aan es aie --» Dec. 19th, 1872. 
George Brownen wie Feb. 20th, 1873. 


It was with the ened ee that the Connilt accepted, in 
October last, Dr. M. O. Forster’s resignation of the office of 
Treasurer. Since 1901, with but two years’ break, Dr. Forster 


Che 
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rendered the Society most willing and valuable service in the 
capacities successively of Member of Council, Secretary, Vice- 
President, and Treasurer. In accepting Dr. Forster’s resignation, 
the Council expressed its most cordial appreciation of his services 
and its good wishes for his success in the important work he had 
undertaken. 

Prof. J. F. Thorpe was selected by the Council to fill the 
Treasurership until the next Annual General Meeting, while the 


r. 
nancesq Yecancy thus created in the Vice-Presidents was filled by the 
port off *ppointment of Dr. J. T. Hewitt for the same period. 
counts] Lhe Council received with deep regret the news of the death of 
©. p§ Prof. Alexander Crum Brown, who held the office of President 
carried {om 1891—1893, and who had been a Fellow of the Society for 
more than fifty-six years. Sir James Walker has undertaken to 
prepare an obituary notice for the Transactions. 
in the The Society has to mourn the loss of two of its distinguished 
- 1991 Honorary Fellows, Prof. Ph. A. Guye, who died on March 27th, 
ne to 1922, and Prof. Georg Lunge, whose death took place on January 
érd, 1923. Six Honorary Fellows have been elected, so that the 
3.919. Present number is 28. 
raking The volume of Transactions for 1922 contains 2,919 pages, of 
hee af which 2,806 pages are occupied by 347 memoirs, the remaining 
lapee 113 pages being devoted to Obituary Notices, the War Memorial, 
heavy the Trust Deed of the Edward Frank Harrison Memorial Trust, 
» Been lectures on special subjects, the Report of the General Meeting, 
nding and the Presidential Address. The volume of the preceding year 
‘ee contained 243 memoirs, occupying 1,990 pages. The Journal for 
teem 1922 contains also 5,453 abstracts, occupying 2,116 pages, whilst 
tiie the abstracts for 1921 numbered 4,005, and occupied 1,636 pages. 
yee This very large increase in the number of abstracts over the pre- 
ceding year is not entirely due to the increased number of papers 
at chemistry published during the year; as stated in the last 
nn Report, owing to delay in transmission of foreign journals in 1921, 
‘J 2 considerable number of abstracts (probably between three and 
d. four hundred) which should have appeared in that year are pub- 
871. § lished in the present volume. 
os Thé abstracts may be classified as follows : 
la 
872. Part I. 
872. No. of 
1872. Pages. Abstracts. 
1873. § Organic Chemistry aa we i ies see — 1937 
d, ing, Physiological Chemistry . _ 623 
Chemistry of Vegetable Physiology and Agriculture — 417 


}228 7977 
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Part II. 


General and Physical Chemistry we ove _ 
Inorganic Chemistry ... - ove ose eee — 493 


Mineralogical Chemistry 73 
Analytical Chemistry 731 
888 2476 

Totals in PartsIandII ... sb on -. 2116 5453 


The number of reprints supplied free by the Society has been 
increased from 10 to 25, plus 10 extra for each author of a paper 
in excess of one. 

The Council desires to thank the Abstractors and the Con. 
tributors to the Annual Reports for their valuable services during 
the past year. 

It has been decided to publish in the Transactions, when 
ready, the International Table of Radioactive Elements and 
their Constants as well as the Table of Isotopes prepared 
under the auspices of the Union Internationale de la Chimie 
Pure et Appliquée. Further, in connexion with the Union, a 
Bureau for Physico-chemical Standards has been established at 
Brussels University; this Bureau will serve as a centre for the 
preparation and collection of substances of the highest purity, the 
physical constants of which have been determined with precision 
and which shall be at the disposal of research workers. 

The Memorial to Lieut.-Col. E. F. Harrison and other Fellows 
of the Society who fell during the War, has now been erected, and 
was unveiled on the 15th November last by the Rt. Hon. the Earl 
of Crawford and Balcarres, K.T. The artistic merit of the com- 
bined Memorial is admitted by all, and the Council desires to 
associate itself most cordially with the tribute paid by Lord Craw- 
ford to the work of the artist, Mr. Ernest G. Gillick. The alter- 
ations incidental to the erection of the Memorial have resulted in 
a very notable improvement on the landing outside the meeting 
room, and the appreciative thanks of the Council have been con- 
veyed to His Majesty’s Office of Works for the generous assistance 
afforded in this matter. 

The Harrison Memorial Committee has handed over the balance 
of their funds in trust to the Chemical Society for the foundation 
of a prize to be awarded every three years for outstanding original 
work by young chemists. The terms of the Trust Deed have been 
published as a part of the Transactions for 1922. 

As is well known, the Society of Chemical Industry has recently 
begun the publication of a weekly journal entitled “‘ Chemistry and 
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Industry.”” It appeared to the Council that such a journal might 
prove a valuable factor in consolidating the interests and strengthen- 
ing the influence of the various chemical and allied Societies in 
this country. On this ground and in its desire to support the 
project, the Council undertook to send copies of the first six issues 
to all those Fellows who are not Members of the Society of Chemical 
Industry, and to distribute the new journal throughout 1923 to 
those Fellows (not being Members of the Society of Chemical 
Industry) who expressed a desire to receive it. The copies required 
for this purpose (exceeding 500) are being supplied free by the 
Society of Chemical Industry, the charge of 10s. per Fellow being 
made to cover postal and other expenses. 

During the past year a scheme for co-operation with the American 
Chemical Society in the future conduct of the Journal of Physical 
Chemistry has been inaugurated. According to this scheme the 
Journal from January 1924 onwards will be issued under the joint 
auspices of the American Chemical Society, the Chemical Society, 
and the Faraday Society. The control will be in the hands of an 
Editorial Board, consisting of four American members and four 
British members (three appointed by the Chemical Society and 
one by the Faraday Society) together with an Editor-in-Chief, 
chosen by these eight members. The Chemical Society repre- 
sentatives on the Board are to be Prof. T. M. Lowry, Prof. J. W. 
McBain, and Prof. J. C. Philip. The Faraday Society is repre- 
sented by Prof. F. G. Donnan, whilst the American members are 
Dr. Arthur L. Day, Prof. G. A. Hulett, Dr. Irving Langmuir, and 
Dr. W. Lash Miller. These eight members of the Editorial Board 
have already appointed Dr. Wilder D. Bancroft as the first Editor- 
in-Chief. 

The warm thanks of the Council were accorded to Sir William 
A. Tilden for the gift of a letter from Sir Humphry Davy and a 
photograph of the late Lord Rayleigh; to Mr. G. H. Gabb for a 
copy of the Priestley Medal, and to the Maccabeans for a replica of 
the Meldola Medal. 

The Council arranged for four lectures to be given during the 
Session 1922—1923. The first was held on October 26th, when 
Sir William Bragg delivered his lecture on “ The Significance of 
Crystal Structure’’; Prof. C. H. Desch gave his lecture entitled 
“The Metallurgical Applications of Physical Chemistry”? on 
December 14th, whilst on February 22nd Principal J. C. Irvine 
delivered his lecture on “Some Constitutional Problems of Carbo- 
hydrate Chemistry.” The Baeyer Memorial Lecture, by Prof. 
W..H. Perkin, will be given on May 10th, and on June 14th Prof. 


C. Moureu will deliver (in French) a lecture entitled “ Les Gaz 
II 
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Rares des Sources Thermales, des Grisous et autres Gaz Naturels,” 
Such special lectures continue to meet with keen appreciation, and 
the Council desires to record its great indebtedness to those gentle. 
men who so generously place their services at the disposal of the 
Society. 

Facilities have again been granted to London County Council 
teachers to attend the Ordinary Scientific Meetings. This privilege 
does not apply to attendance at the Lectures. 

The Council has nominated Sir William J. Pope to represent 
the Society on the Council of Honour of the International Air 
Congress to be held in June, 1923. 

An address of congratulation to the University of Padua on the 
celebration of the 700th Anniversary of its foundation was pre- 
sented to the University by Mr. A. Chaston Chapman, who, together 
with Prof. G. Barger, represented the Society on the occasion. 

At the celebration of the 150th Anniversary of the foundation 
of the Académie Royale de Belgique, Sir William J. Pope repre- 
sented the Chemical Society. 

Prof. H. E. Armstrong and Mr. E. V. Evans were appointed to 
represent the Society on the deputation to the Minister of Health 
organised by the Coal Smoke Abatement Society to urge the 
Government to take immediate steps to deal with smoke abate- 
ment and to give legislative effect to the unanimous recommend- 
ations of Lord Newton’s Departmental Committee. 

During 1923 the Society will be represented on the Federal 
Council of Pure and Applied Chemistry by Prof. J. C. Philip, Sir 
William J. Pope, and Prof. J. F. Thorpe. 

An appeal from the Federal Council for financial support received 
the sympathetic consideration of the Council. The object in view 
is to provide a central building in which the chemical societies of 
the country can be adequately housed. Towards the current 
expenses of the Federal Council, the sum of £100 has been granted 
by the Council for 1923. Further, the Society agreed to pay the 
travelling expenses of two delegates from the Federal Council to 
the International Conference held at Lyons in June—July, 1922. 

After due consideration the Council decided to terminate, as 
from 3lst December, 1922, the Society’s membership of the Con- 
joint Board of Scientific Societies. 

At the request of the Association of British Chemical Manu- 
facturers, the Council nominated Dr. J. T. Hewitt and Prof. J. F. 
Thorpe as the Society’s representatives on the Provisional Com- 
mittee to organise the Chemistry Section of the British Empire 
Exhibition. 

A Committee has been formed at Rome to make arrangements 
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for the celebration of the 75th birthday of Prof. Emanuele Paterno. 
It is proposed to found a Paternd Medal to be awarded annually 
to the chemist, in Italy or elsewhere, who makes the most important 
discovery of the year. Subscriptions may be sent to the Treasurer 
of the Chemical Society, Prof. J. F. Thorpe. 

In view of the continued distress in Russia, the President issued 
in September last a further Appeal on behalf of Russian Men of 
Science and the gratifying sum of more than £210 has at present 
been received, besides many valuable parcels of clothing and books. 
Some £115 has been spent since September last on the purchase 
of clothing and food, and it is satisfactory to report that up to 
the present every parcel, whether of food, clothing, or books has 
reached its destination. 

In reply to the Committee of Intellectual Co-operation of the 
league of Nations, attention was drawn to the decision of the 
Council to send the Journal for 1922 to those Universities and 
Technical High Schools in Austria which made application. So far 
the University of Vienna is the only institution which has applied. 

In response to an appeal from the Institute of Physics for support 
of the guarantee fund for the proposed Journal of Scientific 
Instruments, the Council has agreed to contribute the sum of £50 
to the fund. 

The Council has also decided to subscribe £100 annually for 
three years towards the expenses incurred in the publication of 
the Annual Tables of Constants and Numerical Data. 

The attention of the Council has been drawn during the past 
year to advertisements in the chemical Press in which the names 
of Fellows appeared followed by the letters “ F.C.S.” The Council 
deprecates the use of these letters by Fellows in such connexion, 
since the letters do not denote a professional qualification. 

As announced in the last Report of Council, an arrangement 
isin force by which Fellows of the Chemical Society are afforded 
facilities for reading papers on pure chemistry before meetings of 
the Provincial Local Sections of the Society of Chemical Industry, 
and the Council is gratified to record that advantage has been taken 
of this arrangement at a number of centres. 

The attention of the Council having been directed to the decision 
of the Government to discontinue scientific inquiry into questions 
of indigo production in India, a memorial was presented to the 
Secretary of State for India strongly deprecating this step, which 
was viewed with the utmost concern by those interested in the 
industry in India and in the future of the textile trade of this 
country. The India Office informed the Council that the memorial 


had been brought to the notice of the Indian Government. 
II* 2 
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Following the reports of the Committee on the standardisation 
of scientific glassware, the Director of the National Physical 
Laboratory invited the Chemical Society to contribute to the 
expenses of further proposed work on these lines. The Council, 
however, declined to do this on. the ground that the financial 
responsibility for such investigations would most appropriately be 
undertaken by the Scientific and Industrial Research Department, 

The additional advantages afforded by the extension of the 
Library and the increased hours of opening continue to meet with 
appreciation. Excluding the evenings on which meetings of the 
Chemical Society were held, there were 5,719 attendances during 
the past year as compared with 5,434 in 1921. Of the 5,719, 4,229 
were made by our own Fellows, while 1,490 were made by members 
of contributing Societies, as against 1,195 in 1921. 

A comparison of the number of books borrowed from the Library 
during 1922 with that for 1921 gives the figure 4,145 as against 
3,585. Since 1919, the year in which the full scheme was first in 
operation, the proportion issued to persons other than Fellows of 
the Chemical Society has been 11-1 per cent. (1919), 15-7 per cent. 
(1920), 18-8 per cent. (1921), and 20-9 per cent. (1922); whilst as 
regards attendances the corresponding figures are 15-4 per cent., 
15-8 per cent., 22-0 per cent., and 26-1 per cent. 

The additions to the Library comprise 216 books, of which 93 
were presented, 690 volumes of periodicals (including a gift of 164 
volumes from the Society of Chemical Industry), and 39 pamphlets, 
as compared with 244 books, 441 volumes of periodicals, and 168 
pamphlets last year. 

The total amount expended on the Library in 1922 was approxim- 
ately £1,572 10s., towards which the sum of £421 10s. was received 
from contributing Societies. There is reason to think that the 
expenses of the Library will continue to increase and the Council 
earnestly hopes that the contributing Societies will give the scheme 
their generous support. 

The Library now contains 26,738 volumes, consisting of 8,029 
books and 18,709 bound volumes of periodicals. 

In response to a request from the Institute of Chemistry, 
registered Students of the Institute have been allowed during the 
year the use of the Library for reading, but not for borrowing, 
purposes. 

The accounts of the Society for the past year give an excess of 
expenditure over income of £136 10s. 1d., the total income being 
£140 4s. 8d. less than in 1921. On comparing the accounts of the 
two years it will be seen that the amount received for Life Com- 
position Fees in 1922 is £1137 10s. less than in 1921, and the interest 
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from deposit is £44 13s. 1d. as against £88 12s., whilst the net income 
from advertisements shows a diminution of £31 5s. ld. Against 
these, the Annual Subscriptions show an increase of £250 12s., 
and the sales of publications have realised 1958 19s. 3d. more than 
in 1921. Had the Life Composition Fees equalled those received 
in 1921, the total income would have shown an increase of 
{997 5s. 4d. On the recommendation of the Finance Committee, 
the Council has decided in future that the amount received as 
life Composition Fees shall be capitalised, only the interest 
accruing therefrom appearing in the Income and Expenditure 
Account. 

Apart from the War Memorial, which cost £451 10s. 2d., the total 
expenditure in 1922 exceeds that for 1921 by £25 18s. 7d. The 
principal items showing an increase are Abstractors’ Fees, 
£221 16s. 2d.; Distribution, £213 19s., and Authors’ Copies, 
£96 Os. 2d. The cost of printing the Journal, which occupies 
50385 pages and is 1264 pages longer than in 1921, has risen by 
£122 5s. Td. only, as against £1442 19s., the corresponding figure in 
last year’s accounts when the Journal showed an increase of 415 
pages over that for 1920. The previous highest number of pages 
in the Journal was 4977 in 1914. On the other hand, owing to a 
substantial reduction in the charges for paper and binding, the 
Annual Reports for 1921 cost £205 5s. 5d. less than the pre- 
ceding volume, and the List of Fellows shows a saving of £32 5s. 4d. 

In the last Report the hope was expressed that the cost of the 
Journal per page had reached its maximum, and it is gratifying to 
record a substantial reduction this year, the cost being £2 0s. 6d. 
per page as against £2 12s. 4d. in 1921. During the past twelve 
months, paper has fallen in price, whilst in the latter part of the 
year there have been two cuts in printing charges amounting to 
nearly 10 per cent.; there should thus be a still further diminution 
in the cost per page of the Journal in 1923, since these reductions 
will apply to the whole year. 

The value of the Society’s Securities now stands at £36,475 6s. 3d., 
showing an increase of £3468 17s. 7d. over that of the previous 
year. 

On the advice of the Bankers, the Council decided to sell the 
Metropolitan 34 per cent. stock, of which £6730 was held on 
General Account and £4400 on the Research Fund Account, and 
to devote the proceeds to the purchase of 3} per cent. Government 
Conversion Loan, 1961. The Metropolitan Stock was sold at 
92% ex dividend and the new stock purchased at 75,';. The Society 
now holds £8272 10s. 3d. Conversion Loan on General Account 
and £5408 1s. ld. on Research Fund Account. Allowance being 
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made for the fact that a full half-year’s interest becomes payable 
on Ist April, 1923, this will provide an increase of annual income of 
nearly one per cent. It has also been decided to sell the £4309 
National War Bonds, of which £4000 is on General Account and 
£300 on Research Fund Account, and to devote the proceeds to the 
purchase of 34 per cent. Government Conversion Loan. 

The Council has had under consideration the question of the 
Society acting as its own publishers, but after deliberation it was 
agreed to accept the offer of Messrs. Gurney & Jackson to continue 
to act as publishers on a total commission of all sales amounting 
to 10 per cent. 

Arrangements for the publication of Volume VI of the Collective 
Index (1913-1922) are well in hand, and it is hoped to publish the 
Authors’ Index in May or June, 1923, the Subject Index following 
in March 1924. The price of the Index was fixed at £2 17s. to 
Fellows applying by Christmas, 1922, and at £3 7s. to those making 
application thereafter. A considerable reduction has been made 
in the prices of Volumes I to V of the Collective Index, as 
stated on the slip attached to the Journal for January, 1923. 

The Society’s Fire Insurance has been increased and now covers 
the War Memorial. A policy has also been taken out insuring the 
books in the basement against damage caused by water. 

A Committee was appointed to consider whether it would be 
advisable to place in the hands of an agent the arrangements con- 
nected with the advertisements appearing in the Journal, and the 
Council adopted the report of the Committee advising that the 
matter should continue to be left in the hands of the Assistant 
Secretary. 

The Grants from the Research Fund amount to £836 7s. 6d. as 
against £629 in 1921, and exceed the annual assured income by 
some £240. The following Research Grants were made during the 
year, the Council making a recommendation to the grantees that 
the materials required for the research for which the grant was 
made should, as far as possible, be purchased in this country :— 


£ «8d. 
Hydrogen ion concentration for hydroxides, carbonates, and 


sulphates of some of the rarer elements. W. R.G. Atkins 10 0 0 


Condensation of ketones. A. J. Attwood . nee . ce Oo 
Action of bromine in the presence of pyridine on ocengouindss of 

the benzene and naphthalene series. E. de B. Barnett . 5 0 0 
Studies in the anthracene series (continued). E. de B. Barnett 10 0 0 
Study of certain fused reciprocal salt-pair systems. H. Bassett. - oe 
The study of some aliphatic and cyclic sulphides. G.M. Bennett 10 0 0 
Researches on reaction velocity. E. J. Bowen ... ses oo 10 0 0 


Experiments on gels and on the theory of solutions. 8S. O. 
Bradford ... eee eee eee ove ove see o WW 


oO 
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Experiments on the ikea ye of _—— and other metals. 
H. V. A. Briscoe 

Physico- -chemical senctatles: on some of no rarer seatale ont 
their salts. H. T. S. Britton 

The effect of electro-negative nana: on the oulieatn eeten. 
hedral angle. C. C. M. Broughton 

Action of fuming sulphuric acid and allied sengente on cntunnied 
aliphatic and alicyclic hydrocarbons and some derivatives 
(continued), G. N. Burkhardt . 

The mechanism of the inhibition of indole-production by indole- 
producing bacteria. B. H. E. Cadness 

Studies in ring formation (continued). W. A. P. ‘Challenor 

Interaction of sodium chloride and various oxides at elevated 
temperatures. F. H. Clews 

Aliphatic sulphonamides (continued). J. B. Ochen " 

The Friedel-Crafts’ reaction. Anomalies and snodifientions. 
M. Copisarow 

Kinetics of the reaction between sodium alkyl acetoncetio esters 
and alkyl iodides. J. J. Creasy tes 

(a) Synthesis of certain polynuclear nitrogenous ring systems | 


(o) Steric hindrance and substitution in the aromatic series. | 


W. Davies one 

Formation of gem- diniaditatel tetrahydropyrrole sings. F, 
Dickens oes 

Electrolytic peecipltation of certain heydeosels. J. J. Doslen ‘oa 

Resolution of dl-apomorphine. W. Doran 

Interaction of PhN,; and ee cyanoacetate and ‘related 
reactions. P. K. Dutt . 

Preparation of derivatives of; menousy dihenag! ond of enslogues 
compounds. P. Edgerton 

The alkylation and ring-chain tautomeriam of the ‘dihydto- 
resorcinyl esters. W. E. Ellis . see ie ea 

Electro-osmosis. F. Fairbrother 

Unsaturated cyclic ketones and their employment in ‘the pro- 
duction of associated ring systems. E. H. Farmer 

The sorption of gases by carbon. J. B. Firth an 

The effect of an accumulation of alkyl groups on the ease of forma- 
tion of the cyclopropane ring in glutaric acids. P. M. Fisk 

The temperature coefficient of the reaction velocity in the action 
between methyl iodide and various alkyl oxides of sodium. 
W. J. Gale on 

Absorption spectra of » some disulphides end decivetives.. D..S. 
Gibson... oe ove 

Organo-derivatives of thallium (continued). A. ‘E. Goddard owe 

Organo-derivatives of antimony. A. E. Goddard 

Synthesis of new associated alicyclic systems. F. R. Goss 

Absorption spectra of organic compounds. H. Graham 

Mobility of symmetrical triad systems. J. P. Griffiths . 

Chemistry of bridged ring compounds exhibiting intra- ennular 
tautomerism (continued). R. C. Grimwood aes 

Electrochemistry and thermochemistry of solutions of electzo- 

lytes in methyl] alcohol. H, B. Hartley... ove ove 
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Influence of molecular collisions on the chemical activation of 
molecules in thermal reactions. C. N. Hinshelwood aS 
The reactions of _—— acid and its ester. R. T. 


Holden oes os en soe 
Synthesis of norpinic eside. C. Hollins noe bak vee 
New syntheses of diketopyrrolines and of 4- oxasolones. C. 

Hollins 
A study of diphasic aystems ‘from ‘the point of v view of ‘surface 

tension. §.8. Joshi... see 
Influence of the nitro-group on the reactivity of wabstituents it in 

the benzene nucleus (continued). J. Kenner see 
Resolution of substituted diphenic acids into optically antinn 
components. J. Kenner oe oo ave ose 
Reactions of £- sate cagsasiel acid end its derivatives. J. 
Kenner 


Study of bridged- wieg eunpeusds (combined). E. W. Lanfear 
Researches on colloids (continued). J. W. McBain 

Condensation of w-alkyloxy-ketones. T. Malkin pad 
Reactions of a periodic or oscillatory character. J. E. Myers 
The formation and properties of dithio-ketones and dithio-ethers. 


K. G. Naik “ dé — aes eos 
Synthesis of polyacetic ‘acide of meuthene, L. C. Nickolls ooo 
Investigation of gallotannin (continued), M. Nierenstein ees 


Quantitative determinations of the velocity of splitting of 
heterocyclic compounds and the effect of size and substi- 


tuents on the velocity constants. J. H. Oliver... ve 
Action of liquid nitrogen tetroxide on water at low somperntunen. 
J. R. Park ann eee eee 


(a) Investigation of the ques evolved from. elder sooks.. 

(6) The relative affinity for bases of different acids at high 
temperatures and its bearing on refractory materials. W.H. ‘| 
Patterson ... ‘ eee eve oe 

Reactions occurring when mixtures of oxygen and ammonia are 
sparked and the decomposition of ammonia by sparking 


with electrolytic gas. A. J. Prince ... eee eee eee 
The electrical conductivity of aqueous solutions, especially the 
alkalis and mineral acids. H.R. Raikes... se eee 
Preparation of camphor derivatives containing enlarged rings. 
L. R. Ridgway ... eee 
Interaction between aldehydes ont ietenes and ‘aliphatic niteo- 
compounds. H. A. Scarborough eve eee eee eee 


Studies in ring structure. E. A. Seeley 

The value of the ratio C,/C, for gases, particularly ‘aieons oxide. 
W. G. Shilling... ° eee eee eee 

Attempt to prepare open- chaiits anastusnted compounte which 
will be tautomeric with their ring isomerides. B. Singh .. 

Influence of steric factors on the relative orienting powers of 
alkyloxy-groups, J. C. Smith vee eee 

The formation of tetrahydronaphthalene decisions fou 
y-phenylbutyric acids. A. Stevenson eee ad 

Researches on the surface tension of organic substances. 8. 
Sugden... one nee eee eee wee eee eee 
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£8. d 
The variation in the degree of hydrolysis with dilution of certain 
oxime hydrochlorides. L. B. Tansley ove 10 0 0 
Kinetics of successive reactions, with special ielieties to oath 
ation and reduction reactions. R. W. M. Thomson .-- 20 0 0 
Preparation of methylphthalic acids. H. Toms eee a, ee ee 
Organic compounds of arsenic. E. E. Turner 15 0 0 
Formation of four-membered ring compounds by the “additive 
union of two substances each Pe a double linkage. 
S. D. Weaver 10 0 0 
The quantitative reduction “by hydriodio acid of halogenated 
1: 3-diketones and allied substances. R. W. West — - 2 
Synthesis of diethylthiocarbocyanine iodide. J. B. Whitworth 12 0 0 
Absorption of oxides of nitrogen by lime. F. A. Williams nee 8 0 0 
Total ... ... £836 7 6 


THE TREASURER then proposed a vote of thanks to the Auditors 
for their services in auditing the Accounts of the Society for the 
past year. This was seconded by Dr. N. V. StpGwick and acknow- 
ledged by Pror. T. S. Moore. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
and Council for their services during the past year, proposed by 
Mr. A. CHASTON CHAPMAN, and seconded by Dr. J. A. VOELCKER, was 
carried with acclamation, acknowledgment being made by Pror. 
H. E. ARMSTRONG, who had served on the Council continuously 
for a period of fifty years. 

THE PRESIDENT declared that the following Fellows, who had been 
nominated to fill the vacant places on the Council, had been duly 
elected : 

President.—William Palmer Wynne, D.Sc., F.R.S. 

Vice-Presidents who have filled the office of President.—Sir William 
Jackson Pope, K.B.E., M.A., D.Sc., F.R.S.; Sir James Walker, 
D.Se., LL.D., F.R.S. 

Vice-Presidents who have not filled the office of President—John 
Theodore Hewitt, M.A., D.Sc., Ph.D., F.R.S.; Gilbert Thomas 
Morgan, O.B.E., D.Sc., F.R.S.; John Millar Thomson, LL.D., 
F.R.S. 

Treasurer.—Jocelyn Field Thorpe, C.B.E., D.Sc., F.R.S. 

Ordinary Members of Council—Edward Frankland Armstrong, 
D.Se., Ph.D., F.R.S.; Walter Norman Haworth, D.Sc., Ph.D.; 
Christopher Kelk Ingold, D.Sc. ; Hamilton McCombie, D.S.0., M.C., 
M.A., D.Se.; Gordon Wickham Monier-Williams, O.B.E., M.C., 
M.A., Ph.D.; Joseph Reilly, M.A., D.Sc. 

Dr. R. C. Farmer, Prof. T. 8. Moore, and Prof. J. F. Spencer 
were unanimously elected Auditors to audit the Accounts of the 
Society for the year 1923. 
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THE PRESIDENT then delivered his address entitled “ Symbols 
and Formule.” 

A vote of thanks to the President for his eminent services in the 
Chair during the past two years, and for his address, coupled 
with the request that he would allow his address to be printed in 
the Transactions, was proposed by Pror. J. Norman Cott, 
seconded by Pror. H. B. Baker, and carried with acclamation, 
acknowledgment being made by the PRESIDENT. 
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PRESIDENTIAL ADDRESS. 
Delivered at the ANNUAL GENERAL MeeEtINnG, March 22nd, 1923. 
By Sm James Waker, D.Sc., LL.D., F.R.S. 


Symbols and Formule. 


SyMBOLS are both an aid and an obstacle to thought. Their 
brevity and simplicity may help us, working according to a fixed 
system, to perform mental operations which without their aid 
might be practically impossible. Their generality too may, as 
in algebra, enable us to solve thousands of problems in one. On 
the other hand, we sometimes find in science a system of symbols 
which, at first of great value, may in virtue of its very success so 
warp our thought or limit our mental outlook as to constitute a 
real hindrance to scientific progress. And there is always the 
danger, arising from our familiar and constant use of the symbol, 
either of forgetting what it properly symbolises, or of confusing 
the symbol with the thing symbolised. 

The function of the symbol is a practical one; in Mach’s phrase, 
itis to effect economy of thought, and it is precisely because mankind 
at large is so economical of thought that the dangers of symbolism 
originate. The danger, however, must be faced by the student 
of chemical science, for without symbols systematic advance is 
impossible: the symbols are based on a theory and permit the 
representation of that theory in detail. 

If we examine the practical requirement of a satisfactory system 
of symbols we shall find that the system must be simple in itself 
and simple to operate. Consider the Roman schoolboy confronted 
with the problem of multiplying MCMXXIII by CXLIV. The 
system of notation is not too complicated, but to operate with it 
is practically impossible. To perform his task he must abandon 
the symbolism and have recourse to concrete objects—the fingers 
or an abacus. The Arabic notation, on the other hand, with its 
consistent valuation by position and the introduction of a symbol 
for zero, enables us, once we have passed the barriers of the addition 
and multiplication tables, to perform arithmetical calculations of 
all kinds with ease and speed. It is simple in itself and simple to 
operate. 

The same requirements are essential to a system of chemical 
symbols. The first symbols, those for the metals known to the 
ancients, indicated nothing but their supposed association with 
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the planets and the gods ruling them. Thus the solar disk stood 
for gold, the lunar crescent for silver, the mirror of Venus for the 
Cyprian metal copper, andsoon. Towards the end of the eighteenth 
century we see the beginnings of our present system of elementary 
symbols. Hassenfratz and Adet (1787) used for the non-metals 
straight and curved lines which could be combined together (much 
as in phonetic shorthand) to represent the qualitative composition 
of compounds. The symbol for a metal was a circle and to dis. 
tinguish one metal from another the initial of its Latin name was 


written within the circle—thus (s>) was the symbol for antimony, 


Dalton used for metals and non-metals alike only circular symbols, 
doubtless to represent spherical atoms, and in his hands the symbols 
assumed a quantitative significance based upon his atomic theory. 
For the simple non-metals these symbols were arbitrarily chosen, 
© representing an atom of oxygen, © an atom of hydrogen, ()) 
an atom of nitrogen and soon. For the metals he adopted the same 
device as Hassenfratz and Adet, using, however, the English instead 
of the Latin names, so that for example © represented an atom 
of lead. Compounds could be represented by the juxtaposition of 
the elementary symbols, which now gave, not only the qualitative, 
but also the quantitative composition of the compound. Thus, 
for Dalton, water was represented by the symbol OQ, denoting 
the combination of 7 parts of oxygen with 1 of hydrogen. Berzelius 
(1815) took the final step by using Latin initials for all the elements, 
dropping the circles which had surrounded them, and employing 
affixed numerals to indicate the number of times the symbol had 
to be repeated. It is true that Berzelius spoiled the uniformity of 
his system by using a special dot symbol for oxygen and writing such 
formule as 8 for sulphur trioxide. These dotted symbols, however, 
found little favour except amongst mineralogists, and gradually 
passed out of use. The disuse of the circles is not without signi- 
ficance—the symbol to Berzelius represented a combining weight 
rather than a concrete atom, and the dual quantitative use persists 
in the interpretation of symbols to-day. The symbol C stands 
for one atom of carbon or “ twelve parts by weight ” of carbon. 
So we may say that more than a hundred years ago a system of 
formulation had been reached which, with minor alterations, is 
in use at the present time for the representation of elements and the 
composition of compounds, and is never likely to be superseded. 
It is uniform, plain, and simple in itself, and simple to use in the 
equations representing chemical change. 

The purely compositional formule, however, fall far short of 
expressing what calls for expression in various classes of chemical 
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empounds : action and structure have to be considered as well as 
emposition. The dualistic formule of Berzelius illustrate early 
attempts in this direction. The formula of sodium sulphate is 
not written empirically as Na,SO,, but dualistically as Na,O,SQx. 
This formula indicates inter alia that the sodium and the sulphur 
belong to two essentially different parts of the compound. The 
modern electro-chemical dualism writes Na’,SO,’’, again indicating 
the same division of a positive from a negative portion. In organic 
chemistry the representation of structure by means of formulz 
achieved success by the clear recognition of valency, in particular, 
the quadrivalence of the carbon atom. At this point of develop- 
nent the notion of the atom as structural unit becomes indispensable. 

The valency of an element on its experimental side is in essence 
anumerical conception. We divide a weight by a weight, namely, 
the atomic weight by the equivalent weight, and obtain in con- 
sequence a mere number. When we pass from element to atom, 
however, the conception undergoes a transformation, and receives 
a concrete meaning. The valency of an atom may be interpreted 
as its capacity for combining with other atoms, again a numerical 
conception, but one leading directly to a symbolism and indirectly 
to a mechanical interpretation. Each atom is conceived as having 
a definite number of places for the attachment of other atoms, 
and as the number is in each case small, we can conveniently 
represent it in a graphic symbol. 

It is not without interest to look back to the origin of graphic 
or constitutional formule and see the beginnings of our conventional 
system. Couper and Kekulé, the originators of the idea, suggested 
systems widely differing from each other. Couper (1858) symbolised 
acetic acid as follows, 


in appearance a near approach to present day usage if we allow for 
the fact that he assumes O = 8 and C=12. The manner of 
linking of various atoms is indicated, but their valency is not clearly 
symbolised. Kekulé’s graphic formula (1859) for the same substance 
is shown in the figure. 


Acetic Acid. 


(Kekulé.) (Loschmidt. 
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The valency is satisfactorily represented, but the linkage of the 
atoms is confused. Only atoms touching in a-vertical line are 
supposed to be directly linked. The system is cumbrous, and 
Kekulé himself used it but sparingly. For branched chains it 
becomes impracticable. 

Loschmidt (1861) devised a clear logical system which, although 
he formulated by its means hundreds of compounds, some of a 
very complex nature, found no favour amongst chemists. His 
symbol for acetic acid is given in the figure. Here linkage and 
valency are adequately represented but the atomic symbols are 
arbitrary, and the system, like Kekulé’s, is cumbrous to use. 

Simultaneously with Loschmidt, Crum Brown (1861), although 
he was unaware of Couper’s work, used a symbolism resembling 
his, and practically identical with that in current use. He writes 
glycol as follows : 


Here valency and linkage are clear, and the atomic symbols are no 
longer arbitrary. Wurtz in 1864 gave the following formula (I) for 
the same substance : 


H 
6 


(I.) €H, 


The line of development of modern graphic formule then is through 
Couper, Crum Brown, and Wurtz, and not through Kekulé or 
Loschmidt. The reason for the preference shown by chemists is 
that the symbolism adopted is more obvious, simpler to use, simpler 
to reproduce, and easily adaptable to all organic compounds. 
There is a dual character in our graphic formule which it is 
important that we should realise. Let us begin with the graphic 


symbols of the elements, thus: H—, —O—, es where each 


short line represents a unit of valency. To the graphic symbols of 
molecules is but a step ; the atoms are represented as united together, 
the valencies indicating the manner of attachment (II). The direct- 
ness. or indirectness of union of the atoms is here given; no hydrogen 
atom is in this formula directly attached to another; they are only 


e no 
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indirectly united through carbon or oxygen. For brevity, we join 
up the lines representing the valencies of the various atoms and 
obtain the customary formula (III). A great change in significance 
has, however, at this stage taken place: the valencies have 
become ‘‘ bonds ”—the idea of force has entered. What that force 
is remains indeterminate; it is merely something binding atoms 
together, and the interpretation of the symbols is not quantitative 
in this respect. The “bonds” do not represent equal forces; it 
is patent that the bond between hydrogen and carbon in the formula 
for methyl alcohol represents a different force from that between 
hydrogen and oxygen. The current symbolism may then be inter- 
preted in two senses; the lines joining the atomic symbols may be 
taken to represent on the one hand merely the union of the atoms 
to the symbols of which they are attached, or they may represent 
forces existing between these atoms. Confusion of these two 
senses sometimes leads to erroneous reasoning. 

This dual character of graphic formule is noticeable from their 
earliest employment, and I need make no apology in illustrating 
it from the work of Crum Brown, whose recent death deprived our 
Society of its senior Past-President. In the formula for glycol 
quoted above he states (1861) that the dotted lines therein employed 
represent polar forces. In 1864 he represents ethane thus (IV), 


® @ 
! | 
(IV.) @--©@--@--@ | (V.) 
pF e—o-—-o—® 
® © 


each valence being written independently. He says: “I may 
here shortly explain the graphic notation which I employ to express 
constitutional formule. . . . An atom is represented by its usual 
symbol surrounded by a circle with as many lines proceeding from 
it as the atom contains equivalents. ... When equivalents 
mutually saturate one another the two lines representing the 
equivalents are made continuations of one another.” Here he has 
discarded the idea of polar force in his original formulation in favour 
of the simpler conception of number of equivalents. In 1866 he 
writes continuous lines between the symbols, and in 1868 puts 
the matter thus, ‘‘ The structural formula of formic acid [V] indicates 
first, that the four carbon equivalents form one atom, the four oxygen 
equivalents two atoms, and the two hydrogen equivalents two 
atoms; secondly, that these equivalents are united in pairs, thus— 
co, co, co, ch, ho, but it does not in any way indicate (and we do not 
know) what is the potential of each of these pairs—that is, how 
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much energy would be required to separate the equivalents from 
each other. We know that this potential depends upon the structure, 
and we can to a certain extent trace the nature of this dependence, 
but as yet we cannot express the potential numerically, and till 
we can do that we do not fully know the constitution.” 

On the one hand, then, our ‘“‘ bonds” stand for mere units of 
valency, on the other they are an imperfect representation of 
forces. Were the representation of forces more complete, methyl 
alcohol would appear somewhat as shown in the figure, the small 
letters representing numerical values. Even this formula, however, 
only gives the magnitude and not the real direction of the forces, 
and is besides static, not kinetic. We naturally shrink from 
complexity such as this: imagine the formula of sucrose on a 
similar basis. We must content ourselyes with something simpler, 


i x 
ie H 
Meth yl Aleohol. 


and yet the simple valency formula has for long been felt to be 
inadequate. Apart from the idea of definitely directed valencies 
which leads to stereochemical formule, the idea of representing 
partial valencies has been constantly in the foreground. We 
cannot properly split valencies in the old sense, but we can sub- 
divide forces ad libitum. If the subdivision is carried too far, 
however, the formule may approach in complexity formule with 
quantitatively measured forces, such as that indicated in the figure. 

What the chemist requires in his system of formulation is some- 
thing, not which he can measure, but which he can count—counters, 
in short. Such numerical counters he possesses in valencies, in 
co-ordination numbers. He may be forced to consider the adoption 
of counters of different kinds, for the purpose of representing 
essentially different distributions of force; but these counters, 
if they are to be of general practical value, must neither be too 
numerous nor of too great variety. Partial valencies, augmented 
valencies, diminished valencies, virtual valencies,represented by 
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lines of various sorts, thick, thin, curved, dotted, etc., all tend to 
complicate formulz, which lose in obviousness what they gain in 
definition. The humiliating fact must be admitted that the average 
man does not succeed in counting quickly and accurately by 
inspection any larger number of ‘“‘ bonds’”’ than he has fingers on 
one hand, unless they are appropriately grouped—witness the wrong 
valencies found, not merely in examination scripts, but even on 
the printed page. We ought then to set strict limits to the splitting 
of “bonds” and the issue of fractional valency counters. 
Fortunately, the physicist has provided us with a new counter, 
the electron, which has the great merit of being a physical reality, 
and, moreover, of being an undecomposable magnitude, so that 
there is no temptation and no possibility of dividing it further. 
This counter enables us practically to halve ordinary valencies, 
and so offers many advantages. In the original form given by 
J. J. Thomson, lines in the formule are made to represent tubes of 
force passing from an electron of one atom to the positive core of 
another, and since in electrically neutral atoms, for each tube of 
force which passes out of an atom a return tube must come in, 
directly or indirectly, one valency line on the old scheme is repre- 
sented by two tubes of force on the new. The new formulation 
enables us to write, for example, symmetrical formule for benzene 
and for the carboxyl group, if we so desire, thus : 


H 

u 
rr ce = > 
NY, 0 

i 
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Or, again, we may represent the valency electrons directly in 
our formule, each atom being equipped with its doublet, sextet, 
or octet. Such formule, or modifications of them, are coming 
extensively into use when multiple bonds are in question, and 
there is no doubt that with the electron or electronic tube of force 
as counter we obtain a more adaptable and more flexible formulation 
of organic compounds than that afforded by the older valency 
formule, although only with some sacrifice of their simple character. 

It will be gathered from what I have said that my plea is for the 
utmost obviousness of our symbols and formule. Their content 
and connotation may be as rich as we please ; the symbols themselves 
should be of elementary simplicity. But, it may be asked, why 
should we seek to limit the investigator striving for chemical self- 
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expression to four whole valencies for carbon if he wants a dozen 
partial valencies to facilitate his own thought or to convey his 
exact meaning? And why should he hesitate to adorn his formule 
with arrows or positive and negative signs of polarity if he feels 
the necessity ? The answer to such questions must be of a practical 
nature. The investigator for his own use may employ a symbolism 
as elaborate and as complex as he chooses, but if he wishes to secure 
the understanding and sympathy of others he must curb any 
spirit of exuberance. A system of chemical formulation to have 
general currency must not be too elaborate. Otherwise, although 
it effects economy of thought to the expert who devises it, it may 
demand such a mental strain of the general chemical reader as to 
defeat a main purpose for which it was planned, namely, the 
communication of knowledge. I would quote, both with regard to 
chemical symbolism and to chemical nomenclature, the words used 
by a character of Henry James concerning literature, “‘ The observer 
is nothing without his categories, his types and varieties. . . . That's 
for his own convenience; he has privately a terminology to meet 
it. . . . But from the moment it’s for the convenience of others, 
the signs have to be grosser, the shades begin to go. . . . Literature, 
you see, is for the convenience of others. It requires the most 
abject concessions.” Scientific literature is, above all, for the 
enlightenment and convenience of others, and scientific specialists 
must be prepared to make concessions to their weaker or less expert 
brethren. But whether the symbols we use are simple or compli- 
cated, we should always be clear as to their true significance, and 
be on our guard against their distracting our thoughts from the 
realities which they partly reveal and partly obscure. 
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FREDERICK JAMES LLOYD. 
Born 1852; Drep Frsruary 8TH, 1923. 


F. J. Luoyp was one of the group of younger men who, coming 
under the influence of the late Augustus Voelcker, then chemist to 
the Royal Agricultural Society of England, learnt from him the 
methods of agricultural analytical practice, and, in particular, the 
application of the principles of agricultural chemistry to the every- 
day needs of the farmer. This group, comprising Alfred Sibson, 
John Ruffle, John Hughes—all now deceased—and:H. H. B. 
Shepherd, Alfred Smetham, Bernard Dyer, and J. A. and E.-W. 
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Voelcker, still with us, qualified in this way either to start in ana- 
lytical practice on their own account, or to become advisers to one 
or other of the agricultural societies and organisations which thea 
began to spread through the country. Lloyd was one of these, 
and his after-work was associated mainly with two such Societies, 
the Bath and West of England Agricultural Society and the British 
Dairy Farmers’ Association. 

Born in 1852, Lloyd was educated at Bristol Grammar School, 
and, coming to London in 1870, he, through the introduction of his 
cousin, Mr. H. M. Jenkins, then Secretary of the Royal Agricultural 
Society of England, obtained a post in the late Dr. Voelcker’s 
private laboratory. Leaving this after four years, he went as 
assistant to the late Sir Thomas Stevenson at Guy’s Hospital, anc, 
on the Royal Agricultural Society opening their own laboratory at 
Hanover Square in 1881, Dr. Voelcker again took him as senior 
assistant there. Here he remained until autumn, 1883, when he 
started an analytical practice on his own account in the City of 
London. 

From that time Lloyd’s work was concerned mainly with the 
dairying interest, and, becoming chemist to the British Dairy 
Farmers’ Association in 1885, he continued his active interest on 
behalf of that body until his death. He was, in this way, respon- 
sible for the extensive series of analyses required in connexion with 
the Dairy Shows annually held at the Agricultural Hall, a work of 
no small moment or concern. But Lloyd’s work was much more 
than mere routine. He took particular interest in questions of 
animal nutrition, and contributed to the Journal of the British 
Dairy Farmers’ Association a number of papers bearing on this 
subject. Further, in his association with the Bath and West of 
England Agricultural Society, of whose Journal he was for a 
number of years co-editor, he carried out extensive investigations 
both on cheese-making, in relation chiefly to the chemical points 
involved, and on the manufacture of cider. His work on this 
latter subject, begun at Glastonbury in the year 1893, did a great 
deal to put the cider industry on a more scientific basis, and it was 
indeed the starting point of the research work subsequently so 
greatly developed at the Agricultural and Horticultural Research 
Station, Long Ashton, Bristol, by Mr. B. T. P. Barker. 

Lloyd held several appointments as agricultural analyst under 
the Fertilisers and Feeding Stufis Act, and was a prominent member 
of the Central Chamber of Agriculture, interesting himself in all 
matters of a chemical nature affecting the farming industry. 

He was quite a good chemist, an accurate analyst, and a hard 
worker. He possessed a sound knowledge of agricultural chemistry, 
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and for some years acted as abstractor for the Chemical Society, 
He published in 1884 ‘ Science of Agriculture ’” (Longmans), the 
outcome of lectures which he had given in his capacity of lecturer 
on Agriculture at King’s College, London. Of his scientific work, 
however, it must be said that it never obtained for him the recog. 
nition which it deserved, and others built up largely on the 
foundations which he had laid. 

Peculiarities of temperament and a cerfain aggressiveness stood 
much in his way and made his life a chequered and hard one, for 
he never succeeded in establishing a really good analytical practice, 
and his later years were attended by much anxiety. At the same 
time, he was a man who ever held the highest ideals as to the dignity 
of the chemical profession, and, whether in the Institute of Chemistry 
(of which he was a Fellow), or at the Farmers’ Club (at which he 
was often a capable contributor to the discussions), he never failed 
to uphold these views and to impress that the profession of chemistry 
should occupy a more important position, and be more extensively 
made use of in the pursuit of agricultural and other industries. 

Lloyd died, after a very brief illness, on February 8th at the 
age of seventy. 

J. A. VOELCKER. 


GEORG LUNGE. 
Born SEPTEMBER 15rH, 1839; Diep January 3rp, 1923. 


By the death of Professor Lunge, on January 3rd of this year, the 
Society has lost one who for upwards of fourteen years had been 
an Honorary Fellow. 

Georg Lunge was a native of Breslau, and was born on September 
15th, 1839, consequently he was in his eighty-fourth year at the 
time of his death. His higher education was received at the 
University of his native town. After graduating as Doctor of 
Philosophy, Lunge migrated in 1859 to the University of Heidelberg, 
where, at that time, Bunsen and Kirchoff were actively engaged 
in those researches which laid the foundations of spectrum analysis, 
and where, but a short time previously, laboratory facilities had 
been improved by the introduction of the now so familiar appliance 
the Bunsen burner. 

By 1862, Lunge had determined to embrace an industrial career, 
and started a small factory for the manufacture of artificial manures; 
this enterprise proving unsatisfactory, he, in 1864, came to England 
and remained in this country for some twelve years. For a part 
of this period he was engaged as chemist in the tar distillery of 
Messrs. Major & Co., at Wolverhampton. Later, with the intention 


of ent 
Tyne, 

full op 
to hav 
appoin 
Compa 
remain 


in Tesp 
in the 
Emil | 
In 1 
genius 
his pl 
lunge 
create 
desire 
were a 
nised 
for th 
struck 
with | 
at WO 
mater 
analy: 
The 
catalo 
Alarg 
of pro 
It is i 
Tar a 
cerne 
obtaiz 
forme 
passer 
to, a 
analy 
pensa 
Techi 


OBITUARY NOTICES. 949 


of entering the British heavy chemical industry, he went to the 
Tyne, where, at that time, some twenty-six alkali works were in 
full operation. His first attempts in this direction do not appear 
to have been very encouraging, but ultimately he secured the 
appointment of chemist and works manager to the Tyne Alkali 
Company, a small works at South Shields. In this capacity he 
remained on Tyneside until 1876, when he relinquished the post 
in response to the call to the Professorship of Chemical Technology 
in the Polytechnikum of Zurich, rendered vacant by the death of 
Emil Kopp. 

In this position Lunge found a sphere more congenial to his 
gnius, and one in which his profound and extensive knowledge, 
his practical experience, and tireless energy found full scope. 
lunge’s success as a teacher, his investigations and writings, 
created such a reputation that students from far and near, who 
desired to equip themselves for a career in industrial chemistry, 
were attracted to Zurich to study under a teacher who was a recog- 
nised authority. In 1907, Lunge resigned the post he had filled 
for thirty-one years. Two years after his retirement a medal was 
struck to celebrate the seventieth anniversary of his birthday, 
with his portrait on the obverse, and the reverse representing him 
at work with his nitrometer and volumeter, devices which have 
materially extended the use of gasometric methods in quantitative 
analysis. . 

The titles of his numerous papers contained in the Royal Society’s 
catalogue show Lunge to have been an exceptionally active worker. 
Alarge proportion of these publications deal with technical methods 
of procedure, and constitute a special service to analytical chemistry. 
It is interesting to note that his two chief treatises, namely, “‘ Coal 
Tar and Ammonia” and “Sulphuric Acid and Alkali,” are con- 
cerned with those branches of chemical industry of which he had 
obtained practical experience whilst resident in this country. The 
former was published in 1867, and the latter in 1878; both have 
passed through several editions, have been very materially added 
to, and these together with the work on technical chemical 
analysis are universally recognised as reference books indis- 
pensable to the technical chemist. His smaller works, “ the 
Technical Chemist’s Handbook” and ‘“ Technical Gas Analysis,” 
may also be regarded as valuable contributions to the advancement 
of industrial chemistry, inasmuch as they contain descriptions of 
trustworthy and exact methods for the analysis of products and 
the control of processes of manufacture. 

During his residence on Tyneside, Lunge did much to promote 
an interest in the scientific aspect of the chemical industries of the 
VOL. CXXIII. KK 
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district, and was one of the active workers in the Newcastle Chemica} 
Society, which was founded in 1868, with Mr. Isaac Lowthian Bel] 
(afterwards Sir Lowthian Bell, Bart.) as its first President. Of 
this Society Lunge was elected President in 1872. When this 
Society, in 1883, became the Newcastle Section of the Society of 
Chemical Industry, Lunge, an original member of the last-named 
Society, was enrolled as a member of the Newcastle Section, with 
which he maintained a close association until the time of his death. 
His interest in its welfare was shown by using its Proceedings as a 
medium for the publication of many of his valuable contributions, 
as also in his ready willingness to subscribe, as occasion arose, to 
special funds raised by the members of the Section. 

In 1889, Lunge, on the invitation of the Liverpool Section, de- 
livered the first of the lectures, inaugurated to commemorate the 
valuable services of Dr. Hurter to chemical industry; ‘“ Impending 
Changes in the Development of Industry and particularly of the 
Alkali Industry ” formed the subject of the lecture on this occasion. 

Amongst the distinctions conferred on Lunge in recognition of 
his great services, the Honorary Degree of Dr.Ing. of the Technische- 
Hochschule, Karlsruhe, should be mentioned. Surely a most fitting 
exercise of the new powers and privileges granted to the authorities 
of such Institutions. oe 


ALEXANDER SMITH. 
Born SEPTEMBER 11TH, 1865; Drep SEPTEMBER 8TH, 1922. 


ALEXANDER SMITH was born on 11th September, 1865, in Edin- 
burgh, where his father was a well-known musician. He was 
educated at the Collegiate School, and in 1882 he entered the 
University of Edinburgh as a science student. He studied chemis- 
try under Crum Brown, mathematics under Chrystal, and natural 
philosophy under Tait. Although chemistry was his main subject, 
he spent some time at research in physics under Tait’s direction. 
In 1886, he graduated as B.Sc., and during the three following years 
pursued the study of chemistry in the University of Munich, where 
he worked in Baeyer’s laboratory, chiefly under the direction of 
Claisen. After graduating as Doctor of Philosophy in 1889, he 
returned to Edinburgh and was appointed assistant in the chemistry 
department of the University. This appointment he held for one 
year only, for during a trip to the United States in the summer 
vacation of 1890 he was offered and accepted the Chair of Chemistry 
and Mineralogy in Wabash College, Crawfordsville, Indiana. During 
his short tenure of the Chair the number of undergraduates studying 
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chemistry more than doubled. In 1894, he joined the staff of the 
newly-founded University of Chicago with the rank of Assistant 
Professor, soon raised to that of Associate Professor. In 1903, he 
was appointed to an independent Chair and was made Director of 
General and Physical Chemistry. He remained in Chicago until 
1911, when he received the appointment of head of the Department 
of Chemistry in Columbia University, New York, a position which 
he retained until his retirement through illness in 1921. 

As a teacher and organiser of instruction in chemistry Alexander 
Smith stands pre-eminent. The qualities which later gained him 
so high a reputation were observable in his teaching in Edinburgh 
when he was a young man of four-and-twenty. A course of lectures 
which he delivered then on organic synthesis stimulated the interest 
of his hearers in an extraordinary degree. He had an easy, fluent 
style of delivery, knew intuitively how to keep the attention of the 
audience he was addressing, and had the invaluable gift of selecting 
and impressing the essential points of his subject. In America he 
devoted much thought to the manner of presentation of chemistry 
to students of various types and of different ages, ranging from 
secondary scholars to post-graduate workers, and, fortunately for 
his fellow-teachers, he embodied his principles in an admirable 
series of text-books. As chairman of a sub-committee of the 
National Education Association of the United States, he prepared 
in 1899 an outline course in chemistry for secondary schools, which 
is now the basis of the chemistry work of the secondary schools 
throughout America. His “Laboratory Outline of General 
Chemistry,” issued in the same year, was the precursor of the 
corresponding theoretical work, the “Introduction to General 
Inorganic Chemistry,”’ which, appearing in 1906, met with immediate 
acceptance in the English-speaking world, and has since been 
translated into the language of almost every country where scientific 
study is pursued. His other educational works of later date were 
characterised by the same originality of thought and orderliness of 
method. It is a testimony to the esteem in which his text-books 
were held that one of them was translated into German by Professor 
Haber. He may without exaggeration be said to have revolutionised 
the teaching of chemistry in America. 

Smith at the outset of his career was an organic chemist, and the 
ten papers which he published between 1889 and 1902 are exclu- 
sively concerned with organic topics, chiefly the chemistry of 
diketones, the benzoin synthesis, and, generally, the action of 
potassium cyanide as a condensing agent. As a result of his teaching 
work in Chicago, and his critical review of the matter and mode of 
presentation of elementary inorganic chemistry, he gradually 
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became engrossed in this fresh field, and his research after 1902 js 
exclusively inorganic and physico-chemical. A series of papers 
on amorphous sulphur is of outstanding merit. At the time his 
investigations were begun, the. published observations on the 
behaviour of melted sulphur were full of apparent inconsistencies 
and could not be formulated in harmony with physico-chemical 
theory. He investigated the relationship between the freezing 
point of the melt and the proportion of amorphous sulphur con. 
tained in it, and showed that Raoult’s law was rigorously obeyed, 
thus establishing the existence of liquid amorphous sulphur dis. 
solved in but distinct from the liquid “soluble” sulphur. He 
investigated the problem why melted sulphur kept at a constant 
temperature should give on chilling varying proportions of 
amorphous sulphur. The variation he proved to be due to cata- 
lysts which accelerated or retarded the change from amorphous 
to soluble sulphur. As one of these catalysts was sulphur dioxide, 
always present in varying proportions in ordinary experiments, 
the inconsistencies in previous observations received a simple 
explanation. The true equilibrium proportions of amorphous 
sulphur at various temperatures were determined, and the con- 
clusion established that the two forms of sulphur in the liquid 
state behaved with respect to each other as dynamic isomerides. 
He then directed his attention to precipitated sulphur and showed 
that, when first set free, precipitated sulphur consists of minute 
drops of liquid amorphous sulphur. In alkaline, neutral or feebly 
acid solutions these change wholly to crystalline sulphur. In 
presence of strong acids the amount of amorphous sulphur in the 
final product is proportional to the concentration of the acid. 
Finally, he subjected the melting- and freezing-points of the various 
forms of sulphur to revision and determined the correct values, in 
harmony with the theory. 

In conjunction chiefly with A. W. C. Menzies, now Professor of 
Chemistry at Princeton, Smith published a long series of papers on 
vapour pressures, the experimental work being of a very high order 
of accuracy. A simple method—that of the “‘ submerged bulblet ” 
—was devised by means of which the vapour pressures of liquids 
and solids and the boiling points of liquids could be determined 
with the use of minute amounts of material. Then forms of 
apparatus were described for the exact measurements of vapour 
pressures, which were named the static and dynamic “ isoteni- 
scopes ”’ respectively, and tested by determination of the vapour 
pressures of water and benzene, the results agreeing with the best 
previous determinations. Since for the purpose of a research on 
calomel vapour an exact knowledge of the vapour pressures of 
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mercury up to high temperatures was required, a series of accurate 
determinations for the metal between 250° and 435° were made 
and values obtained which entirely supersede the inconsistent. 
observations of previous investigators. The vapour pressures of 
mercurous chloride, mercury, and mixtures of the two, were 
measured and by the application to the data of the ordinary law 
of chemical equilibrium there was deduced the result that the 
vapour consists wholly of mercury and mercuric chloride. Pro- 
ceeding from this deduction it was found that mercurous chloride 
when rigorously dried, so as to prevent dissociation, has no 
measurable vapour pressure even at high temperatures. 

The problem next considered was the dissociation of the ammon- 
ium halides. Vapour density determinations for ammonium chloride 
had shown that whilst the rigorously dried salt had in the vaporous 
state a density corresponding with the formula NH,Cl, it was com- 
pletely dissociated into ammonia and hydrochloric acid at 350° if 
a trace of moisture were present. It was pointed out that this 
dissociation value had been obtained in an unsaturated vapour. 
For the saturated vapour at the same temperature the degree of 
dissociation did not exceed two-thirds. The other ammonium 
halides were found to be considerably less dissociated. An inves- 
tigation was undertaken to explain the paradoxical fact that the 
vapour pressure of ammonium chloride is at a given temperature 
the same whether dried or undried, although in one case the vapour 
is highly dissociated and in the other not at all. Although the 
problem was not solved, the untenability of hypotheses which had 
been put forward by other investigators for its explanation was 
clearly demonstrated. 

Smith’s research work is characterised by the same qualities of 
clear insight, logical development, and scrupulous accuracy as we 
find in his work as a teacher. The merit of both was recognised 
officially by his appointment to the Presidency of the American 
Chemical Society in 1911, by his election to membership of the 
National Academy of Sciences, by the award of the Keith Prize 
and Medal by the Royal Society of Edinburgh in 1912, and by the 
degree of LL.D. which was conferred on him by the University of 
Edinburgh. 

Smith’s personality was most attractive. His interesting and 
amusing conversation, and his hearty, infectious laugh will long 
remain in the memory of his friends. Always of boundless energy, 
he overstrained himself during the war period, and insisted in spite 
of medical warnings on continuing his writing and on carrying on 
his huge department with a depleted staff. A complete breakdown, 
complicated by a serious operation, followed, and as his health did 
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not improve after a year’s leave of absence he was obliged to 
relinquish his Chair. Becoming gradually weaker, he died in his 
native town on September 8, 1922. 
Smith married in 1905 Mrs. Sara Bowles of Memphis, Tennessee, 
and is survived by her and by two children, a son and a daughter, 
J. W. 


JOKICHI TAKAMINE. 
Born SEPTEMBER 23RD, 1855; Diep JuLy 22np, 1922. 


JOKIcHI TaKAMINE was born in Takaoka, Japan, on September 23rd, 
1855, and was the eldest son of a physician, Soiichi Takamine. At 
an early age he received a Government scholarship, and was edu- 
cated at the Imperial College of Engineering, now the Imperial 
University of Tokio. After graduation in 1878, he was sent by 
the Government to Great Britain, and studied applied chemistry 
for three years in Glasgow at the University and Andersonian College. 
During this period he collaborated with Prof. E. J. Mills in a 
research on the absorption of weak reagents by cotton, silk, and 
wool, which was published in this Journal in 1883. He returned 
to Japan by way of America, and was at once employed by his 
Government in many important capacities, among these being 
those of Commissioner to the International Industrial Exposition 
at New Orleans, the first of a long list of similar offices, chief chemist 
to the Department of Agriculture and Commerce, director of the 
Government Chemical Laboratory and Commissioner for Trade 
Marks and Patents for the Empire of Japan. He also revisited 
Europe and America for the purpose of making industrial observa- 
tions. On his return, he resigned his Government appointment 
and established the Tokio Artificial Fertiliser Co., the first to 
manufacture superphosphate in Japan. 

About 1891, Takamine settled in America, at Clifton, New Jersey, 
and set up a private laboratory, where most of his subsequent work 
was carried out. Takamine was held in high honour both in 
official and learned circles in Japan. He received the degree of 
Doctor of Engineering in 1899 and of Doctor of Pharmacology in 
1904. He was made a member of the Orders of the Sacred Treasure 
and of the Double Rays of the Rising Sun, and subsequently rose 
several steps in rank. Perhaps his greatest distinction was his 
appointment by Imperial Decree as one of the sixty members of 
the Imperial Academy of Science in Japan. 

Throughout his career in America Takamine was intensely 
interested in fostering good relations between the countries of his 
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pirth and of his adoption. To the accomplishment of this object. 
he contributed by way of the formation of an American-Japanese 
society and by his constant participation as commissioner or 
delegate in exhibitions and congresses. He kept open house for 
Japanese visitors to America, and was regarded by his countrymen 
as an unofficial Japanese Ambassador. He died on July 22nd in 
New York, aged sixty-seven years. 

Takamine was active in many branches of applied chemistry, 
but his name is chiefly associated with the commercial preparation 
of taka-diastase and of adrenaline. 

The saccharification of starch in the Japanese process of brewing 
Saki from rice is brought about by the diastase of a mould, usually 
Aspergillus oryze. The properties of this diastase were examined 
in 1881 by Atkinson (Proc. Roy. Soc., 1881, 32, 299), who found 
that by its action on starch glucose was produced. For use in 
the brewing process steamed rice is inoculated with material bearing 
the matured spores of the mould (moyashi) and incubated at 30° 
for about seventy-six hours. It is then known as koji and has 
about one-half to one-fourth of the diastatic power of malt. Taka- 
mine’s process (J. Soc. Chem. Ind., 1898, 17, 118) consisted in 
producing a more concentrated or taka-koji (aka in Japanese 
means high) by growing the mould on wheat bran, a product being 
obtained of about four to eight times the diastatic power of the 
ordinary koji. Extraction with water removes the whole of the 
diastase, which can be precipitated from an extract containing 
20 per cent. of solids by the addition of 4—5 volumes of alcohol. 
The dried precipitate forms the taka-diastase of commerce. It was 
pointed out by Takamine that this product has a much greater 
liquefying power for starch paste than malt diastase of equal 
saccharifying power. It has found extended application in 
medicine, baking, the preparation of cereal foods, and in the textile 
industries. 

Adrenaline was obtained in crystalline form in 1900 from the 
aqueous extract of suprarenal glands by evaporation with pre- 
cautions to avoid oxidation, followed by precipitation by making 
alkaline and adding an ammonium salt or passing a current of 
carbon dioxide (Amer. J. Pharm., 1901, 73, 523). 

Takamine was also the inventor of a process for extracting cobalt 
oxide from Japanese manganese ores for use in the pottery industry 
and of a method for the recovery of glycerol from printer’s rollers. 

The writer is indebted for the main facts of Takamine’s career 
to obituary notices in the Journal of the Society of Chemical Industry 
(1922, 41, 464), and in the Japanese medical journal Ikazjiho,. 
published in Tokio. A. HarpDEn. 
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LEO ALEXANDROVITSCH TSCHUGAEV. 
Born OctToBer 4TH, 1873; Diep SEPTEMBER 26TH, 1922. 


Lzo ALEXANDROVITSCH TSCHUGAEV was born on October 4th, 
1873, at Moscow, and died of typhus at Wologda on September 26th, 
1922. He graduated at the University of Moscow in the year 1895, 
and was then appointed as assistant in the Bacteriological Institute 
of the University. In the year 1904 he was appointed Professor 
of the Technical High School of Moscow and in 1908 Professor of 
Inorganic Chemistry at Petrograd, in succession to Mendeléey, 
Konowalow, and Walden; this last post he held at the time of 
his death. 

A prolific research worker, Tschugaev is credited in the index 
of our Journal with just over one hundred memoirs; these deal 
largely with organic compounds, but always with a keen insight 
into the physico-chemical aspects of the problems he was studying. 
His dissertation for the degree of Master of Chemistry in 1903 
described a series of investigations in the terpene and camphor 
series, whilst his dissertation for the degree of Doctor in 1906 
dealt with some investigations in the field of complex compounds, 
These two subjects continued to occupy the foreground of his 
research work up to the time of his death; but he also made 
important contributions in the more purely physical fields of 
triboluminescence and rotatory dispersion, whilst his researches 
on complex compounds, especially of the platinum group of metals, 
were of value as contributions to inorganic as well as to organic 
chemistry. 

One of his most important discoveries in terpene chemistry was 
a new process for converting alcohols into olefines by what is known 
as the “ xanthogen method.” By using this method, Tschugaev 
was able to convert thujy! alcohol into a new terpene, to which he 
gave the name of thujene, C,9H,, (Ber., 1900, 33, 3118). He 
also applied the same process to cholesterol. By the action of 
carbon disulphide and methyl iodide he converted this alcohol 
into methyl cholesteryl xanthate, C,,H,;*O-CS‘SMe; and by heating 
this to 200° he decomposed it into methyl mercaptan, carbon 
disulphide, and the unsaturated hydrocarbon cholesterylene, 
Ci2H4, (Ber., 1909, 42, 4631). 

In view of modern developments, the most important feature of 
Tschugaev’s work on the complex compounds was probably his 
discovery that cyclic complex compounds are more stable than the 
corresponding acyclic compounds, and that, other things being 
equal, there is a marked tendency to the formation of pentatomic 
rings; stable hexatomic cyclic complex compounds were also 


OBITUARY NOTICES. 957 


formed, but there appeared to be little or no tendency to the 
formation of tetra-, hepta-, or octa-atomic ring systems (J. pr. 
Chem., 1907, [ii], 75, 153). Representatives of the last two types 
have been prepared by Tschugaev himself (Z. anorg. Chem., 1905, 
46, 144), by Duff (T., 1921, 119, 385), and by Price and Brazier 
(T., 1915, 107, 1373); but the general principle still holds good that 
co-ordination is favoured in a very remarkable way when it is 
possible to construct either a saturated ring system containing 
five atoms, or a conjugated ring system containing six atoms, the 
co-ordinated metal being in each case counted as a member of the 
ring. 

The best known of Tschugaev’s discoveries in this field 
was that of the nickel derivative, Ni(O-N:CMe-CMe:N-OH),, of 
dimethylglyoxime, which has found an important application in 
analytical chemistry, but this compound is itself an example of a 
complex containing a seven-membered ring. Tschugaev also 
found that the oximino-ketones behave in general like nitroso-f- 
naphthol in yielding very stable derivatives with cobalt, and 
prepared a series of analogous compounds of iron, nickel, and 
palladium, all of which were distinguished by their great stability, 
abnormal colour, and absence of ionic reactions of the metal. 
These compounds are an important illustration of Tschugaev’s 
principle, since their formation is associated with the development 
of a conjugated ring-system containing six atoms as shown in the 
formula 


+++ pp 
§Coch OCC, 
NOH; 


Tschugaev came to London in 1909 as one of the Russian repre- 
sentatives to the International Congress; he was a member of a 
group which also included Walden, Ipatiev, and Kistiakowski. 
He contributed a paper on anomalous rotatory dispersion to a 
general discussion on optical rotatory power held before the Fara- 
day Society on March 27th, 1914, although on this occasion he was 
not able to attend in person. This paper was distinguished by a 
clear recognition of three distinct causes which might independently 
give rise to anomalous dispersion. 

Tschugaev’s death was directly due to the deplorable conditions 
following the revolution in Russia. Life in Petrograd had become 
so difficult that he had moved his wife and children out to Wologda ; 
and it was during one of his visits to Wologda that he acquired the 
disease which brought about his death. His loss was a serious one 
for chemistry in general; to Russian chemistry it was a real 
disaster, since even under favourable conditions research workers 
VOL, CXXIII. LL 
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having the energy and ability which Tschugaev displayed are 
sufficiently rare in any country; and Russia least of all could 


afford to lose him. 
T. M. Lowry. 


FRANK EDWIN WESTON. 
Born 1867; Diep JANUARY 4TH, 1923. 


Tue death of Frank Edwin Weston removes an indefatigable 
worker from the field of pure and applied chemistry, and deprives 
our country, and especially London, of one of the finest teachers 
of chemical science of our day. Born in 1867, he received his 
scientific training at St. John’s College, Battersea, and at Birkbeck 
College, taking supplementary courses at King’s College and Uni- 
versity College, London, and graduating with first class honours 
in chemistry (B.Sc.) in 1900. He joined the staff of the Regent 
Street Polytechnic in 1893, and in 1911 was made head of the 
chemical department, which position he retained until his death. 
At the Polytechnic he will long be remembered for his ceaseless 
activities, his organising ability, and his clear-sighted judgment. 
Many generations of students will remember with gratitude the 
lucidity of his teaching, the simplicity of his methods, and the 
intense personal interest which he took in each member of his 
classes. 

Previous to the war Weston published original researches, 
amongst which may be mentioned the detection of sodium sulphite 
in the presence of sulphate and thiosulphate (1908); the crystal- 
lisation of explosives (1908); the action of aluminium powder on 
silica, boric anhydride, and on carbon (1908); the heats of com- 
bustion of aluminium, calcium, and magnesia (1909); a modified 
apparatus for the estimation of nitrogen (1909); and thermic 
reactions in a vacuum (1911). Most of these were in collaboration 
with H. Russel Ellis. 

During the war Weston carried gut an important investigation 
on alloys for aeroplane construction, for the Air Ministry, and with 
others, prepared considerable quantities of the drugs novocaine 
and £-eucaine, which were in great demand by the military medical 
authorities. In connexion with this he found that the ordinary 
method for the preparation of ethyl bromide was very inefficient, 
and worked out an alternative procedure, which gave a high 
percentage yield (published in the Transactions, 1915, 107, 1489). 

He was the author of several publications on chemical subjects, 
including a small book of great value to students of chemistry, 


are 
uld 
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entitled ‘‘The Detection of Carbon Compounds,” which had a 
great vogue and has been translated into French, Spanish, and 
Italian. At a later date he collaborated with the present writer 
in producing a two-volume work, entitled ‘‘ Technical Handbook 
of Oils, Fats and Waxes.” 

Although in recent years hampered by ill health, his activities 
continued to the last, and many of the general public, outside 
scientific circles, will remember him in connexion with his work 
on the detergent value of colloidal clays, of which notices appeared 
in the daily Press. He was elected a Fellow of the Institute of 
Chemistry in 1918. 

Weston was a man of strong personality, who made a deep 
impression on those with whom he came into intimate contact. 
His somewhat loud voice and brusque manner only imperfectly 
concealed his kindly and unselfish disposition. A ruthless opponent 
of all sham and superficiality, he was himself a consistently zealous 
and conscientious worker and a man of stainless honour and 
integrity. 

He leaves a widow and one son, Ramsay, whom he lived to see 
gain the distinction of a first class honours degree in science as 
late as a few weeks ago. 

*PeRcIvAL J. FRYER. 
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CIX.—An Electrolytic Method for the Preparation of 
Mercury Dimethyl.* 


By Juuian Lewis Maynarp and Henry C. Howarp, jun. 


Durine the past year, one of us has frequently had occasion to 
prepare considerable quantities of mercury dimethyl. The five 
methods then available for its preparation (see F. C. Whitmore, 
““Organic Compounds of Mercury,” American Chemical Society 
Monograph Series, pp. 85—86) were known to give poor yields, 
and therefore, since the excellent process employing the Grignard 
reaction (Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153) had 
not yet appeared, it was decided to attempt to develop a more 
satisfactory means of synthesis. 

When solutions of the methylmercuric halides in liquid ammonia, 
in water, and in alcohol are electrolysed, the complex MeHg- is 
deposited on the cathode in fine black flakes, which decompose 
completely at the ordinary temperature into mercury and mercury 
dimethyl (Kraus, ibid., 1913, 35, 1740) : 

2MeHg— —> Hg + HgMe,. 

Thus, in view of the ease with which this reaction proceeded at 
the ordinary temperature, the electrolysis of a concentrated aqueous 
solution of a methylmercuric salt appeared to afford a simple means 
for the preparation of the mercury dialkyl. Electrolysis of a 
liquid ammonia solution was avoided because of various mechanical 
difficulties, whilst an alcoholic solution was not considered because 
of the very low order of its conductivity. 

In order to determine the most suitable salt for use as the elec- 
trolyte in this preparation, conductivity measurements were made 
on aqueous solutions of various methylmercuric salts, and on the free 
base, MeHg-OH, recently isolated by one of us (Sneed and Maynard, 
J. Amer. Chem. Soc., 1922, 44, 2942). A few of the results are given 
in the following table; temperature 25°, concentration 0°1LN : 


Compound ......... MeHg:0OH MeHg-OAc (MeHg),SO, MeHgNO, 
Equiv. cond. ...... 0-71 4-92 57-40 101-00 
The low conductivity exhibited by the base was surprising, 
inasmuch as compounds of the type RHg-OH have been very 
generally described in the literature as strong bases. However, 
the weakness of the base as indicated by our conductivity measure- 
ments was substantially borne out by the fact that large increases 
in the equivalent conductivity of methylmercuric salts at dilutions 
even greater than 1000 litres indicated a considerable degree of 


* A preliminary report on this article was made to the American Chemical 
Society at its Birmingham, Alabama, meeting in April, 1922. 
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hydrolysis. Thus, for example, the equivalent conductivity of 
the nitrate at various dilutions at 25° was found to be as follows : 
NE ME NEEEE  caccccsisinmevasaragecesionsons 10 50 250 1250 £6250 
Equiv. CONG. .......seeeeeeeecereceecsseveeseenss 101 116 129 150 162 

Again, the weakness of methylmercuric hydroxide as a base was 
clearly shown by the ionisation constant calculated from the degree 
of hydrolysis of the nitrate. The constant was found to be 
39 x 10°! at 25°. The commonly accepted value for aniline at 
the same temperature is 5 x 107°. As was to be expected, methyl- 
mercuric hydroxide reacted acid towards phenolphthalein. 

Work done by one of us* has indicated that ethylmercuric 
hydroxide is likewise very slightly ionised, and a preliminary report 
on 2-butylmercuric hydroxide has shown that compound to be 
a correspondingly weak base.f Therefore, despite statements to 
the contrary found in text-books of organic chemistry and in the 
literature generally, it was concluded that alkyl mercury bases of 
the type RHg-OH are indeed very weak. That the basis for 
previous statements to the contrary is unfounded is shown by the 
fact that the recent preparation of methylmercuric hydroxide 
(Sneed and Maynard, loc. cit.), ethylmercuric hydroxide,t and the 
corresponding »-butylmercuric derivative marks the first instances 
of the isolation in the pure state of aliphatic mercury bases of the 
type RHg-OH. The reputed strength of these bases has evidently 
been inferred from a single instance in which a solution containing 
ethylmercuric hydroxide displaced ammonia from its salts, and 
precipitated the hydroxides of the heavy metals (Dunhaupt, 
Annalen, 1854, 92, 381). 

It was recognised very early in the course of this study that the 
low conductivity of aqueous solutions of methylmercuric salts 
presented a decided difficulty in the development of an electrolytic 
method for the preparation of mercury dimethyl. Methylmercuric 
chloride, bromide, and iodide were unsuitable for use as electrolytes 
because of their slight solubility in water; the use of the more 
soluble salts of the active acids, for example, the nitrate and 
sulphate, was precluded because of the presence in their solutions 
of an undesirable quantity of hydrogen-ion due to hydrolysis. 

Attention was then directed to the methylmercuric salts of weak 
acids and to the base itself. As was to be foreseen from the low 
conductivity of the latter, preliminary electrolytic experiments 


* Unpublished results (J. L. M.). 

t W. V. Evans and Louise Otis, The Ionisation of n-Butylmercuric Hydr- 
oxide. A preliminary report presented before the American Chemical Society 
at the Birmingham, Alabama, meeting, April, 1922. 

{ Isolated by Maymard. Results unpublished. 
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showed the impossibility of obtaining any considerable quantity 
of mercury dimethyl within a reasonable time. It was found 
impossible to isolate the carbonate because of its instability, for 
after an excess of carbon dioxide had been passed into a solution 
of methylmercuric hydroxide, all attempts to concentrate the 
solution resulted in the complete removal of this gas, so that only 
the base remained. This behaviour was to be expected, and it 
further confirmed the conclusion that methylmercuric hydroxide 
is a weak base. 

Experiments were next carried out on methylmercuric acetate, 
a salt which is very soluble in water, and easily prepared from 
methylmercuric iodide (Sneed and Maynard, loc. cit.). When 
aqueous solutions of the acetate were electrolysed, mercury di- 
methyl was formed at the cathode, but owing to the low conductivity 
of the solutions the process was very slow. Since it was known 
that pyridine increases the conductivity of certain slightly ionised 
salts such as mercuric chloride (Gmelin-Kraut’s “‘ Handbuch der 
anorganischen Chemie ” (1914), Band V, Abt. 2, pp. 920—921), we 
tried its effect on solutions of methylmercuric acetate. The desired 
increase in conductivity was so considerable as to make rapid 
electrolysis possible. The influence of varying amounts of pyridine 
on the conductivity of solutions of methylmercuric acetate is shown 
in the following table : 

Specific conductivity of 0°05N-MeHg-OAc at 25° = 33°7 x 10°. 

Mols. of pyridine added 

per mol. of MeHg-OAc... 0-1 1 2 + 

Sp. cond. of solutions ...... 147x10% 23210 27110 277x10~ 

A maximum specific conductivity of less than 2 x 10° was 
exhibited by aqueous solutions containing pyridine in concentra- 
tions equivalent to the quantities present in the above-mentioned 
solutions of methylmercuric acetate. The very marked increase 
in the conductivity of the electrolyte in the mixed solvent seemed 
to indicate that an interaction had taken place, and that highly 
conducting complexes had been formed. In partial support of 
this conjecture it will be noted that a conductivity curve plotted 
from the values given would show a very sudden flattening after 
the addition of two mols. of pyridine. 

Thus, with the desired increase in conductivity of methylmercuric 
acetate in the mixed solvent, it became possible to prepare quan- 
tities of mercury dimethyl without difficulty. The mixed solvent 
did not dissolve the dialkyl, so that as it dropped from the cathode 
it formed a layer at the bottom of the cell, and could be drawn off 
readily without disturbing the progress of the electrolysis. A 
material yield exceeding 90 per cent. and a current efficiency of 
90 per cent. combine to make the process satisfactory from the 
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point of view of the organic chemist. After the simple electrolytic 
cell has been constructed, the method compares favourably in point 
of time with the synthesis effected by means of the Grignard 
reaction (Marvel and Gould, loc. cit.). Inasmuch as test runs have 
shown that mercury diethyl and mercury dipropyl can be prepared 
by the electrolysis of the corresponding ethyl- and propyl-mercuric 
acetates, it is suggested that this method might be extended to 
include the preparation of the other liquid mercury dialkyls. 

Methylmercuric iodide necessary for the preparation of methyl- 
mercuric acetate has recently been made more available by a rapid 
method of preparation. It has been found that methyl iodide 
reacts readily with mercurous iodide at 75° when exposed to the 
light of the electric arc : * 

Mel + Hg,I, —> MeHgI + HelI,. 


Methylmercuric iodide has heretofore been prepared by allowing 
mercury to stand in the sunlight with methyl iodide (Frankland, 
Quart. J. Chem. Soc., 1850, 3, 322 ; Annalen, 1851, 77, 225; 1853, 85, 
361). The acetate may in turn be obtained from the iodide in 
excellent yield by the use of several methods lately worked out 
(Sneed and Maynard, loc. cit.), and also by the addition of mercuric 
acetate to a well-stirred, hot, aqueous suspension of methylmercuric 
iodide. The latter method is preferable when it is not desired to 
isolate the methylmercuric acetate. 


EXPERIMENTAL. 


The electrolyte employed in this preparation consisted of an 
aqueous 25 per cent. solution of methylmercuric acetate to which 
pyridine was added in the ratio of two mols. of the latter to one 
mol. of the organomercuric salt. 

The cell was constructed of a cylindrical glass vessel tapering 
at the lower end, and fitted there with a stop-cock through which 
the mercury dimethyl was drawn off as desired. A porous cup 
suspended in the centre of the glass vessel served as the anode 
compartment. The cathode consisted of a sheet of smooth 
platinum foil, supported concentrically about the porous cup at 
a distance of a few mm. therefrom. The anode was made up of 
two graphite rods. The entire cell was water-jacketed so that 
during electrolysis the temperature could be maintained between 
30° and 40°. 

At the beginning of the electrolysis a potential of 30—35 volts 
produced a current of 2°5 amps. This of course fell off as the 
concentration of the methylmercuric salt in the solution decreased. 
The area of the cathode, considering only the side nearest the 


* Unpublished results obtained by Maynard. 
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anode to be active, was 138 sq.cm. The cathodic current density 
at the beginning of the electrolysis was therefore 1°8 amps./sq. dem, 
The total area of the anodes was 62°8 sq. cm., and hence the anodic 
current density was 4 amps./sq. dem. 

The details of a typical run are as follows: The electrolyte 
consisted of 106°5 grams of methylmercuric acetate in the form 
of a 25 per cent. aqueous solution with two mols. of pyridine added 
per mol. of acetate. An average current of 1°67 amps. flowed over 
a time of 2 hours 10 mins.; the total number of ampere-hours 
was 10°64. Thus, the current yield demanded by theory was 46:] 
grams of HgMe,; an actual yield of 414 grams set the current 
efficiency at 90 per cent. The actual yield amounted to 92 per 
cent. of the theoretical material yield of 45:1 grams. 


Summary. 
1. Alkyl mercury bases of the type RHg*-OH have been shown 
to be very weak bases. 
2. An electrolytic method for the preparation of mercury 
dimethyl has been described. 
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CX.—Action of Sulphur Monochloride on Mercaptans. 
By GopAt CHANDRA CHAKRAVARTI. 


THE present investigation was undertaken with a view to study 
systematically the nature of the products obtained by the inter- 
action of real and potential mercaptans with sulphur monochloride. 
A good deal of work has been done to elucidate the reaction between 
sulphur monochloride and the unsaturated hydrocarbons ; Guthrie 
(Quart. Journ. Chem. Soc., 1860, 12, 116; 1861, 13, 134; Amnnalen, 
1861, 119, 91; 1862, 124, 110); Pope (J. Soc. Chem. Ind., 1919, 
38, 469r); A. G. Green (ibid., 469R); Conant, Hartshorn, and 
Richardson (J. Amer. Chem. Soc., 1920, 42, 585); Gibson and 
Pope (T., 1920, 117, 271); Mann, Pope, and Vernon (T., 1921, 119, 
634). The chief and interesting point of research in most of them 
has been the stability of the bivalent sulphur atom of sulphur 
monochloride when it reacts with other compounds. By the action 
of sulphur monochloride on ethylene, Green (loc. cit.) seems to 
have obtained the disulphide (i), 


2CH,:CH, + S,Cl, = (CH,CI’CH,)‘Si8 . . . . (i) 
2CH,:CH, + 8,Cl, = (CH,CI-CH,)S +S . . . (i) 


Pope (loc. cit.), however, suggested that the second sulphur atom 
remained in “‘some sort of pseudo-solution”; and Gibson and 
Pope (loc. cit.) represented the reaction as taking course (ii). 
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The last view was placed on a firm experimental basis by Harrison 
(T., 1921, 119, 329). But recently Naik (ibid., p. 329) has shown that 
in the synthesis of the dithio-ketones and dithio-ethers the sulphur 
atom in question is not eliminated and the products obtained, 
which are formulated as R,C:S:S and R,:S:S, are exceedingly stable. 
Smythe and Forster (T., 1910, 97, 1195) obtained benzyl tetra- 
sulphide from benzyl mercaptan and sulphur monochloride, the 
sulphur atom remaining intact. In the present investigation the 
products obtained, although they have such complex structures 
as S:S(SR),, are also remarkably stable, and the sulphur atom 
retains its position firmly in the molecule. It would thus seem that 
the stability of the bivalent sulphur atom depends entirely on the 
nature of the compounds with which it enters into combination. 

Ray and Das (T., 1922, 121, 323) have found in chloropicrin a 
reagent capable of distinguishing a real from a potential mercaptan. 
They find that when chloropicrin reacts with a real mercaptan no 
sulphur is eliminated, but when it acts on a potential mercaptan 
sulphur is invariably separated either partly or completely. In the 
case of sulphur monochloride the same behaviour has been observed : 


2CH,-CH,SK + S,Cl, = (CH,CH,'S),8:8 + 2KCl. 


Ethyl mercaptan being a real one, there is no separation of sulphur. 
But with thiobenzamide sulphur is partly eliminated : 
2CPh(°NH)-SK + 8,Cl, = S(CPh:NH), + 2KCl +- 38. 

Sometimes, when the strain is very great in the process of tautomeris- 
ation to the “thiol”? form, the molecule is completely ruptured. 
In such cases, products are obtained which are totally deprived of 
their sulphur, for example, thioacetanilide is completely decomposed 
and the main product which is isolated is aniline hydrochloride. 
The reaction possibly takes the following course : 


NPhiCMe:SK + 8,Cl, —> [NPhCMe-S-SCl:S] —> 
NH,Ph + [CH,-CO-S:SCI:S] —> NH,Ph,HCl + CH,:CO,H + 38. 


Thus sulphur monochloride, like chloropicrin, can be utilised in 
differentiating real and potential mercaptans. 

The compounds described in this paper are prepared by the 
interaction of the alkali salts of mercaptans, dissolved or suspended 
in alcohol, and sulphur monochloride, dissolved in light petroleum. 
The reaction with a real mercaptan proceeds according to the 
equation 


2R-SK + §,Cl, = 2KCI + (RS),{8:8. 


The now generally accepted formula of sulphur monochloride, 
S:SCl,, has been adopted throughout this investigation. 


LE 


966 CHAKRAVARTI : 


EXPERIMENTAL. 
Real Mercaptans.* 


Product from Ethyl Mercaptan, S:S(SEt),—Sodium mercaptide 
(prepared by the action of finely divided sodium on ethyl mer. 
captan, dissolved in anhydrous ether) was dissolved in an excess 
of absolute alcohol at about 60° and gradually treated with a dilute 
solution of sulphur monochloride in light petroleum (b. p. 80—100°) 
with constant shaking until sodium chloride was no longer precipi- 
tated. The yellow oil that separated was repeatedly washed with 
water and its ethereal solution heated on the water-bath to remove 
ether. The oil was next distilled with steam, the distillate extracted 
with ether, and the golden yellow, mobile oil remaining after removal 
of the solvent finally dried in a vacuum over sulphuric acid. It 
boils at 210—212° (Found: C= 26:09; H=541; S = 68°43, 
C,H 9S, requires C = 25°80; H = 5:37; S = 68°81 per cent.). 

Product from Phenyl Mercaptan, S:S(SPh),.—To an alcoholic 
solution of the mercaptan (1 mol.) alcoholic caustic potash was 
added (1 mol.), followed by sulphur chloride in light petroleum. 
An oil together with potassium chloride separated out. The oil 
was washed thoroughly with water, extracted with ether, the 
ether removed on the water-bath, and the residue repeatedly dis- 
solved in a large excess of ether, filtered, and precipitated by alcohol. 
The oil thus obtained was heated in the steam-bath for about three 
hours and finally kept in a vacuum desiccator over-night. It is 
a yellow oil with offensive odour and is soluble in ether, chloroform, 
acetone, or benzene, but insoluble in alcohol (Found: C = 50°62; 
H = 3°86; S = 46:21., C,.H,)S, requires C = 51:06; H = 3°54; 
S = 45°39 per cent.). 

Product from Dithioethylene Glycol, S:S(S‘CH,*CH,°SH),.—When 
alcoholic caustic potash was added to an alcoholic solution of 
dithioethylene glycol, colourless needles of the monopotassium salt, 
SH-CH,°CH,’SK, separated (Found: K = 29°85 per cent.). This 
salt was dissolved in alcohol and treated as before with sulphur 
chloride. A solid product was obtained which was washed with 
water and heated under reflux first with absolute alcohol and then 


* A few organic tetrasulphides have already been described (Otto, J. pr. 
Chem., 1888, [ii], 37, 211; Troeger and Hornung, ibid., 1899, [ii], 60, 113); 
the method of preparation adopted in this paper is entirely different. 

¢ It may be necessary to point out that in these compounds the sulphur 
atoms are linked both to a fatty and to an aromatic and cyclic residue. 
Carius’s method usually gave low results owing to the formation of sulphonic 
acid. The excess of nitric acid was therefore neutralised with sodium carbonate 
and the solution evaporated to dryness and fused in a platinum crucible The 
melt was evaporated several times with hydrochloric acid before precipitating 
with barium chloride. Owing to the presence of a large amount of sodium 
chloride and undecomposed sodium nitrate the result is generally a little high. 
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with carbon disulphide. It was finally crystallised from hot nitro- 
benzene and then melted at 126—128° (Found: C = 19°05; 
H= 3°88; S=77:48. C,H,)S, requires C = 19:20; H = 4:00; 
§ = 76°80 per cent.). 

Product from Benzyl Mercaptan, S:S(S-CH,Ph),.—On being 
treated as in the case of phenyl mercaptan, benzyl mercaptan 
gave an oil which is not volatile with steam. The crude oil was 
dissolved in acetone and fractionally precipitated by water from 
any solid impurity. It was then kept in a vacuum desiccator for 
several days. The product, which slowly crystallised, was well 
pressed on a porous plate and recrystallised from alcohol; m. p. 
48—50° (compare T., 1910, 97, 1195) (Found : C = 54:14;H = 4°81; 
S= 41:97. C,,H,,8, requires C = 54:20; H= 451; S = 41°29 


per cent.). 
Product from 5-Thiol-2- ot 3-phenyl-2 : 3-dihydro-1 : 3 : 4-thio- 
CH;N—N § N—N-C,H, 
diazole, S: on me ‘S-S-S- a /C:iS  -—On treatment of the 


S S 
potassium salt with sulphur monochloride a pasty mass was obtained 


which solidified on keeping in contact with water for a few days. 
This was finely powdered, washed with water, and crystallised from 
amixture of chloroform and benzene. It melts at 131—132° (Found : 
C= 37:45; H= 2:45; S= 49°57. C,,H,)N,S, requires C = 37°36; 
H = 1:95; S = 49°80 per cent.). 

The product obtained by heating the tetrasulphide under reflux 
with excess of methyl iodide and methyl alcohol for nearly three 
hours was dissolved in acetone and precipitated with ether. After 
final recrystallisation from a mixture of acetone and water, it 
melted at 124° (Found: C=1861; H=2°74; I = 58°91; 
S= 16°59. C,H S,N,,7CH,I requires C= 18°61; H = 2°05; 
I= 58:95; S = 16°97 per cent.). On being similarly treated with 
ethyl iodide, it gave a product which, crystallised from methyl 
alcohol, melted at 114—116° (Found: C= 22°61; H=3°'7; 
I= 56°95; S=15-44. C,,H, N,S,,7C,H,I requires C = 22°42; 
H = 2°80; I = 55°35; S = 15°94 per cent.). 


3 
dipotassium salt reacted with sulphur chloride to give a yellow 
product, insoluble in all the ordinary organic solvents. It was 
thoroughly washed with water, heated under reflux with absolute 
alcohol and then with carbon disulphide. It froths at about 
80°. Three different preparations gave concordant results (Found : 
C=1111; S= 75:74; N=12'15. C,N,S, requires C = 11°14; 

LL*2 
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S = 75°47; N = 13:21 per cent.). The above compound was heated 
under reflux with excess of ethyl iodide for about five hours. The 
product was extracted with acetone, when a quantity of sulphur 
remained. After removal of the acetone and crystallisation from 
alcohol, it melted at 114° (Found : C = 15°42; H = 2°75; N=4'83; 
I= 6143; S=1541. C,N,S,,3C,H,I requires C = 15°84; 
H = 2°47; N = 4°63; I = 61:22; S = 15°84 per cent.). 

Product from 8-Naphthyl Mercaptan, S:S(S:C,9H;)..—The yellow 
precipitate obtained by the interaction of sulphur monochloride 
and $-naphthyl mercaptan was thoroughly washed with water, 
dissolved in benzene, heated under reflux with copper powder, and 
finally precipitated with hot alcohol. It melts between 82—85° 
(Found : S = 33°02. C,9H,,8, requires S = 33°51 per cent.). 


Potential Mercaptans. 

Thiobenzoic acid gave with sulphur monochloride a crystalline 
precipitate which was identified as dibenzoyl disulphide. Thio- 
carbanilide, dissolved in alcohol, and an equimolecular quantity 
of alcoholic potash were shaken with a solution of sulphur chloride. 
The brown precipitate obtained, which was found to be very rich 
in sulphur, could not be crystallised and its constitution has 
not yet been determined. The filtrate was evaporated to dryness 
and the residue extracted with alcohol. The product after removal 
of alcohol was purified by passing steam and then twice recrystal- 
lised from ether. It melts at 248° (Found: C = 70°07; H = 5°72; 
N = 12°51; Cl = 10°35. C,,H,,N,Cl requires C = 70°48 ; H = 5°56; 
N = 12°98; Cl = 10°97 per cent.). On similar treatment, thioacet- 
anilide was completely decomposed and aniline hydrochloride was 
isolated among other products. With sulphur chloride, thiobenz- 
amide gave a precipitate of sulphur. The filtrate was slowly 
evaporated to dryness and the residue extracted with alcohol. 
Colourless crystals, m. p. 92°, were obtained (Found: C = 69°49; 
H = 5:19; N = 11°63; S = 13°48. C,,H,,N,S requires C = 70-00; 
H = 5:00; N= 11-66; S = 13°33 per cent.). Pinacolylthiocarb- 
amide and allylphenylthiocarbamide were decomposed and no 
product could be isolated in a pure condition. From thioacetamide, 
colourless needles, m. p. 104°, were obtained (Found: N = 25°60; 
S = 29°21. C,H,,N,8, requires N = 25°69; S = 29°36 per cent.). 


In conclusion, the author’s best thanks are due to Sir P. C. Ray 
for his valuable help and kind interest during the progress of the 
investigation. 
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CXI.—The Oxidising Properties of Sulphur Dioxide. 
Part IV. Molybdenum Sulphates. 


By Witit1am WaRDLAW and NorMAN Darby SYLVESTER. 


(HILESOTTI, in a paper on the electrolytic reduction of solutions 
of molybdic anhydride in hydrochloric acid (2. Elektrochem., 1906, 
12, 173), concluded from potential measurements that the molyb- 
denum was first completely reduced to the quinquevalent condition 
and that further reduction produced tervalent molybdenum 
without the intermediate formation of quadrivalent compounds. 
Depending on the concentration of the hydrochloric acid, the 
colour of the solution containing tervalent molybdenum could 
be either orange-red or green. The green colour was only obtained 
when the concentration of acid was less than 7N. In acid of 
higher concentration, the green stage was not reached and the 
colour of the tervalent molybdenum solutions was orange-red. 
Moreover, the production of the green colour was accompanied by 
a considerable fall of potential, although the alteration in per- 
manganate titre was very small. This is in accord with the power- 
ful reducing properties of the green solutions. They are extremely 
sensitive to air oxidation and immediately on exposure to air 
recover the orange-red colour. Chilesotti, with a certain amount 
of reserve, suggested that the appearance of the green colour might 
be due to the formation of small masses of molybdenum dichloride 
which had not been detected chemically, and that in the orange- 
red solutions bivalent molybdenum was not produced. The 
existence of two differently coloured solutions of chromic chloride 
is well known. Peligot (Compt. rend., 1844, 19, 783; Ann. Chim. 
Phys., 1844, 12, 537) first succeeded in obtaining green crystals 
of chromium trichloride, [Cr(H,O),Cl,|Cl,2H,O, by treating the 
insoluble violet anhydrous chloride with water in the presence 
of a small quantity of chromium dichloride. 

“Tt is therefore possible,” states Chilesotti, “‘that traces of 
molybdenum dichloride formed at the end of the reduction would 
favour the transformation of the molybdenum trichloride to the 
green form, which, on disappearance of the dichloride, would 
revert to the orange-red isomer.” 

It was thought, therefore, that it might be of interest to inves- 
tigate the reactions of sulphur dioxide with the lower molybdenum 
compounds in view of the possible stages of oxidation and also to 
determine whether there was any distinctive difference in the 
reactivity of the green and orange-red solutions with this gas. 
In connexion with Chilesotti’s hypothesis, it is worthy of note 
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that whilst cuprous chloride, stannous chloride, or other reducing 
agents (Rohland, Z. anorg. Chem., 1899, 21, 37; Drucker, Z, 
physikal. Chem., 1901, 36, 173) have the power of causing solution 
of the insoluble chromium chloride, they are ineffective in the case 
of the anhydrous molybdenum trichloride. 

Reference to the literature showed that the stage to which 
solutions of molybdic anhydride are reduced has been the subject 
of considerable investigation. Wernke (Z. anal. Chem., 1875, 
14, 1) carried the reduction with zinc and sulphuric acid approx. 
imately to the condition Mo,,0,5. Dudley (J. Amer. Chem. Soc., 
1893, 15, 519), using Jones’s reductor, obtained slightly different 
results. Doolittle and Eveson (ibid., 1894, 16, 234), and Jones 
(Amer. Inst. Min. Eng., 1889, 90, 18, 705) obtained results similar 
to those of Wernke. Blair and Whitfield (J. Amer. Chem. Soc., 
1895, 17, 747) and Millar and Frank (ibid., 1903, 25, 919) reduced 
the anhydride approximately to the stage Mo,,0,,. Noyes and 
Frohman (J. Amer. Chem. Soc., 1894, 16, 553), by replacing air 
with carbon dioxide, effected a reduction corresponding to Mo,0,. 
Randall (Amer. J. Sci., 1907, [iv], 24, 313), using ferric alum in 
the reducing flask and decolorising with phosphoric acid according 
to Reinhardt (Chem. Zig., 1889, 13, 323), obtained reduction to 
Mo,0,. Scott (J. Ind. Eng. Chem., 1920, 12, 575), using a rotating 
zinc reductor, showed that the reduction reached the Mo,O, stage. 
There seems little doubt, therefore, that under favourable con- 
ditions molybdic anhydride is reduced by zinc and sulphuric acid 
to the tervalent condition. The only reference to any lower stage 
being reached is an early investigation by von der Pfordten 
(Annalen, 1884, 222, 155) in which possible reduction to Mo,0, 
is mentioned. 

Although Chilesotti carried out his detailed potential measure- 
ments in the presence of hydrochloric acid in the case of the green 
and orange-red solutions, he mentions that sulphuric acid solutions 
give analogous results. We have therefore carried out our experi- 
ments in the presence of this acid, as at fairly high temperatures 
the concentration of sulphuric acid solutions is more easily con- 
trolled than the concentration of hydrogen chloride solutions. 


EXPERIMENTAL. 


For the investigation of the reaction between sulphur dioxide 
and reduced solutions of molybdic anhydride in sulphuric acid, 
the apparatus shown in Fig. 1 was finally adopted. 

The reduction of the solution was accomplished electrolytically 
in the cell A. This consisted of an outer glass vessel, which was 
used as the cathode chamber and was closed with a large rubber 
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bung. Through a hole in the centre of this passed a porous pot 
which served as the anode chamber. The electrodes were of 
smooth platinum, and the voltage was varied according to the 
concentration of the sulphuric acid, but was usually adjusted to 
give a current of 7—8 amperes. The cathode and the anode 
chambers were filled with the solution of ammonium molybdate 
and sulphuric acid. To prevent its temperature rising, the cell 
was immersed in a bath through which cold water continuously 
circulated. During the reduction, a stream of nitrogen was passed 
through the solution by means of the tube, a, in the cathode 
chamber. By suitably adjusting the taps, all air could be cleared 
from the apparatus. When the solution was completely reduced, 


Pic. i. 


portions were forced into the burette, D, for analysis, whilst the 
remainder was transferred to the flask, B. The latter was pro- 
vided with a double-surface condenser to minimise evaporation 
during the experiment. With taps 5 and 7 closed and 6 open, 
a stream of sulphur dioxide was passed through the reduced 
solution for half an hour at room temperature and then for twelve 
to fifteen hours with the temperature of the water-bath surrounding 
the flask kept constant at 90°. 


Description of the Phenomena. 


The colour of the completely reduced solution depended on the 
concentration of the acid present. In highly concentrated acid, 
the solution was salmon-pink, whereas with less concentrated acid 
it was either olive-green or bright green. On passage of sulphur 
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dioxide into the salmon-pink solution, the colour changed imme. 
diately to reddish-brown and then to carmine-red. If the solution 
was initially bright green, it became successively olive-green, 
brown, and carmine-red, whilst the olive-green solution became 
brown and finally carmine-red. The colour changes were accom. 
panied by an opalescence, but on raising the solution to 90° the 
finely divided precipitate was coagulated. The colour of the solid 
thus produced varied from dark brown to light brown, according 
as the acid was concentrated or dilute. A deposit of sulphur 
gradually accumulated in the mouth of the flask and in the con- 
denser. After the sulphur dioxide had passed for the required 
time, it was replaced by a current of nitrogen. The passage of 
this gas was continued until sulphur dioxide could no longer be 
detected at the exit tube. The solution, after cooling in the 
nitrogen stream, was forced through the glass-wool filter into the 
conical flask, C, by closing taps 8 and 10 and opening taps 9, 7, 
11, and 15. By suitable rearrangement of taps, the red liquid was 
forced into the burette, Z. 


Quantitative Aspect of the Reaction. 


The quantitative study of the reaction depends on a consider- 
ation of the nature of the initial and final solutions. In attempting 
to determine the stage of oxidation or reduction of a sulphuric 
acid molybdenum solution, it is necessary in the first place to 
know the total molybdenum content. Then since potassium 
permanganate solution will oxidise any reduced molybdenum 
solution to the sexavalent stage, one can readily deduce the exact 
constitution from a consideration of these two factors. After a 
detailed investigation of various methods for titrating reduced 
molybdenum solutions with standard potassium permanganate, 
we drew the conclusion that the best results were obtained when 
the fully reduced molybdenum solution was run directly into a 
stoppered flask containing ferric alum acidified with sulphuric 
acid and through which a current of nitrogen was passing. To 
determine the total molybdenum two methods were used. In the 
case of the initial solutions, these were boiled with hydrogen per- 
oxide to effect oxidation to the sexavalent stage, and the molyb- 
denum was precipitated as the trisulphide and weighed as the 
oxide in the usual way. This was done to determine whether the 
initial solution was reduced to the tervalent condition. Our 
experiments indicated that only when the solution was reduced 
to the stage developing the bright green colour, was reduction to 
the tervalent state complete. 

The total molybdenum in the final red solution was estimated 
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by means of the apparatus shown in Fig. 2, which is a modification 
of the Jones’s reductor. Wedged in the bottom of the tube above 
the tap is a perforated disk which supports a glass-wool filter, 
lj inches deep. The tube is then filled with small pieces of pure 
sheet zinc, bent into V-shape to prevent clogging as far as possible. 
Twenty c.c. of the red solution from burette HZ were used in each 
determination. In carrying out a determination, the reductor was 
first cleaned with 24 per cent. sulphuric acid. 
The acid concentration of the red solution was 
adjusted to approximately 3N. It has been 
found advantageous to adjust the acid con- 
centration to this normality, for if sufficient 
acid is not present, hydrolysis of the reduced 
molybdenum solution will occur, whilst if the 
acid is too concentrated, hydrogen sulphide will sored 
be formed, which will affect the permanganate 
titre. Ten c.c. of hot 24 per cent. sulphuric 
acid were introduced into the reductor and 
followed by the molybdenum solution, heated 
almost to boiling. The red solution was allowed 
to remain in the reductor until it was completely 
reduced to the green stage and then run directly : 
into the flask containing ferric alum solution, 
through which nitrogen continuously passed. 
Any molybdenum remaining in the reductor 
was removed by successive washings with hot 
24 per cent. sulphuric acid. The contents of 
the flask were then titrated with standard 
permanganate. Blank experiments were always 
carried out and the necessary adjustments made. ", 
The accuracy of the method, which has been 
established by other investigators, is confirmed 
by the following typical results: Found: weight 
of MoO, in a given sample (a) by the gravi- 
metric method = 0°1318 gram, (b) by the s 
reduction method = 0°1320 gram. The result Ct 
in the case of the reductor method is calculated on the assumption 
that the reduced solution is tervalent, and this assumption appears 
to be justified. The stage of oxidation of the final red solution is 
given by the expression 6 — 3¢,/t,, where ¢, is the permanganate 
titre and ¢, the titration value of the same volume of the red 
solution after passing through the reductor. 

Degree of Oxidation Approximately 500 c.c. of the solution 
after reduction in the cell were allowed to react with sulphur 
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dioxide for twelve to fifteen hours, the reaction flask being immersed 
in a bath kept constantly at 90°. 


TABLE I. 
Concentration of molybdenum solution = 0-25 gram of molybdic anhydride 
per 100 c.c. 
Normality Of acid — ..es..ccccecoseees 2 2:75 4 7 10 15N 
Oxidation stage Mo,O,, where x = 3:78 3°89 4:04 4:26 433 4-20 


Concentration of molybdenum solution = 2:5 grams of molybdic anhydride 
per 100 c.c. 


Normality of acid ............se0006 2 5 7 10N 
Oxidation stage Mo,0,, wherex= 3°76 4-15 4-20 4-20 


The table clearly shows that the extent to which oxidation by 
sulphur dioxide occurs depends on the acid concentration. In acid 
of low concentration the stage where x = 4 is not reached, whilst 
in the more concentrated acid this stage is surpassed. However, 
in no case does the oxidation proceed to the quinquevalent con- 
dition. There is no evidence that the concentration of the molyb- 
denum materially affects the degree of oxidation. 

Composition of the Precipitate—The solid which separated out 
in the reaction between sulphur dioxide and the tervalent 
molybdenum solution mentioned above consisted of an intimate 
mixture of sulphur and a molybdenum sulphide. The colour of 
the deposit varied from dark brown to light brown, according to 
the amount of sulphur present. Chloroform extracted a large 
proportion of sulphur and left a dark brown powder which was 
practically insoluble in concentrated hydrochloric acid, only slightly 
soluble in warm, yellow ammonium sulphide, and contained molyb- 
denum and sulphur. After prolonged extraction of the powder with 
chloroform, analysis of the residue failed to give concordant results, 
probably owing to the difficulty of completely extracting occluded 
sulphur. ‘The residue was undoubtedly a sulphide of molybdenum, 
but not the trisulphide. 

Degree of Oxidation in Dilute Acids —Experiments were carried 
out with the tervalent molybdenum solutions in normal acid, and 
although the reaction with sulphur dioxide was apparently 
identical with that in acid of higher concentration, the results 
indicated the operation of some disturbing factor. The equilib- 
rium values obtained under similar conditions varied considerably 
in different experiments, and were not of the order one would have 
expected from a consideration of the results given in Table I. When 
the acid concentration was reduced to semi-normal, a quite different 
phenomenon was exhibited on passage of the sulphur dioxide. 
A large part of the molybdenum was precipitated during the 
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experiment as a black mud, which behaved chemically as a molyb- 
denum hydroxide, and is probably a mixture of MoO,,H,O and 
Mo(OH),. The final solution had a pale yellow colour, and 
although containing practically no molybdenum, it had an appre- 
ciable permanganate titre, the end-point being very indefinite. 
Only after long and vigorous boiling was the solution decomposed 
with deposition of sulphur. On boiling with dilute sulphuric acid, 
relatively large quantities of hydrogen sulphide were evolved. 
By addition of alkali, a small, greenish-brown precipitate was 
obtained, readily soluble in hydrochloric acid to a pinkish-brown 
solution, which on reduction with zinc acquired an olive-green 
colour. Apparently the solution contained thionic acids with a 
small quantity of molybdenum. 


Reaction of Hydrogen Sulphide with Tervalent 
Molybdenum Solutions. 


The reaction of hydrogen sulphide with tervalent molybdenum 
solutions receives mention in Miller’s “Inorganic Chemistry,” 
1878, p. 714, which states ‘‘ hydrogen sulphide slowly produces 
a brown precipitate of hydrated sulphide, soluble in ammonic 
hydric sulphide.” Beyond this, no further information seems 
available. Our own experiments show that hydrogen sulphide 
may be passed through a green tervalent molybdenum solution 
for two or three hours without producing any effect, but if this 
saturated solution be sealed in a flask, a black precipitate will 
separate in the course of a few days. Qualitative tests on the 
precipitated sulphide indicate that it is identical in its chemical 
reactions with the brown sulphide obtained in our oxidation 
experiments. Quantitative analyses indicate that it is a sesqui- 
sulphide of molybdenum with varying water content. 


Reaction of Sulphur with Tervalent Molybdenum Solutions. 


The green tervalent molybdenum solution was allowed to react 
with finely powdered, recrystallised sulphur in a flask through 
which a current of carbon dioxide was passing. Hydrogen sulphide 
was slowly evolved at the ordinary temperature and the green 
solution gradually turned brown. On immersing the flask in a 
bath of boiling water, hydrogen sulphide was evolved in consider- 
able quantity, the solution eventually turning red. This reaction 
is of interest as showing the powerful reducing properties of the 
green solution, No sulphide was precipitated in these experi- 
ments. Quadrivalent molybdenum solutions were not reactive 
with sulphur. 
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Reactions of Acidified Tervalent Molybdenum Solutions with 
Sodium Tetrathionate and Sodium Trithionate. 

Reference to recent literature on the stability of the polythionic 
acids gives many conflicting opinions. Riesenfeld and Feld (Z. 
anorg. Chem., 1921, 119, 225) state that in the presence of acid, 
of the three polythionic acids, tetrathionic acid is the least stable 
and decomposes relatively quickly into tri- and penta-thionic 
acids. Trithionic acid decomposes more slowly with formation 
of sulphur dioxide, whilst pentathionic acid decomposes only in 
the course of months, with separation of sulphur. Foerster and 
Hornig (Z. anorg. Chem., 1922, 125, 86) state that, of the poly. 
thionic acids and their salts, the tetrathionates are the most stable, 
the trithionates the most unstable, whilst the pentathionates 
occupy a mean position. Moreover, they state that a high con- 
centration of hydrogen-ion retards the decomposition of tetra- 
and penta-thionic acids, but not of trithionic acid. These facts 
are of especial interest, for it has already been stated that when 
sulphur dioxide reacts in dilute acid molybdenum solutions, there 
seems good reason to suppose that a formation of thionic acids 
occurs and that the solution is comparatively stable. We con- 
sidered, therefore, that the interaction of sodium tetrathionate 
and the reduced molybdenum solution might indicate whether our 
hypothesis was justified. 

Sodium tetrathionate was placed in the reaction flask and a 
tervalent molybdenum solution in 3N-sulphuric acid run in, when 
hydrogen sulphide was immediately evolved in the cold. The 
reaction was allowed to proceed for twenty-one hours in a current 
of nitrogen, which expelled the hydrogen sulphide as it was formed. 
A brown precipitate formed, insoluble in hydrochloric acid and 
only slowly dissolved by yellow ammonium sulphide. The pre- 
cipitate was not the outcome of reaction between the hydrogen 
sulphide and the green solution, for it has already been shown that 
a precipitate is only formed by saturating the solution with 
hydrogen sulphide and keeping it for a considerable time. Sodium 
tetrathionate treated with 3N-sulphuric acid is not reactive in 
the cold. Hydrogen sulphide is only evolved on vigorous boiling. 
The precipitated sulphide, therefore, appears to be a decom- 
position product of the initially formed molybdenum tetrathionate. 
The hydrogen sulphide evolved may have been due to the decom- 
position of this unstable tetrathionate or to the reduction of free 
tetrathionic acid by the tervalent molybdenum solution. It will 
also have been formed by the action of liberated sulphur on the 
green solution. It seems quite conceivable, therefore, that when 
sulphur dioxide is passed into the reduced molybdenum solution 
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an initial reduction to tetrathionic acid occurs. Such a hypothesis 

can account for the abnormal results obtained in dilute acid and 
for the production of a mixture of molybdenum sulphide and sulphur 
in the more concentrated acids. 

Sodium trithionate reacts similarly with the tervalent molyb- 
denum solution. However, experiments with trithionic and tetra- 
thionic acids have led us to the conclusion that tetrathionic acid 
is the more stable and we incline, therefore, to the view that the 
initial reduction product of the sulphur dioxide is tetrathionic 
acid. 

The Reducing Action of Sulphur Dioxide. 

One of the characteristic tests for molybdenum is the production 
of a blue colour when sulphur dioxide or hydrogen sulphide is 
passed into an acid solution containing sexavalent molybdenum. 
This coloration is due to the formation of molybdenum-blue, an 
oxide of the form Mo,0;,~MoO,. If, however, sufficient acid is 
present, no such reduction will be effected. Edgar (Amer. J. 
Sci., 1908, [iv], 25, 332) proposed to estimate vanadium in the 
presence of molybdenum by boiling the solution with sulphur 
dioxide in the presence of definite concentrations of sulphuric acid, 
whereby the vanadium would be reduced but the sexavalent 
molybdenum would be unaffected. In our experiments, a solution 
containing 2-5 grams of molybdic anhydride per litre of 2-5N- 
sulphuric acid gave a faint blue colour on treatment with sulphur 
dioxide for eight hours at 90°, but with higher concentration of 
acid no reduction was noted. Evidently reduction of sexavalent 
molybdenum solutions can be inhibited by the presence of sufficient 
sulphuric acid, the normality of which will depend on the con- 
centration of molybdic anhydride present. 

We then investigated the reaction of sulphur dioxide with 
solutions of molybdenum corresponding to stages of oxidation 
slightly higher and slightly lower than the quinquevalent condition. 
The following table presents a few typical results obtained with 
solutions containing 3 grams of molybdic anhydride per litre of 
sulphuric acid of definite acidity, which were reduced electro- 

lytically to definite stages and treated at 90° with a slow stream 
of sulphur dioxide. Ten c.c. of solution were used for each titration. 


TABLE II. 
C.c. of KMnO, ©-¢- of KMnQ,. 
Normality of required Initial Final Time in 
sulphuric acid. for MoV. value. value. hours. Remarks. 
A 2-1 1-9 1-9 12\ Molybdenum- 
1 2-1 1-9 1-9 24f/ blue formed 
1 2-1 2:15 2-15 24 No change 
3 3°8 4-30 4-30 40 - 


So aw AR ee 


978 WARDLAW AND SYLVESTER: THE OXIDISING PROPERTIES 


The above table clearly shows that solutions containing molyb. 
denum in the quinquevalent condition were unaffected by the 
passage of sulphur dioxide, whereas those with molybdenum corre. 
sponding to a slightly higher stage of oxidation gave rise to molyb. 
denum-blue. As the titrations did not vary before and after the 
reaction with sulphur dioxide, and as no sulphur was produced, 
it did not appear that oxidation had taken place. Solutions of 
the same concentration and titre as the first two solutions men. 
tioned above were heated for a long period in a current of nitrogen, 
and it was found that they also gave rise to molybdenum-blue, 
proving that the sulphur dioxide had no specific effect on the 
reaction. Undoubtedly the formation of molybdenum-blue in 
all cases was the outcome of the equilibrium which has been 
established for hydrochloric and sulphuric acid solutions containing 
molybdenum in the quinque- and sexa-valent conditions : 


Mo,0,,xMoO, + xH,O + 6HCl == 
2MoOCl, + 3H,O0 + 2H,MoOQ,. . . (lL) 


In solutions corresponding to a stage just above the quinque- 
valent, sexavalent and quinquevalent molybdenum are present, 
and in accord with the above equilibrium they will form molyb- 
denum-blue in greater or smaller amount, depending on the acid 
concentration. Molybdenum-blue is insoluble in 34 per cent. 
sulphuric acid, but in 56 per cent. acid it dissolves, giving rise to 
a yellow solution, whilst with 85 per cent. acid a green solution 
is obtained. In acid of high concentration we have found that 
yellow and green solutions are produced when sulphur dioxide 
reacts at 90° with molybdenum solutions at a slightly higher stage 
of oxidation than the quinquevalent. These effects are produced 
not by a specific action of the sulphur dioxide, but by the estab- 
lishment of the above equilibrium relationship (see Abegg, “‘ Anor- 
ganische Chemie,” IV, p. 627). 

In solutions representing a stage of oxidation below the quinque- 
valent stage, but greater than the maximum oxidation stage 
reached by reaction of the sulphur dioxide with tervalent molyb- 
denum, namely, Mo,O,.., no reaction with the sulphur dioxide 
was observed. 

Discussion of Results. 


A consideration of the titrations and the reactivity of the green 
and red solutions has led us to the conclusion that only when the 
vivid green colour is obtained in the reduction of acid molybdenum 
solutions is the tervalent stage attained. Moreover, on oxidation, 
this vivid green colour reverts to an olive-green, brown, and then 
red, as shown by the reactions with sulphur dioxide and air. It 
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seems, therefore, that the red solution mentioned by Chilesotti 
js not in the tervalent condition. 

From the results of the investigation, two facts stand out 
prominently. First, the degree of oxidation by sulphur dioxide 
of a tervalent molybdenum solution is dependent on the acid 
concentration. Secondly, under the most favourable conditions 
of acidity, the oxidation only proceeds to a stage represented 
approximately as Mo,O,... Chilesotti (loc. cit.) has shown in 
connexion with the molybdenum chlorides that in the reduction 
from the sexavalent stage the only distinct stages shown are those 
of the quinquevalent and tervalent compounds. It seems justifi- 
able to assume that the sulphates will in all probability follow a 
similar course and on this conception the stage Mo,O,.. is the result 
of the presence in the solution of certain proportions of tervalent 
and quinquevalent molybdenum. Moreover, the limited oxid- 
ation of tervalent molybdenum seems to point to the possibility 
of an equilibrium being established between the sulphates corre- 
sponding to these two stages. Although in the oxidation process 
precipitation of molybdenum sulphide occurs in addition to sulphur, 
the equilibrium reaction would be best expressed by the equation : 
Mo,(SO,), + SO, + 2H,SO, == Mo,(80,); +S8+2H,O . . (2) 
Such an equation indicates the favourable influence of acid con- 
centration on the degree of oxidation. On the other hand, neither 
sulphur nor sulphur dioxide has been shown to reduce molybdenum 
sulphate solutions corresponding to a degree of oxidation greater 
than Mo,O,.. and less than the quinquevalent stage. This pheno- 
menon is entirely analogous to that exhibited by the iron phosphates 
in their reactions with sulphur dioxide (T., 1920, 117, 1241), and 
an explanation similar to that given there seems applicable to 
the present case. Undoubtedly the non-reducibility of molyb- 
denum sulphates, whether in the sexavalent condition in the 
presence of sufficiently concentrated acid or between the stages 
of oxidation represented by Mo,O,.. and Mo,0;, is due to the 
presence of stable complexes which on ionisation give rise to 
complex anions containing the molybdenum. Nevertheless, it is 
quite conceivable that at the moment of its formation by oxidation 
of the tervalent molybdenum with sulphur dioxide, the quinquevalent 
molybdenum sulphate, before being taken up in the form of a com- 
plex, may be reactive with the finely divided sulphur or the sulphur 
dioxide, the equilibrium relationship being thereby established. 

In dealing with molybdenum sulphate solutions containing 
molybdenum corresponding to stages between Mo,0; and MoOsg, 
the action of the sulphur dioxide is not specific, as such solutions 
form molybdenum-blue in accord with equation (1). 
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Summary. 

1. Sulphur dioxide oxidises solutions of tervalent molybdenum 
in sulphuric acid to stages intermediate between the ter- and 
quinque-valent conditions, sulphur and a molybdenum sulphide 
being precipitated. 

2. The degree of oxidation increases with increasing acid concentra. 
tion, the maximum oxidation stage being approximately Mo,Q,.,. 

3. Sulphur dioxide does not reduce sulphuric acid solutions of 
molybdenum corresponding to stages between Mo,O,.. and Mo,0,. 

4. Sulphuric acid solutions of molybdenum corresponding to 
stages slightly greater than Mo,O;, when treated with sulphur 
dioxide, give rise to molybdenum-blue. This result is not a specific 
effect of the sulphur dioxide, but the realisation of the equilibrium 
shown in equation (1). 

5. The reduction of molybdenum in the sexavalent condition 
by sulphur dioxide is inhibited by the presence of sufficiently 
concentrated sulphuric acid. 

6. Tervalent molybdenum solutions in semi-normal sulphuric 
acid react differently with sulphur dioxide, tetrathionic acid 
probably being produced. 

7. A simplified reductor method for the estimation of molyb- 
denum is described. 


In conclusion, we wish to express our thanks to the Department 
of Scientific and Industrial Research for a grant to one of us 
(N. D. S.) which has enabled this investigation to be carried out, 
and to the Chemical Society for a grant towards the purchase of 
some of the materials. 
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CXII.—The Morphine Group. Part I. A Discussion 
of the Constitutional Problem. 


By Joun Masson GuLLAND and RoBert ROBINSON. 


LARGELY on account of the migration phenomena encountered in 
the study of this group of alkaloids, the morphine puzzle has 
absorbed the interest of many chemists in two generations, and 
in the case of no other natural product have so many different 
constitutional formulz been proposed or such a volume of experi- 
mental work, directed to the elucidation of constitution, recorded. 
It is therefore only because the present authors are convinced 
that insufficient attention has been paid to certain aspects of the 
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subject that they venture to advance still another suggestion. 
denum The present communication is intended to be the introduction to 
r- and Ma series of experimental investigations, and is explanatory of a 
Uphide § yorking hypothesis which we have adopted as the result of a review 
of the whole subject. 
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_ §{In order to provide a basis for discussion, formula (I) may be 
uric # assumed to represent a possibly hypothetical dihydrocodeine, 
acid Hind the various structural elements in this expression call for 

brief examination. The phenanthrene skeleton, the tertiary 
lyb- f NMe- group attached to a chain of two atoms not included in the 
phenanthrene nucleus, the aromatic character of the upper benzene 
nucleus, the position of the alcoholic hydroxyl and methoxyl 


ent . 

us | S0Ups, and the existence of an ether-bridge have all been proved 
ut, § %tsome stage or other of the work of Vongerichten, Knorr, Pschorr, 
: of Freund, and others. There is, however, an element of ambiguity 


in regard to all other points involved, although we believe that the 
case for the assumption that (I) is derived from codeine by the 
addition of two hydrogen atoms is an almost unanswerable one. 
The first question is the position of the oxygen bridge, and the 
arguments which can be used to support the usual view expressed 
in formula (I) are the following : 
- (1) Attachment of oxygen to 4 * is certain, hence further attach- 
ment to 5 is the most natural assumption on stereochemical grounds. 
(2) Codeine may be degraded to methylmorphenol (II) by simple 
: processes and the constitution of morphenol is proved by its con- 
“7 version on fusion with potassium hydroxide into 3 : 4 : 5-trihydroxy- 
° phenanthrene, the trimethy] ether (ITI) of which has been synthesised 
: by Pschorr.t (3) The stability of the oxide ring towards reducing 


* Reference is made to the various positions, numbered as in formula (I) 
by means of simple numerals; for example, 6 instead of position 6 or “ the 


carbon atom in position 6.” 
+ A bibliography of relevant literature bearing directly on the morphine 


problem is appended. 
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agents is very much diminished when a keto-group appears at § 
as in codeinone. This clearly indicates attachment of oxygen of 
the ether link to 5 or 7, and of these the latter presents no advantages 
whatever. 

The attachment of the nitrogen atom to 9 follows from the 
results obtained by Knorr on the methine derived from hydroxy. 
codeine and by comparison with other alkaloids and phenanthrene 
bases (glaucine, bulbocapnine, dicentrine, laurotetanine, etc.) of 
proved and analogous constitution. The point of attachment of 
the 2-carbon chain, which, it may be remarked, cannot have the 
ethylidene arrangement ~NMe-CHMe,, to the phenanthrene nucleus 
is the most controversial point included in the expression (I), 
Indeed in the greater number of morphine formule suggested in 
recent years the example of Knorr has been followed and 15 has 
been joined to 5. Nevertheless, the proof given by Pschorr of 
the constitution of apomorphine and of morphothebaine (IV) must 
be taken into account and in addition the relation of morphine, 
codeine, and thebaine to the bases which accompany them in the 
plant. In this connexion, particular attention may be directed 
to the alkaloid isothebaine, which has formula V, in which the 
only doubtful features are the positions assigned to the hydroxy! 
and methoxyl groups. This base occurs in the root of Papaver 
orientale after the period of blooming and withering of the aérial 
parts. During the time of vigorous growth of the plant, however, 
thebaine is the only alkaloidal constituent which can be isolated. 
It has been inferred that thebaine is actually converted into 
isothebaine, and as the latter substance is proved to belong to the 
aromatic phenanthrene group and to have a carbon atom of the 
side chain linked to 8, it is clear that thebaine should be similarly 
constituted. 
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2 
For the above reasons, we consider it very probable that (I) 
represents codeine plus two hydrogen atoms and although, as has 
been indicated, this conclusion is by no means based on decisive 
experiments, it must be admitted that the assumption is in harmony 
with the broad lines of the chemistry of these alkaloids and is 
especially attractive if weight is attached to the argument connected 
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yith their natural occurrence side by side with bases of proved 
igquinoline structure. The chief reason why the fundamental 
basis afforded by this expression has been abandoned by many 
investigators is that it was supposed to be impossible to use it to 
develop a satisfactory formula for codeine, and it is the purpose 
of the present communication to remove this objection. The 
further problems which confront us are the determination of the 
manner in which the codeine formula is to be evolved from (I) by the 
removal of two hydrogen atoms, and the consistent explanation 
of the remarkable transformations which have been observed in 
this group with the aid of the expression so deduced. In the 
first place, it seems certain that codeine does not contain an ethylene 
linkage. The ultimate failure of the Pschorr formula was due to 
the fact that the morphine chemistry could not be explained on 
the basis of a structure derived from (I) and containing a double 
bond and even when the -CH,*CH,:NMe: chain is attached to 5 as 
in the Knorr formula there are grave disadvantages attached to 
every possible position for a double linking. These arise chiefly 
in regard to the relations of the isomeric methylmorphimethines, 
but the point need not be laboured, as there is positive evidence 
available that codeine contains an alicyclic bridge. Freund, 
Melber, and Schlesinger have prepared two isomeric tetrahydrodeoxy- 
codeines in regard to both of which the following statements are 
true. (1) The alcoholic hydroxyl is replaced by hydrogen. (2) 
Two hydrogen atoms are added at the oxygen bridge because these 
substances are phenolic in character. (3) These reduced deoxy- 
codeines are tertiary bases, and therefore the C-NMe link is not 
broken. The «-form results when deoxycodeine (or «- or 8-chloro- 
codide) is first reduced electrolytically at a lead cathode and the 
dihydrodeoxycodeine then treated with hydrogen in presence of 
palladium. The 8-isomeride is obtained by the reduction of 
deoxycodeine hydrochloride by means of hydrogen in presence of 
palladium in aqueous solution. 
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These results are with reason attributed by Freund and Speyer 
to the breaking of the bridge-ring system of codeine in two 
directions as shown in formule VI for codeine and VII and VII 
for the isomeric tetrahydrodeoxycodeines. A second example 
of isomerism which must be due to the fission of the bridge-ring 
in two directions is dealt with in Part IT of this investigation (p. 998), 
A further strong argument tending to prove the non-existence of 
a double bond in codeine is derived from the fact that the ketone 
codeinone can be obtained from the secondary alcohol codeine by 
oxidation with potassium permanganate in acetone solution. It 
is difficult to believe that this could be the case if codeine were 
unsaturated, and, moreover, in addition to codeinone, the chief 
product of the oxidation of codeine is a hydroxycodeine in which 
the new hydroxyl group occurs at 9 or 10, very probably 10, and for 
other reasons it is certain that the carbon atoms in these positions 
are saturated. Finally, in this connexion, it may be noted that the 
behaviour of thebaine towards ozone shows that this base, C,,H,,0,N, 
is attacked by the reagent at one point only, since it is converted 
into an aldehyde or ketone, C,)H,,0;N, termed thebaizone, which 
appears to be the methyl ester of a carboxylic acid. Thebaine 
is thus oxidised at the ethylene linkage or readily ruptured bridge 
which is produced in that enolic or other tautomeric form of codeinone 
of which the base is the methyl ether. In view of the close relation 
of thebaine to codeine, as proved by the hydrolysis of the former 
to codeinone and methyl! alcohol, it may be inferred that what 
may be called the codeinoid unsaturation is of the polycyclic type. 
The researches of Freund on the oxidation of thebaine to hydroxy- 
codeinone and on the attempted reduction of phenyldihydrothebaine 
lead to the same conclusion. 

The next stage in our inquiry is to attempt a decision as to the 
position of the new ring which it is clearly necessary to introduce 
into the structure (I), and it is at this point that we wish to lay 
stress on a consideration to which, in our opinion, quite insufficient 
weight has been hitherto attached. Of the reactions encountered 
in the study of the chemistry of morphine and its allies none 
are more remarkable and surprising than those in which an 
aromatic phenanthrene system and an aminoethanol derivative are 
simultaneously produced. It is generally recognised that these 
degradations involve the break of a carbon-to-carbon union, and 
they occur in various types of morphine derivatives. It is not 
merely a case of a singular reaction occurring in one or two particular 
substances; the process is so common that its cause must be sought 
in some general property of the morphine structure. The driving 
force behind the change is doubtless the tendency to produce an 
aromatic nucleus, because the extrusion of the side-chain is never 
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observed independently of the formation of the true phenanthrene 
derivative. But the obvious consequence has not previously been 
stated. The formation of the aromatic phenanthrene derivative 
cannot take place for structural reasons unless the ethanamine side- 
chain is displaced in favour of a hydrogen atom or hydroxyl group. 
Actually the displacement is normally in favour of a hydrogen atom. 
It is equally clear that the only structural condition which could 
inhibit aromatic ring formation is that the side-chain is attached 
toa quaternary carbon atom, one of those (13, 14) which are shared 
by two nuclei in the resulting phenanthrene derivative. An 
analogous case is that of abietic acid, which always loses a methyl 
group when it is converted into retene. The explanation in this 
example is accepted that the methyl group is attached to one of 
the carbon atoms common to two rings, but unaccountably the same 
deduction has not been drawn in relation to morphine and none of 
the current formule for the substance satisfies the above require- 
ment. Applying it, we find that the bridge must be 8-15-13 or 
8-15-14. It cannot be 8-15-5, because Knorr and Pschorr 
have observed degradative formation of phenanthrene derivatives 
in the case of methylthebainonemethine, and in this substance the 
oxide ring is broken and both 5 and 8 bear a hydrogen atom. If 
the bridge were 8-15-5, we should here have loss of the side chain 
without the alleged compelling reason and an explanation other 
than that now advanced would have to be found. That the position 
of the C-C-N chain presents an obstacle to the formation of a true 
aromatic ring follows also from the stability of hydroxythebainone. 
If this substance had the constitution (IX) assigned to it by its 
discoverers, it should pass into an aromatic compound such as 
morphothebaine (IV) with facility, and yet it is prepared from 
hydroxycodeinone by the action of a solution of stannous chloride 
in concentrated hydrochloric acid in a sealed tube at 100°. In 
agreement with these views, the alternative expressions for the 
constitution of codeine are X and XI and it will be convenient 
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to discuss, in the first place, the explanation of the transformations 
of this group of bases with the aid of the pinene-like formula X. 
The Isomerides of Morphine and Codeine—The relation of 
morphine and codeine with their halide derivatives and isomerides 
is illustrated in the following tables. The names given in brackets 
are not employed in the text. 
(i) 


Bromomorphide —> Bromocodide 


nl dil. | HAc ee 
Y — 


Morphine a-is0Morphine B-isoMorphine +-isoMorphine 
D -> (neoisomorphine) 
Ha | oe, Nai, Hac rn. el 
B-Chloromorphide a-Chloromorphide 
els | 
HCl 


B-Chlorocodide a-Chlorocodide 
(ii) 


Morphine a-isoMorphine B-isoMorphine y-isoMorphine 
| ’ ’ 
’ Y 
Codeine zsoCodeine allo-y-Codeine ~-Codeine 
(a-7socodeine) (B-isocodeine) (neotsocodeine) 
a a 
Codeinone y-Codeinone 
| 
3: 4: 6-Trimethoxyphenanthrene 3 : 4: 8-Trimethoxyphenanthrene 
(iii) 
Bromocodide 
T | dil, HAc ® 
gle “2, 
Ree 
Codeine ztsoCodeine allo-~-Codeine y-Codeine 
x dil, HAc A : ~~ tea 
ail PCl 
%, \ vA eae e ae": , 6 
eee ee \ 
B-Chlorocodide a-Chlorocodide w-Chlorocodide 
sis HCl 


It has been abundantly proved that the alcoholic hydroxyl in the 
stereoisomeric pair, codeine and tsocodeine, is at 6, whilst allo- 
y-codeine and y-codeine, also stereoisomerides, are structurally 
different from codeine and have a secondary alcoholic group at 8. 
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PART I. 


It is not known to which of the two series the various halogeno- 
morphides and -codides belong. The tables show how often it is 
necessary to recognise the migration of hydroxyl from an «- to a 
yposition and it will be noticed that the transformation can be 
reversed. In searching the literature for analogies, we encountered 
several cases of a very similar nature, and perhaps the best known 
of these concerns the relations of geraniol (XII) and linalool (XIII). 
(XIL) Me,C:CH-CH,°CH,°CMe:CH-CH,"OH 
(XIII.) Me,C°CH-CH,°CH,°CMe(OH)-CH-CH, 
These alcohols are interconvertible in several ways. Linalool 
may be obtained from geraniol by heating with water at 200° 
under pressure, by hydrolysing the chlorides obtained from geraniol, 
and by passing steam into an aqueous solution of geranyl hydrogen 
phthalate. On the other hand, linalool may be converted into 
geraniol by hydrolysis of the products of the action of hydrochloric 
acid, by treatment with half a per cent. of sulphuric acid in acetic 
acid solution, and best of all by means of acetic anhydride, which 
produces geranyl acetate. The molecular changes involved in 
these reactions are illustrated in the scheme : 


On the partial valency cycle theory of intramolecular re-arrange- 
ment this example belongs to the considerable group (including 
the Beckmann change) which involves a four-ring intermediate 
stage. The conversion of codeine into y-codeine (XIV) can be 
quite analogously represented and the intermediate stage is given 
in the part-formula (XV) for purposes of comparison. It is a 
decided advantage of the bridge formulation of codeine (X) and 
the attachment of the bridge carbon to 8 that we are thus able 
to represent this characteristic wandering of oxygen as an inter- 
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Both the codeine and y-codeine structures can be set up on models 
of the Engler type and are found to be relatively unstrained 
arrangements. On inspection, it is seen that the formation of 
jsocodeine (6—OH series) from y-codeine through 8-chlorocodide 
is most readily explicable if it is assumed that the hydroxy] and 
the bridge are in trans-relation in codeine. The argument of 
Knorr that codeine and y-codeine must have the same carbon 
skeleton because they may be converted into one and the same 
deoxycodeine has little weight, since the deoxycodeine is not 
obtained directly but through the halogeno-codides. Obviously 
a transformation of the more labile into the more stable series js 
not excluded and it would appear from this evidence that such 
a change does, in fact, occur during the formation as well as during 
the hydrolysis of the halogeno-codides. 


The Isomeric Methylmorphimethines. 


These substances are obtained by the decomposition of the 
codeine methohydroxides, and each of the codeines gives rise to a 
distinct methylmorphimethine. Those derived from codeine and 
isocodeine may be converted into isomerides by the action of 
alcoholic alkali and in other ways, whereas those derived from 
allo-y-codeine and w-codeine are not convertible into isomerides. 
It is very important to note that none of the methylmorphimethines 
can have more than one benzene ring because they are all un- 
saturated and the formula X is the first codeine formula to be 
proposed which offers an explanation of this fact. The occurrence 
of a second aromatic nucleus is, of course, inhibited by the attach- 
ment of the side chain to 13. The following table exhibits the 
relations and nomenclature of the six methylmorphimethines. 


Methohydroxide from 


Codeine zsoCodeine allo--Codeine y-Codeine 
Vv Vv v v 
a. i ¢- €- 
Y Y 
B- 5-Methylmorphimethine. 


It has been clearly proved that the hydroxyl group in «.-, £-, y-; 
and 5-methylmorphimethines is at 6 and in the «- and {-isomerides 
at 8. The codeine formula (X) allows the change of « into @ and 
y into 8 to be explained in a simple manner as shown in the formule 
XVI and XVII for the «- and 8-isomerides, respectively. 
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CH 
ne i Po 
cH | CH cH | 6 H | GH* . 
| ¢8-|—CHyNMe, | Cr ||—CH,NMe, | /8-|—CH,'NMe, 
HOCH ~CH HO-CH CH CH CH-OH 
a ‘a it 
CH, CH, CH, 
(XVI.) (XVII.) (XVIII.) 


« and ¢-Methylmorphimethines receive the formula XVIII and 
the stability of these substances towards alcoholic potassium 
hydroxide is easily understood when it is considered that the more 
unstable bridge link is removed in this expression from the double 
bond and the tendency to form a conjugated system of two ethylene 
linkages has little scope. Examples culled from the terpene 
group show that a bridge breaks down with especial facility when 
in so doing it can directly produce a conjugated system. The 
formation of carvenone from carone, carvotanacetone from thujone, 
and eucarvone from carvone hydrobromide may be cited in this 
connexion. If, however, the bridge is connected to a carbon atom 
in the «-position with respect to a carbonyl or ethylene group, 
a conjugated system is not formed, because the «-carbon is negative 
and the 8-atom positive. This point is illustrated in the schemes : 


ae CH; BS 7 
Jor C-OH HN ee 
. . \ N 
CH CH, a, cH, “CH cH CH, CH 
a! | ~ ‘ | | —> re 
CH, CH, Cou, =o dad H, CH, 
N\t7 rg S\es ‘of 
C V-OH C ¢-OH 
Pr Pr Pré Pr? 
Sabinene. 1: 4-T'erpin. Thujene. T'erpinenol. 
<7 oS Ne A. 
MeC , CH, MeC:OH CH, 
| CMe, | — | | 
-CH CH CH, CH-CMe,°OH 
\oH,/ Non, 
Pinene. Terpin. 


The ease with which a double bond is formed in the conjugated 
position to an unsaturated group by a break away from the 
8-position and not from the «-position is analogous to the ready 
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decomposition of hydracrylic acid and the stability of lactic acid, 
From the above it will be seen that in the «- and y-methylmorphi. 
methines we have the ideal conditions for the break of the bridged 
ring which is favoured both by the tendency to form a conjugated 
system and by the considerations connected with polarity. It 
may be remarked that we should expect «-methylmorphimethine 
to be more stable towards acids than the ¢-isomeride, because 
in the former substance the hydroxyl group and the hydrogen atom 
marked with an asterisk in formula XVIII are in trans-relation. 
As a matter of fact, derivatives of allo-y-codeine have been little 
investigated. 


The Degradation to Morphol Derivatives. 


This fission takes place under a variety of conditions and the 
basic side chain is removed in various forms, which include dimethyl- 
aminoethanol and its acetate, dimethylaminoethyl ether, and 
tetramethylethylenediamine. The last substance results from the 
addition of dimethylamine to vinyldimethylamine. A _ single 
example will suffice and the stages represented are, of course, 
hypothetical and designed to show that formula X provides a 
natural explanation. The point which is stressed is the compulsory 
removal of the ethylene side chain in order that the aromatic ring 
may be formed. A by-product of the reaction chosen is the acetyl 
derivative of 8-methylmorphimethine. 


MeO/ . 
er 
ave iy 4\\7 
AcO:CH | C 
| CH:-||—CH,*NMe, 
AcO‘CH CH 
‘A 
2 
MeO ‘ if 
| GH ‘Ac 
CH CH — 2a ‘ 
rete tie + AcO-CH,“CH,*NMe, ( . 
c0- 
GH, 


a-M 


itom 
tion. 
ittle 


the 
hyl- 
and 

the 
ngle 
Irse, 
a8 a 


sory 
ring 
etyl 


PART I. A DISCUSSION OF THE CONSTITUTIONAL PROBLEM. 991 


Production of Morphenol from Methylmorphimethine 
Methohydroxides. 


The state of oxidation of a tertiary base is increased by its 
conversion into a methohydroxide, and the methylmorphimethine 
methohydroxides are, for this reason, able to change to an aromatic 
phenanthrene without the opening of the oxide ring. The following 
is self-explanatory : 


MeO % McO/ \ 
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apoMorphine and Morphothebaine. 


The severance of the 8-15-binding leading to the formation of 
non-nitrogenous phenanthrene derivatives is experimentally readily 
recognised, because the products are not basic and often are 
easily separated and purified. In many cases, however, there has 
been observed the production of phenanthrene bases and_ this 
is due to the breaking of the union of 15 to 13. The reason for the 
elimination of the ethylene group is then non-existent. The 
formation of morphothebaine from codeinone by the action of hot 
concentrated hydrochloric acid furnishes one of the smoothest 


known processes of this kind and the production of apomorphine 
MM2 
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from chlorocodide, for example, is an entirely similar reaction. 
The former case may be chosen as an example : 


MeO/ S MeO’ 5 
A\/\ _ 
oO Hy | GH, 
Cc CH —» Cc cH —> (QV) 
cif | ie NMe HOH Y NMe 
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hs ee CO CH CH, 
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Codeinone. 


T hebenine. 


This base is formed by the action of hot dilute hydrochloric 
acid on thebaine, or the first product of its hydrolysis, namely, 
codeinone, and from y-codeinone by a similar method. It has 
been conclusively proved by Pschorr to have the formula XIX 
(R = CH,°CH,*NHMe) and therefore it is remarkable that it should 
be obtainable both from codeinone (CO at 6) and y-codeinone 
(CO at 8), especially since the reaction is facile in the former case 
and somewhat difficult to bring about in the latter. There are 
only two conceivable explanations whatever the constitution of 
morphine may be. Either oxygen wanders and this is very unusual 
in the case of oxygen of a carbonyl group, or the lower ring revolves 
about 180° at some stage. We take first the formation from 
y-codeinone in which the oxygen is already in the correct position. 
There are two ways in which blocked hydroaromatic substances 
having a suitable state of oxidation are known to pass into aromatic 
compounds. One is by displacement of a group from the molecule 
altogether and the other, almost as common, is by the wandering 
of a group to an adjacent carbon atom. We believe that the 
formation of thebenine involves such a migration and formula X 
for codeine leads to an explanation of the reaction for which there 
are many analogies. The following will serve to illustrate this 


point : 
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(von Auwers and Ziegler, Annalen, 1921, 425, 217). 
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(Crossley and Le Sueur, T., 1902, 81, 827, 1533). 


The stages in the production of thebenine can be represented in 
the following manner (R = ‘CH,*CH,"NHMe) : 
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The molecular rearrangement is of the isoborneol-camphene type. 
Probably the difficulty experienced in the conversion of y-codeinone 
into thebenine is connected with the initial stages, because the 
bridge in the y-series is, in other reactions, more difficult to break 
than in the codeine series. 

In the formation of thebenine from codeinone (thebaine) we 
may, of course, assume a similar mechanism plus migration of 
oxygen from 6 to 8 and in this respect formula X for codeine 
labours under no disadvantage from which other formule are free. 
The following mechanism seems, however, more probable and we 
put it forward with the reservation that the acceptance of this 
detail is not essential to our case. 
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If this is correct, the two schemes given are related in that the 
group R prefers to migrate to that adjacent carbon atom which 
is most remote from the carbonyl group. A careful examination 
of the whole of the literature relating to morphine and its allies 
has not disclosed any facts which are not in harmony with formula 
X for codeine, nor any which demand a special explanation, as 
in the case of thebenine. 

The problem of thebainone is considered in Part II. Having 
now reviewed the facts on the basis of formula X, it remains to 
consider whether the alternative XI is equally satisfactory as a 
summary of the relations of these alkaloids. In our opinion, 
this is not so, although the arguments are not of a decisive character. 
If XI represents the molecule of codeine, y-codeine would be a 
cyclopentane derivative and the difference in stability of the ring 
systems should be considerable, so that the reversibility of the 
codeine-y-codeine transformation presents a difficulty. The 
isomerisation of «- and y-methylmorphimethines would not receive 
a very natural explanation and there would be no apparent reason 
why the «- and ¢-isomerides are unattacked by alcoholic potassium 
hydroxide. The formation of thebenine from codeinone would 
necessarily involve rotation of the lower ring, and from w-codeine 
it would involve rotation and wandering of oxygen as well. For 
these reasons, we propose formula X as being, in all probability, 
the best representation of the constitution of codeine. Thebaine 
is the methyl ether of a tautomeric form of codeinone and on the 
basis of the codeine constitution now brought forward several 
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alternatives call for consideration. It is hoped that the matter 
will be discussed in detail in a future communication, but it may 
be stated now that we regard thebaine as dehydrocodeine methyl 
ether, in the molecule of which the carbon atoms at 6 and 14 are 
directly connected by a bond. This conclusion has been drawn 
mainly as the result of a study of hydroxycodeinone, a base prepared 
by Freund by the oxidation of thebaine with hydrogen peroxide. 
The formulz proposed hitherto as symbols of the behaviour of 
hydroxycodeinone and its derivatives have all contained the 
group ~CH(OH)-CO- in spite of the fact that it reduces neither 
Fehling’s solution nor ammoniacal silver nitrate and cannot be 
converted into an osazone. If the hydroxyl group is not situated 
in the «-position with respect to carbonyl, it is equally certain that 
hydroxycodeinone and hydroxydihydrocodeinone are not 6-hydroxy- 
ketones, because they are very much too stable and exhibit no 
tendency to lose the elements of water. Similar arguments can 
be cited to show that the only tenable hypothesis is that this 
oxidation product of thebaine is 14-hydroxycodeinone and this 
leads to the unexpected and remarkable thebaine formula which 
has been indicated above. Inspection of the models shows that the 
arrangement is not particularly strained, although more so than 
in codeine, and that carbon atoms in the alicyclic portion of the 
molecule occur at seven of the corners of a cube. A further 
interesting point is that the benzene ring is constrained and most 
naturally assumes the boat-shaped configuration recently suggested 
by Sir William Bragg as the probable arrangement existing in the 
crystal molecules of aromatic compounds. Finally, it may be pointed 
out that the pinocean formula for morphine is in reality a modi- 
fication of Pschorr’s original “ pyridine’ formula, and although 
we refrain from using the fact as an argument, a proceeding which 
would be an inversion of the logical order of development, it could 
have been printed without any modification of the text in place of 
the Pschorr formula in the scheme developed by one of us to 
represent the genetic relationships of the isoquinoline group of the 
alkaloids. It is merely a question of the direction of elimination 
of one molecule of water so as to produce a bridge instead of a 
double bond. The experimental work on which we are engaged 
in connexion with this subject is designed to provide crucial tests 
of the suggestions now advanced and is greatly facilitated by a 
generous gift of material from Professor W. H. Perkin, to whom 
we tender our warmest thanks. In collaboration with Dr. C. F. 
van Duin, one of us is also attacking the problem of the constitution 
of neopine, a rare opium alkaloid discovered by T. and H. Smith, 
and investigated by Dobbie and Lauder. This base was_known 
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only as a gum which yielded a crystalline hydrobromide and jt 
was thought to be a hydroxycodeine. Dr. van Duin has luckily 
succeeded in crystallising the substance and it is a new isomeride 
of codeine. We are greatly indebted to Messrs T. and H. Smith for 
a supply of this unique material and for the trouble which they have 
taken in preparing it in a state of purity. 


Summary. 


A new formula for codeine (morphine methyl ether) is suggested, 
the main stages in the argument being the following : 

1. Codeine is not unsaturated but contains a bridged ring. 

2. The position of the bridge is deduced from (a) degradation 
of morphine or codeine to apomorphine and of codeine or thebaine 
to morphothebaine, (b) the relation of the morphine group to 
other opium alkaloids, (c) the consideration that in the decom. 
positions leading to non-nitrogenous aromatic phenanthrene 
derivatives the breaking of a carbon-to-carbon union occurs because 
the point of attachment of the ethanamine chain offers a structural 
obstacle to the formation of aromatic nuclei. 

3. The formula so deduced provides a natural explanation of the 
codeine--codeine transformation, the isomerisation of «- and 
y-methylmorphimethines, the production of methylmorphol, 
morphenol, morphothebaine, etc., in the course of various degrad- 
ations. 

4, Thebenine is regarded as owing its production from codeinone 
and y-codeinone to a molecular rearrangement analogous to that 
of isoborneol into camphene. 

5. A conceivable alternative constitutional formula accommodating 
the condition mentioned in (2, c) is found to be not so satisfactory 
a summary of the chemistry of morphine and its derivatives as 
that which is adopted. 
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CXTII.—The Morphine Group. Pari II. Thebainone, 
Thebainol, and Dihydrothebainone. 


By Joun Masson GuL~Lanp and Rosert Rosinson. 


THEBAINONE is an isomeride of codeine which was first prepared 
by Pschorr, Pfaff, and Herrschmann (Ber., 1905, 38, 3160) by the 
reduction of thebaine by means of stannous chloride and hydro- 
chloric acid at 100° and subsequently by Knorr (ibid., 3171) by the 
application of a similar method to codeinone. It is derived from 
codeinone by the addition of two atoms of hydrogen, and the 
general character of the substance is readily deduced because the 
tertiary base is also a phenolic ketone, which has a pale yellow 
colour and dissolves in water to an intense yellow solution, whilst 
in alkalis it yields an orange solution. These properties recall the 
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behaviour of salicylideneacetophenone and there can be little doubt 
that thebainone is an «f-unsaturated ketone. 

Evidently the production of the substance from codeinone involves 
the opening of the oxide ring by reduction and simultaneously the 
bridged system is broken with formation of an ethylene linkage. 
On the basis of the formule proposed in the preceding communic- 
ation, codeinone (I) could undergo this transformation in two con- 
ceivable directions and thebainone might have either of the 
structures II and III. The + — signs in the codeinone formula 
are intended to indicate an explanation of the reducibility of the 
oxide ring in this substance. 


Meo/” N Meo/ ‘ Meo’ » 
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Knorr and Pschorr (Ber., 1905, 38, 3172) have, however, shown 
that methylthebainonemethine may be degraded to dimethyl- 
morphol, and consistently with the arguments advanced in Part I 
we must therefore prefer the constitution II, because III provides 
no explanation of the loss of the ethanamine chain in the course 
of the formation of the aromatic nucleus. When thebainone is 
reduced in aqueous solution by means of sodium amalgam, the 
orange colour of the liquid is gradually discharged and a dihydro- 
derivative is obtained. This substance was first prepared by 
Pschorr (loc. cit.) and regarded by him as the secondary alcohol 
corresponding to thebainone and hence named thebainol. It was 
crystallised from methyl alcohol and melted at 50—54°; the crystals 
contained solvent of crystallisation, but were dried before analysis. 
We have had no difficulty in preparing this product, but by crystal- 
lisation from dry ether have also obtained pure thebainol in colour- 
less prisms melting at 135—136°. No proof of the secondary 
alcoholic character of thebainol was advanced by Pschorr, and the 
substance is in reality a ketone yielding a semicarbazone melting 
at 215—216°. Thebainol is therefore derived from thebainone by 
addition of two hydrogen atoms to the double bond and should 
have the constitution IV. An isomeride of thebainol has been 


prepared by Freund, Speyer, and Guttmann (Ber., 1920, 53, [B], 
MM* 2 
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2250) and in a purer condition by Skita, Nord, Reichert, and Stukart 
(Ber., 1921, 54, [B], 1560) by the reduction of thebaine in acetic acid 
solution by hydrogen in presence of palladium or platinum. This 
ketone melts at 137—-138°, but it is levorotatory, whereas thebainol 
is dextrorotatory. Its semicarbazone melts at 225—226°, and a 
mixture with thebainol semicarbazone at about 205°. The two 
substances are quite distinct. The compound has unfortunately 
been called dihydrothebainone, although its relation to thebainone 
has never been proved in any way and in our opinion is non-existent. 
We propose, however, to retain for the present the misnomers 
thebainol and dihydrothebainone in order to avoid confusion, but 


at some later stage it may be desirable to replace the name thebainol | 


by dihydrothebainone and dihydrothebainone by dihydroiso. 
thebainone. Dihydrothebainone is a tertiary basic, phenolic 
ketone. The phenolic hydroxyl must be at 4 and the carbony! 
group at 6, so that the isomerism with thebainol can only be ex- 
plained by the assumption that the bridged system has been broken 
down in each of the two conceivable directions and dihydro- 
thebainone must have the constitution V. The possibility that 
thebainol and dihydrothebainone are stereoisomerides has not been 
overlooked, but the hypothesis does not appear to offer any con- 
sistent explanation of the facts. 
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This case of isomerism would be inexplicable if codeine contained 
one and thebaine two double bonds and the relation of thebainol 
to dihydrothebainone is quite analogous to that existing between 
the two tetrahydrodeoxycodeines (Part I., p. 983). The former two 
substances are, in fact, 6-keto-derivatives of the latter two. In the 
reduction of thebaine to dihydrothebainone it has been shown that 
an intermediate product is a dihydrothebaine (m. p. 162—163°) 
which is not phenolic and in accordance with our view of the nature 
of dihydrothebainone and of thebaine is to be represented by the 
formula VI. This dihydrothebaine yields on hydrolysis a dihydro- 
codeinone (VII) crystallising in columns melting at 197—198° and 
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forming an oxime decomposing at 264°. Mannich and Léwenheim 
(drch. Pharm., 1920, 258, 295) have apparently obtained the same 
substance (prisms, m. p. 193—194°; oxime, m. p. 266°) by the 
reduction of codeinone with hydrogen in presence of palladium. 


MeO a Me0/ . 
aa aa 
VI.) O CH O C VII. 
(VI) ~ *\ \ if “We ' 
CH -C ~NMe cH CH NMe 
pt Se. - 'G | | 
MeO’ CH CH, CO CH CH, 
\ F % ri \ e™% Pi 
CH, CH, CH, CH, 


On further reduction by Clemmensen’s method, this dihydro- 
codeinone yields a tetrahydrodeoxycodeine the description of which 
by Mannich and Léwenheim does not quite coincide with that of 
either the «- or $-tetrahydrodeoxycodeine by Freund, Melber, and 
Schlesinger (J. pr. Chem., 1920, [ii], 101, 1). Clearly, a direct 
comparison would allow of the determination of the relation of the 
a and #-isomerides to thebainol and dihydrothebainone and so 
provide interesting information in regard to the direction of scission 
of the ring system under various conditions. The structural 
distinction between thebainol and dihydrothebainone is further of 
interest in connexion with the constitution of codeinone. 

Although it is usually assumed that the relation of codeinone to 
codeine is that of ketone to secondary alcohol, there is no satis- 
factory proof of this. Ach and Knorr (Ber., 1903, 36, 3067), in the 
introduction to their paper, state that codeinone may be reduced 
to codeine, but no experimental details have been published and, 
as mentioned above, catalytic reduction produces a new ketone, 
dihydrocodeinone. Further it is stated in some text-books that 
eodeinone undergoes the Claisen condensation and therefore must 
contain the group -CH,°CO-. But definite benzylidene and 
isonitroso-derivatives have only been obtained from y-codeinone, 
and our experiments have convinced us that codeinone, probably 
because of its instability in presence of acids or alkalis, does not 
yield similar compounds. The sole evidence that cedeinone con- 
tains a reactive methylene group is furnished by the formation 
of azo-derivatives, but this is not decisive because the azo-compound 
might be of the form Ar-N,-C-CO- instead of Ar-N,-CH-CO 
or Ar-N,-C—C(OH)-. In order to make this test a more stringent 
one, we have examined the behaviour of the azo-compounds on 
treatment with alkali. Comparison of a large number of cases shows 
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that if there is a mobile hydrogen atom in the p-nitrobenzeneazo. 
derivatives especially, as, for example, in those obtained by coupling 
with phenols or ketones containing the group ~-CH,°CO-, an intense 
coloration is developed on the addition of potassium hydroxide to 
an alcoholic solution. No such colour is obtained by similar 
treatment of ethers of the nitrobenzeneazophenols or other p-nitro- 
benzeneazo-compounds not containing a mobile hydrogen atom in 
the system. The results show that codeinone forms azo-derivatives 
capable of passing into more intensely coloured modifications in 
presence of alcoholic potassium hydroxide and therefore the 
substance must contain the group ~-CH,-CO-. Apart from these 
observations, the quite possible alternative is that codeinone is 
unsaturated and not related in a simple manner to codeine. But in 
that case codeinone would clearly have the same carbon skeleton 
as thebainone, into which it passes by reduction. We should thus 
have the following related series all having the same carbon skeleton : 
thebainol, thebainone, codeinone, dihydrocodeinone, dihydrothe- 
baine, dihydrothebainone. If the view that thebainol and dihydro- 
thebainone are structural isomerides is justified, it follows that 
codeinone cannot be an unsaturated ketone, but must contain the 
same alicyclic bridge as codeine. Inspection of the formule 
suggested for thebainone (II), thebainol (IV), and dihydrothebainone 
(V) shows that the first contains the group -CH,-CO- and the latter 
two the group -CH,-CO-CH,-. It appeared to be of great import- 
ance to confirm these deductions, because the occurrence of such a 
structure in both thebainol and dihydrothebainone would be 
inconsistent with a morphine formula in which the ethanamine 
chain is attached to 5, as in the Knorr formula or the dicyclic 
modification of this due to Freund and Speyer. Knorr and Horlein 
(Ber., 1907, 40, 3349) state that Herrschmann (Dissertation, Berlin, 
1906) had found that benzaldehyde condenses with thebainone, but 
no further publication has been made. We have now prepared and 
analysed benzylidenethebainone and piperonylidenethebainone and 
a methylenedioxyquinoline derivative obtained by condensation of 
thebainone with 6-aminopiperonal (Rilliet and Kreitmann, Helv. 
Chim. Acta, 1921, 4, 588). Piperonylidenethebainone is an 
amorphous, pale yellow powder which exhibits the typical halo- 
chromy of a monopiperonylidene-«8-unsaturated ketone. It gives 
a reddish-purple solution in concentrated sulphuric acid closely 
resembling that given by benzylidenepiperonylideneacetone, but not 
so blue as the solution of dipiperonylideneacetone in sulphuric acid. 
The condensation of thebainol with piperonal in alcoholic solution 
containing sodium ethoxide was followed by observing the halo- 
chromy of the product. Apparently a monopiperonylidene 
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derivative was quickly produced and this gave a red colour in 
concentrated hydrochloric acid and thus resembled a monopiper- 
onylidene saturated ketone. On prolonged treatment, the solution 
became bluer and ultimately a product was isolated, a yellow 
amorphous powder, which appears to be dipiperonylidenethebainol 
with 2H,O. This substance dissolves in hydrochloric acid to a 
pure blue solution which becomes green and then yellow on dilution 
with water. Dipiperonylidenethebainol methyl ether and di- 
piperonylidenedihydrothebainone methyl ether have also been 
prepared, but could not be crystallised. They exhibit the typical 
behaviour of dipiperonylidene-cyclo-ketones. The amorphous 
character of these substances is doubtless due to the fact that they 
are mixtures of stereoisomerides and it may be recalled that Haber 
has shown that the condensation of piperonal and acetone leads to 
both cis- and trans-piperonylideneacetones (Ber., 1891, 24, 617). 
We are at present engaged in experiments designed to overcome this 
difficulty, but in the meantime there can be little doubt but that 
both thebainol and dihydrothebainone contain the group 
-CH,-CO-CH,-. If this is so, the ethanamine chain cannot be 
attached to 5 and thebenine must owe its formation from codeinone 
to molecular rearrangement as suggested in the preceding com- 
munication. 


EXPERIMENTAL. 
Note on the Preparation of Thebainone. 


As mentioned by Pschorr (loc. cit.), exceedingly troublesome 
emulsions are formed during the extraction of the base with chloro- 
form, and the following slight modification avoids this difficulty 
without affecting the yield. Thebaine, stannous chloride, and hydro- 
chloric acid in the proportions recommended by Pschorr were placed 
in a wide bomb tube closed by a tightly fitting rubber stopper, kept 
in position by wires. This was immersed during twenty minutes in 
boiling water and at the end of this period rapidly cooled by the 
addition of cold water to the bath. The mixture was then added 
to 800 c.c. of water, well shaken, and treated with aqueous sodium 
hydroxide (10 per cent.) until a permanent milkiness was produced 
and the solution was very faintly acid to Congo-red. There is no 
difficulty in gauging this point, because the thebainone is itself an 
indicator, and if too much alkali has been added the colour changes 
from yellow to orange-red. Neutralisation was then completed by 
means of successive small amounts of sodium bicarbonate and the 
precipitate allowed to settle over-night. The clear orange solution 
was decanted, treated twice with animal charcoal, filtered, and 
extracted by gently shaking with chloroform. Two extractions 
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removed the whole of the thebainone, which was purified in the 
manner described by Pschorr. 


C 
; AN) 
Benzylidenethebainone, CHPh:G (CH . 
CO CH 


\Z 
CH 


A solution of thebainone (1 gram), benzaldehyde (1-2 grams: 
3 mols.), and potassium hydroxide (0-5 gram, dissolved in the 
minimum of water) in ethyl alcohol (10 c.c.) was boiled during two 
hours under reflux. The colour of the solution rapidly changed 
from light red to crimson. After the addition of water (100 c.c.), 
the liquid was just acidified with dilute hydrochloric acid and 
thoroughly extracted with ether in order to remove benzaldehyde. 
The orange-red solution was freed from ether by means of a 
current of air, neutralised by sodium carbonate, and the yellow 
precipitate collected, washed with water, and dried in a vacuum 
over sulphuric acid. The yield was 90 per cent. of that theoretically 
possible. The substance is very readily soluble in most organic 
solvents and could not be crystallised. It was purified by preci- 
pitation from benzene solution with light petroleum and obtained 
as a yellow powder which softened at 114° and melted at 120—123° 
(Found: C=773; H=68. (C,;H,,O,N requires C = 77:5; 
H = 6:8 per cent.). The solutions of the substance in concentrated 
hydrochloric acid and sulphuric acid are deep red and become 
yellow on dilution with water. The picrate crystallises from alcohol 
in radiating clusters of short needles. It melts with decomposition 
at 194° after darkening at 191°. The methiodide crystallises from 
ethyl acetate in yellow, tubular columns which melt indefinitely, 
beginning at 195°. 


Piperonylidenethebainone. 


This substance was prepared in the same way as the benzylidene 
derivative, replacing the benzaldehyde by piperonal (1-6 grams). 
The bright yellow powder which separated on the addition of light 
petroleum to a benzene solution of the derivative softens at 118° 
and melts at 128—130° (Found: C = 72-4; H = 6-2. C,,H,;0;N 
requires C = 72-4;H = 5-8 percent.). The solution in concentrated 
hydrochloric or sulphuric acid is intense reddish-purple and becomes 
pale yellow on dilution with water. Crystalline derivatives could 
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not be obtained. Piperonylidenethebainone was reduced in 5 per 
cent. acetic acid solution by means of hydrogen in presence of 
palladium. The colourless solution gave no coloration with con- 


centrated hydrochloric acid, but still gave an orange solution on the 
addition of sodium hydroxide. The product was therefore in all 
probability homopiperonylthebainone. The whole was rendered 
alkaline and reduced by means of sodium amalgam until the orange 
colour disappeared. The liquid was then just acidified with acetic 
acid, rendered alkaline by the addition of ammonia, and the 
colourless, sticky precipitate taken up in ether. After removal of 
the solvent, a colourless oil remained and this could not be crystal- 
lsed. It gives coloured solutions neither in strong acids nor in 
dilute alkali, and is probably essentially homopiperonylthebainol. 
Qn condensation with piperonal in the usual manner, a yellow 
product was obtained and this gave a deep red solution in con- 
centrated hydrochloric or sulphuric acid and is probably piperonyl- 
idenehomopiperonylthebainol. The series of reactions confirms the 
view that piperonylidenethebainone contains the group 
CH,0,-CgH,°CH°C-CO-CH:C-. 


Dianhydro-6-aminopiperonalthebainone Dihydrobromide. 


A solution of sodium ethoxide (0-5 gram Na) in alcohol (10 c.c.) 
was added to thebainone (1-1 grams) and 6-aminopiperonal (0-6 
gram) dissolved in alcohol (10 c.c.), and the mixture boiled under 
reflux during six hours. The red solution was added to water 
(200 c.c.) and after filtration the phenolic base was precipitated by 
means of carbon dioxide. The yellow substance which separated dis- 
solved as the passage of the gas was continued, but was redeposited 
on standing over-night exposed to the air. The precipitate was 
collected and dried (1-0 gram). All attempts to crystallise this 
quinoline derivative were unsuccessful, but a crystalline hydro- 
bromide was obtained by the addition of concentrated hydrobromic 
acid to a solution of the base in a little acetic acid. The salt was 
crystallised from dilute aqueous hydrobromic acid and dried in a 
vacuum over sulphuric acid (Found : Br = 25-2; loss at 130° = 8-5. 
Cy¢H.4O0,N>,2HBr,3H,O requires Br = 24:9; H,O = 8-4 per cent.). 
The glistening, orange-yellow, rectangular plates decompose at 
258—260° and dissolve in sulphuric acid to a solution which exhibits 
bright emerald-green fluorescence. 


Thebainol and its Semicarbazone. 


This substance was prepared by the method of Pschorr (loc. cit.), 
which depends on the reduction of thebainone by means of sodium 
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amalgam. The product, crystallised from methyl alcohol, melted 
at 50—54°, but long standing of a 10 per cent. dry ethereal solution 
provided a small crop of colourless prisms which were used to seed 
an approximately 20 per cent. solution in the same solvent. The 
well-formed, rectangular prisms melted at 135—136° (Found: 
C=716; H=7-5. C,,H,,0,N requires C=718; H=746 
per cent.). 'Thebainol is one of the few morphine derivatives which, 
like deoxycodeine, are dextrorotatory. In ethyl alcohol, c = 8-7], 
1=0-5 dem., « = + 2-92°; whence [a]p = + 67-05°. In 5 per 
cent. acetic acid, c = 2-368, 7 = 2:0 dem., « = + 1-58°; whence 
[«]> = + 33-07°. 

On crystallisation of the product, m. p. 135—136°, from methyl 
alcohol, the melting point was again found to be 50—54°, but the 
substance resolidified and melted finally at about 135°. When the 
substance was mixed with dihydrothebainone (Freund, Speyer, and 
Guttmann’s preparation), the melting point was depressed to 110°, 
Thebainol is readily soluble in dilute aqueous sodium hydroxide, 
but with a concentrated solution yields a precipitate of a colourless, 
crystalline sodium derivative. 

Thebainolsemicarbazone was prepared in dilute acetic acid solution 
by the action of an excess of semicarbazide hydrochloride and 
sodium acetate. The mixture was warmed to 80°, then allowed 
to cool and, after five minutes, the solution was neutralised by 
sodium carbonate. The precipitate was collected and the derivative 
crystallised from aqueous alcohol and then from a mixture of ethyl 
alcohol and ethyl acetate. An identical product was obtained 
from pure thebainol, m. p. 135—136°, and from the original 
material having the properties recorded by Pschorr (Found: 
N= 15-8. C,,H,,0,;N, requires N= 15-6 per cent.). Rapid 
cooling of a solution in ethyl alcohol and ethyl acetate causes the 
separation of a cloud of globules which are so small that they may 
only be discerned under the higher powers of the microscope. Slow 
cooling produces frond-like bundles of slender needles and if crystal- 
lisation is very slow twinned prismatic needles are obtained. The 
substance melts at 215—216° as ordinarily prepared. After drying 
during four hours at 100° under 100 mm., there was no perceptible 
loss of weight, but the melting point rose to 217—218°. A mixture 
of thebainolsemicarbazone and dihydrothebainonesemicarbazone 
(m. p. 225—226°) melted at about 205°. 

Thebainol Methiodide——This derivative was obtained very 
readily by gently warming an alcoholic solution of thebainol and 
methyl] iodide and allowing to remain during an hour. The addition 
of ether precipitated the substance in an amorphous condition and 
crystals were first obtained by the careful addition of ethyl acetate 
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to a solution in methyl alcohol. The crude product was then 
dissolved in methyl alcohol and addition of a crystal to the hot 


solution induced the crystallisation of most of the salt, which when 

ure is sparingly soluble in methyl alcohol. The substance was 
recrystallised from ethyl alcohol and obtained in colourless columns 
melting at 243° with decomposition [Found: I = 28-5, 28-9 (by 
titration). C,,H,,O,NI requires I = 28-6 per cent.]. The salt is 
dextrorotatory in aqueous solution: c= 2-061, /=05 dcm., 
i= + 0-48°; whence [a]> = + 46-56°. 


Dihydrothebainonesemicarbazone. 


In the preparation of dihydrothebainone from thebaine it was 
observed that the mother-liquors deposited a small crop of crystals 
which, after recrystallisation from alcohol, were colourless, prismatic 
tablets melting at 219° and at the same temperature when mixed 
with pure cryptopine. Evidently cryptopine occurs as an impurity 
in thebaine, but cannot be detected by the characteristic reaction 
with sulphuric acid because the colour is masked by the deep orange 
due to thebaine itself. The specimen of thebaine employed began 
to melt at 188°, whereas pure thebaine melts at 193°. On one 
occasion, the palladium catalyst was inefficient aud the main 
product of the reduction was dihydrothebaine, m. p. 165°. The 
substance crystallised from methyl alcohol in rectangular prisms 
and was proved to be identical with the dihydrothebaine, m. p. 
162—163°, of Freund, Speyer, and Guttmann (loc. cit.) because it 
yielded dihydrocodeinone, m. p. 197—198°, on hydrolysis with 
concentrated hydrochloric acid. Dihydrothebainonesemicarbazone 
was prepared in the manner prescribed above for thebainolsemi- 
carbazone. It crystallises from aqueous alcohol in colourless, 
elongated prisms melting at 224—225°. The substance, dried in 
a vacuum over sulphuric acid, lost 9-6 per cent. at 110—115° and 
then melted at 226—227° (Found, in anhydrous substance: N = 
15-7. CgH,g,0,N4,2H,O requires H,O = 9:1; C,gH,,0,N, requires 
N = 15-6 per cent.). 


Dipiperonylidenethebainol. 


A solution of thebainol (1 gram), piperonal (2 grams), and 
potassium hydroxide (0-5 gram) in ethyl alcohol (10 c¢.c.) was 
boiled under reflux. The yellow colour rapidly changed to red 
and a sample withdrawn after twenty minutes gave a bright red 
solution in concentrated hydrochloric acid. After two hours, 
the base was isolated exactly as described above in the case of 
benzylidenethebainone. The yellow powder gave a purple colour 


1008 GULLAND AND ROBINSON: THE MORPHINE GROUP. 


with concentrated hydrochloric acid. It was noticed, however, 
that the initial treatment with dilute hydrochloric acid failed to 
dissolve a small quantity of brown material, which gave a bright 
blue colour with concentrated hydrochloric acid. It seemed 
probable, therefore, that thebainol condenses readily with one 
molecule of piperonal and forms a dipiperonylidene derivative with 
much greater difficulty. The product was accordingly dissolved 
in ethyl alcohol (10 c.c.) and, after the addition of piperonal (2 grams) 
and potassium hydroxide (0-5 gram, dissolved in a little water), the 
mixture was boiled during twenty hours. The colour in con. 
centrated hydrochloric acid gradually changed from reddish. 
purple to pure blue and at the end of the period mentioned the dark 
red solution was added to water (150 c.c.) and carefully acidified 
with ice-cold dilute hydrochloric acid. The reddish-brown tar was 
collected on a glass rod, well washed with ether, and dissolved in 
acetic acid. On dilution with water, a precipitate was obtained and, 
after neutralisation of the acid present, this was collected, dried, 
and the substance purified by repeated precipitation from chloro- 
form solution by means of light petroleum. The orange-yellow 
powder could not be crystallised and was dried in a vacuum 
over sulphuric acid (Found: C= 67-4; H=60; N = 244, 
C3,H;,0,N,2H,0 requires C = 67-°9; H = 5:8; N = 2-4 per cent.). 
The substance dissolved in concentrated sulphuric acid to a purple 
solution and in concentrated hydrochloric acid to a deep pure blue 
solution which became green and then pale greenish-yellow on 
dilution with water. The substance is readily soluble in acetone, 
chloroform, ethyl acetate, or alcohol, sparingly soluble in benzene, 
and almost insoluble in ether or light petroleum. The condensation 
of dihydrothebainone with piperonal was also carried out with similar 
results. 


Dipiperonylidene Derivatives of Thebainol Methyl Ether and 
Dihydrothebainone Methyl Ether. 


Methylation of thebainol and dihydrothebainone was effected 
by means of diazomethane, which was prepared by the method of 
Werner (T., 1919, 115, 1098) from nitrosomethylurea. The 
decanted ethereal solution of the reagent was found to be unsuitable 
for use in these examples and was distilled. Moreover, methylation 
did not proceed in ether alone and it was found necessary to add 
the solution of diazomethane (6 mols.) to a 10 per cent. solution of 
the phenolic base in pure ethyl alcohol. The use of isoamy] ether 

‘was not advantageous. After allowing to remain at the ordinary 
temperature during twenty-four hours, during which time bubbles 
of nitrogen were evolved, the solvent was removed by distillation 
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and the oily residue triturated with dilute sodium hydrexide to 
separate any unchanged material. The oil was then taken up in 
ether and the solution washed, dried, and evaporated. The pale 
yellow, viscid residue, consisting either of thebainol methyl ether 
or of dihydrothebainone methyl ether, could not be crystallised. 
Thebainol methyl ether exhibited a curious behaviour on standing. 
Although completely soluble in ether when first prepared, some 
process of auto-condensation or oxidation occurred and when treated 
with the solvent there was a flocculent residue. After evaporation of 
the filtered solution and allowing to remain for a further period, 
more of this insoluble material was produced ; the process was repeated 
five times with the same result and apparently would proceed 
indefinitely. The average yield of the methyl ethers was 60 per 
cent. of that theoretically possible. 

Methylthebainol methiodide was obtained by the addition of a 
little more than one molecular proportion of methyl iodide to a 
solution of the ether in ethyl acetate. The precipitated oil solidified 
on rubbing with ether and acetone, and the substance crystallised 
from methyl alcohol in irregular prisms which melted at about 
245° with decomposition [Found, in material dried at 100° in a 
vacuum: I = 27-8 (by titration). C. 9H,,0,NI requires I = 27:8 
per cent. ]. 

Methyldihydrothebainore methiodide separated in clusters of 
boat-shaped crystals when methyl iodide was added to a solution 
of the base in ethyl acetate. The derivative was recrystallised 
from methyl alcohol and obtained in diamond-shaped prisms which 
darkened slightly at 257—258° [Found, in material dried at 100° in 
a vacuum: I = 27-8, 27-7 (by titration). C)H,g0,;NI requires 
I = 27-8 per cent.]. 

The condensation of thebainol methyl ether and of dihydro- 
thebainone methyl ether with piperonal gave identical results. 
The base (1-6 grams) and piperonal (3-1 grams) were dissolved in 
ethyl alcohol (25 c.c.) and after the addition of a solution of sodium 
ethoxide (0-5 gram of sodium in 10 c.c. of alcohol) the mixture was 
boiled under reflux during twelve hours. A further quantity of 
piperonal (1-5 grams) was then added and the boiling continued 
during twelve hours. The dark red liquid was poured into moderately 
concentrated brine, and the reddish-brown precipitate collected, 
washed, and dried. After a preliminary purification by precipita- 
tion from a filtered chloroform solution by means of light petroleum, 
the yellow powder was dissolved in a large volume of hot alcohol, 
the solution treated with animal charcoal, filtered, and concen- 
trated. The compound separated in microscopic, transparent, 
yellow globules and in a similar condition from ethyl acetate. 


6S kM ae 


1010 THE MORPHINE GROUP. PART Il. THEBAINONE, ETC. 


The derivative from methylthebainol softened at 149° and began 
to melt at 156°; that from methyldihydrothebainone softened at 
160° and began to melt at 166°. For analysis, the substances, which 
tend to retain water to a marked degree, were dried at 110° (Found: 
for dipiperonylidenemethylthebainol, C = 71-2, 71-5; H = 5:5, 5-7: 
for dipiperonylidenemethyldihydrothebainone, C = 71-9; H = 6-1; 
N=2-4. (C,;H,,0,N,0-5H,O requires C= 71-4; H= 5-8; N= 
2-3 per cent.). The colour reactions of the two compounds are 
identical. In sulphuric acid, a rich purple solution is produced, 
and addition of hydrochloric acid to a solution in glacial acetic acid 
develops an intense green coloration, which is also obtained from 
dipiperonylidenetropinone under similar conditions. 


Interaction of Bromocodeinone and Hydrogen Iodide. 


A solution of bromocodeinone hydrobromide (0-1256 gram) in 
ethyl alcohol (20 c.c.) and water (20 c.c.) was freed from air by 
boiling and passing a current of carbon dioxide. Potassium iodide 
(1-0 gram) was then added, and after cooling to 40° air-free 2N. 
hydrochloric acid (10 c.c.) was introduced and the mixture 
maintained at 45° in the neutral atmosphere during three and a 
half hours. The free mineral acid in the cooled solution was 
neutralised by the addition of potassium acetate, and the iodine 
set free in the reaction required 10-2 c.c. of 0-0252N-sodium thio- 
sulphate. Hence one molecule of bromocodeinone hydrobromide 
liberates 0-97 atom of iodine. This is half the amount anticipated 
on the assumption that the process is a straightforward reduction 
to codeinone, but this substance, if formed, would be converted in 
the acid solution into thebenine to some extent and loss of halogen 
as the result of substitution in this phenol is a natural consequence. 
On the other hand, the reaction may follow an abnormal course 
such that one molecule of iodine is produced from two molecules of 
bromocodeinone. An experiment was carried out under the con- 
ditions described above but without bromocodeinone hydrobromide 
and no trace of iodine was liberated. 


Coupling of Codeinone with Diazonium Salis. 


The diazonium salt in aqueous solution in presence of excess of 
sodium acetate was added to an alcoholic solution of codeinone; 
subsequently alcoholic potassium hydroxide was introduced. Very 
dilute solutions were employed and under similar conditions codeine 
gave either no coloration or very pale shades unchanged in tone by 
the addition of alkali. 


p-Tolu 
p-Pher 
Cresidi 
o-Nitre 
m-Nitt 
p-Nitr 
p-Nitr 
Nitroc 
Picran 
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Base. Colour produced. After addition of KOH. 
p-Toluidine Yellow Orange-red 
p-Phenetidine Yellow .  Yellowish-brown 
Cresidine Yellow Brownish-red 
o-Nitroaniline Yellow Purplish-brown 
m-Nitroaniline Yellow Reddish-brown 
p-Nitroaniline Orange-yellow Reddish-violet 
p-Nitro-o-toluidine Yellow Brownish-orange 
Nitrocresidine Brown Brownish-violet 
Picramic acid Orange-yellow | Deep brown 
2; 4-Dinitro-m-toluidine Lemon-yellow Brownish-red tending to vivlet 
p-Aminobenzoic acid Pale yellow Red 
Aminosulphosalicylic acid §Greenish-yellow Reddish-orange 
Aminoazobenzene Red Dark brown 
a-Naphthylamine Orange-brown Brownish-red 
Naphthionic acid Orange Crimson 
Tolidine Orange-red More intense 
Dianisidine Bluish-red More intense 
Diaminoveratrone Orange-brown Reddish-brown 


Attempts to condense codeinone with benzaldehyde, anisaldehyde, 
piperonal, and nitrosodimethylaniline in the presence of various 
catalysts and under a variety of conditions were fruitless. 


One of us (J. M. G.) desires to express his thanks to the Carnegie 
Trust for a scholarship which has enabled him to take part in this 
investigation. 
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CXIV.—Benzbisthiazoles. Part IIl. 
By SterHen RatuBone HOLDEN EpGE. 


TuE result indicated by the work described in the two papers 
already published (T., 1922, 121, 772; this vol., p. 153), namely, 
that the main oxidation product of dithioacetyl-m-phenylenediamine 
in alkaline solution is 2 : 6-dimethylbenzbisthiazole (I), a symmetrical 
three-ring structure, rather than the unsymmetrical 2 : 7-dimethyl- 
benzisobisthiazole (II), has been criticised because so many of the 
methods for making three-ring structures yield only the unsym- 
metrical form, or yield that form much more easily than the other. 
Itis a well-known fact that when a @-side chain in a naphthalene mole- 
cule closes up to form a third ring it closes in the «-position, and that 
substitution in the «-position prevents the ring formation. Also 
in the synthesis of phenanthrolines from the phenylenediamines 
by the Skraup method, a synthesis having some analogy to the 
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method used in the present work, only the unsymmetrical forms 
are produced (Skraup and Vortmann, Monatsh., 1882, 3, 57]. 
1883, 4, 574). Hence it seemed worth while to settle the point 
as to whether the method employed for making the benzbisthiazoles 
would yield a symmetrical three-ring structure easily or not. Pure 
2: 6-dinitrotoluene formed a convenient starting point. This 
was reduced and the resulting diamine acetylated. A diacety! 
derivative having all the properties described by Green (T., 189], 
59, 1017), especially the interesting sublimation near the melting 
point, was obtained. An error appears to have crept in concerning 
the melting point of this compound, as it was found to melt just 
100° higher than the figure given in the above reference. The con- 
version of this diacetyl-2 : 6-diaminotoluene, through the corre. 
sponding dithioacetyl derivative, into 2:4: 6-trimethylbenz. 
bisthiazole (III) was accomplished with remarkable ease. The 
contrast between the ease of this preparation and the difficulty of 
the preparation of the unsymmetrical 2: 4 : 7-trimethylbenziso. 
bisthiazole (IV) described in Part II is very marked. This bis. 
thiazole, like the 2 : 6-dimethylbenzbisthiazole previously described, 
is strictly a monoacid base only. No evidence whatever of the 
existence of diacid salts, or a dimethiodide, was obtained. This fact 
completes the proof of the symmetrical structure of the previously 
prepared 2 : 6-dimethylbenzbisthiazole, and shows that in the case 
of this particular synthesis of a three-ring structure the symmetrical 
form is more easily produced than the unsymmetrical. 

The way in which the power of the nitrogen atoms to become 
quinquevalent varies with the arrangement of the two thiazole 
rings in the molecule is receiving careful attention and will be 
referred to again in a later communication. 
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EXPERIMENTAL. 


Diacetyl-2 : 6-tolylenediamine.—The method for preparing the 
diamine from 2: 6-dinitrotoluene, as given by Ullmann (Ber., 
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1884, 17, 1960), was modified in that, after precipitation of the tin, 
the solution was evaporated to dryness on a water-bath, and excess 
of concentrated caustic soda solution added. The diamine was 
precipitated as an oil, which solidified as a cake on the surface. 
Jt was removed, and the remaining alkaline solution extracted 
with ether. The whole yield was dissolved in ether, the ethereal 
solution dried with sodium sulphate, and the ether evaporated. 
The resulting solid diamine was acetylated directly with acetic 
anhydride. The reaction was vigorous, and, after adding excess 
of the anhydride, the mixture was poured into water, and the white, 
crystalline precipitate filtered off and dried. Yield = 24 grams 
from 40 grams of 2: 6-dinitrotoluene. The melting point was 
found to be 302—303° and to be unchanged after sublimation. 
Dithioacetyl-2 : 6-tolylenediamine.—Following exactly the method 
as previously given, the crude thioacetyl derivative was obtained 
as a light brown powder. Yield = 38 grams. After several crystal- 
lisations from alcohol, the melting point became constant at 275°. 
No eutectic mixture of the di- and mono-thioacetyl derivatives 
was found in this case, nor was it found possible to isolate the 
monothioacetyl derivative (Found: S= 2655; N= 12-11. 
C,,H,,N,S, requires S = 26:90; N = 11-77 per cent.). 
2:4:6-Trimethylbenzbisthiazole (III).—Fifteen grams of the 
crude dithioacetyl-2 : 6-tolylenediamine were dissolved in 750 c.c. 
of water containing 50-7 grams of caustic soda, and the mixture 
was poured into a solution of 100 grams of potassium ferrocyanide 
in 1050 c.c. of water. A precipitate of the bisthiazole formed 
almost immediately. After standing one day, this was filtered off. 
It was purified by dissolving in concentrated hydrochloric acid, 
diluting, filtering, and reprecipitating with caustic soda. The 
product crystallised readily from alcohol in dull pale yellow crystals, 
m. p. 185—186°. Yield =6 grams. This compound can be 
distilled under reduced pressure with slight decomposition only; 
b. p. 280°/40 mm. (Found: S = 27:24; C = 56:56; H = 4-06. 
C,,;HoN.S_ requires S = 27:35; C = 56-41; H = 4-27 per cent.). 
2:4:6-Trimethylbenzbisihiazole Meithiodide——-On heating a 
weighed quantity of the bisthiazole in a sealed tube with excess of 
methyl iodide at 100° for a long time, the product was a viscous 
mass, containing crystalline matter, which increased in amount 
slowly on prolonged heating. The experiment was repeated, 
heating at 150° being continued for six hours. The product was 
entirely crystalline, consisting of small, brown, needle-like crystals. 
After leaving in a current of air until the weight became constant, 
the increase was found to be just less than that required for the 
monomethiodide. On crystallising from a small quantity of water, 
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or from rather more alcohol, nearly white, needle-shaped crystals 
resulted. These melt sharply at 211° if heated quickly, but begin 
to decompose and melt at 203—205° if heated slowly (Found: 
I = 32-82. C,.H,,N,IS, requires I = 32-78 per cent.). 
Krine’s CoLLeGcE, 
Stranp, W.C.2. (Received, March 29th, 1923.] 


CXV.—The Energy of Activation in Heterogeneous 
Gas feactions with Relation to the Thermal 
Decomposition of Formic Acid Vapour. 


By Cyri, Norman HinsHELWoop and Bryan Top.ey. 


OnE of the most important quantities associated with a homo. 
geneous chemical reaction is the heat of activation, which repre. 
sents the energy required to enable a molecule to undergo chemical 
decomposition. When a molecule is adsorbed on the surface of 
a catalyst, its stability is modified by the forces between it and the 
surface so that a smaller amount of energy suffices to bring it into 
the reactive condition. This appears to be one of the principal 
factors involved in the action of heterogeneous catalysts. The 
energy of activation is connected with the temperature coefficient 
of the velocity constant by the equation d log k/dT = E/RT". 
It is seldom possible to compare directly the heat of activation 
for the two cases of a gaseous reaction proceeding in the homo- 
geneous phase and the same reaction catalysed by a surface. But 
the results of Trautz and Bhandarkar (Z. anorg. Chem., 1919, 106, 
95) on the homogeneous decomposition of phosphine at high tem- 
peratures show that the heat of activation is considerably greater 
than that found for the heterogeneous decomposition on the walls 
of the vessel which predominates at lower temperatures. And in 
general it is recognised that heterogeneous reactions have smaller 
temperature coefficients than homogeneous reactions. This, how- 
ever, is not an unequivocal result, since the amount of the reacting 
substance adsorbed on the surface of the catalyst, and therefore 
actually participating in the reaction, may diminish as the tem- 
perature rises. ‘This would make the apparent value of F, calculated 
from the observed influence of temperature, smaller than the true 
value, which measures the actual stability of the adsorbed molecule. 
It appears from the approximate calculation given on p. 1022 
that the apparent value is less than the true value by an amount 
which is approximately equal to the heat of adsorption of the 
reacting substance by the catalyst. Only if this is small can the 
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tue heat of activation be found directly from the variation of 
reaction velocity with temperature. 

The thermal decomposition of formic acid is a convenient reaction 
to study from the point of view of the connexion between heat of 
activation and velocity. The question may be approached in two 
yays. First, the relative ease with which the two alternative 
reactions 

>» H,+ 00, (1) 
H:CO-0OH - 
“SS HLO +00 (2) 


proceed on the same catalyst may be investigated, and, secondly, 
the individual reactions may be followed on a number of different 
catalytic surfaces. On glass surfaces, it was found (Hinshelwood, 
Hartley, and Topley, Proc. Roy. Soc., 1922, [A], 100, 575) that 
reaction (2) was associated with a heat of activation so much lower 
than that of the alternative reaction that it might have been 
expected to predominate entirely. Since both reactions may 
actually proceed at about equal rates, it was shown that some 
factor besides the heat of activation must govern the reactions, 
and it was suggested that this factor might be connected with a 
molecular phase—only those molecules reacting which possess the 
energy of activation and in addition are in a certain phase. 

With regard to comparative measurements of the same reaction 
on different catalysts, glass, platinum, and silver were compared 
in respect of reaction (1) (Tingey and Hinshelwood, T., 1922, 121, 
1668). Experiments have now been made with rhodium, gold, 
and palladium, which catalyse reaction (1), and with titanium 
dioxide, which catalyses reaction (2) almost exclusively. 

The interest of the results with titanium dioxide lies in the 
comparison of the value of Hoo for this catalyst with that for glass, 
which has the value 12,000—16,000 calories, a much lower value 
than is ever found for Eyo,. It seemed interesting to inquire 
whether a similarly low value for the apparent energy of activation 
would also be found for other catalysts, whether, that is, the small 
amount of energy required to activate the formic acid molecule 
for decomposition into carbon monoxide and water is essentially 
characteristic of this mode of reaction of the molecule. Since the 
value found is 29,500 calories, it appears that a small energy 
of activation for this mode of decomposition is not an inherent 
property of the formic acid molecule itself, which persists inde- 
pendently of the surface on which it is adsorbed. 

There seems to have been no systematic survey of values for the 
energy of activation and of velocity constants for a specified 
reaction on a number of different catalytic surfaces. From the 
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results of this and previous investigations (loc. cit.) the following 
table has been made. 


Relative activity of the guy. 
face in promoting the reaction 


Surface. Eeoe: H-CO-OH = H, + CO, at 200° 
BIE csotecnsisersctnnecstoes 24,500 0-05 
NET coca ecesieseecsicevecsounsies 23,500 2 
NN Ee cdsinccces accuse ciicinewacccds 31,000 2 
REMEEED,  Scsacnncavedesconasences 22,000 100 
MEE, casecicsceoweusposetens 25,000 500 
Palladium 
(a) Freshly treated with an 
oxidising agent ............ 39,000 25,000 
(6b) Containing occluded 
PIVENOROR ocicccescccscdensoes 33,000 250 


In this table, the values of Ego, are calculated, to the nearest 
500 calories, by the equation log, k,/k, = 4 {*35 #3). The 
numbers representing the relative rates of reaction refer to platinum 
as 100, and are calculated per unit superficial area of the catalyst. 
They are given only in round numbers, since the activity of a 
catalyst is very variable, and the superficial area is an approximate 
measure only of the effective surface. 

The interpretation to be placed on the results naturally depends 
on the theory adopted as to the nature of the adsorbed layer. 
Only on the theory that the observed velocity is actually the rate 
of a slow chemical change of the adsorbed molecules has EZ any direct 
connexion with the stability of the molecule. In the present dis- 
cussion, this is assumed, and Langmuir’s theory that the adsorbed 
layer does not exceed one molecule in depth is adopted. The 
true value of # can only be obtained from the apparent value if 
the heat of adsorption is known. The heat of adsorption of such 


gases as ammonia by charcoal is usually about 4000 calories per | 


gram-molecule, but there is reason to suppose that adsorption by 
porous materials like charcoal is a phenomenon of a different 
kind from the adsorption of gases by metals, and involves actual 
condensation of the gas in the capillary pores. From the results 
of Taylor and Burns (J. Amer. Chem. Soc., 1921, 43, 1273) on the 
adsorption of various gases by metallic catalysts the amounts 
adsorbed seem in many cases to be little influenced by a change of 
temperature from 25° to 110°. From this it may be concluded 
that the heats of adsorption are very small. We hope to attempt 
direct measurements of the adsorption of formic acid vapour, but 
in the meantime it is probably justifiable to conclude from analogy 
with the results of Taylor and Burns that the heat of adsorption 
is small and therefore that the values of Eoo,, calculated from the 
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influence of temperature on the decomposition velocity, are very 
nearly equal to the true values. 

In the above table a lack of correlation between the values of 
‘MB, and the relative activity of the catalyst shows that the relative 
velocity of reaction is not simply proportional to the number of 
molecules which would be expected from the kinetic theory to 
possess the requisite energy of activation. For the explanation of 
this lack of correlation, two possibilities are worth exploring. 
hither it may be assumed that on unit area of different catalysts 
widely differing numbers of molecules are adsorbed and actually 
yarticipating in the reaction, or the divergence may be referred 
to a quite specific phase factor, by which the analogous lack of 
correlation between the values of Hoo, and Heo on glass and the 
rlative rates of the corresponding reactions was explained. In 
this second case, we can make no further progress at present; on 
the other hand, if all the observed relations are interpreted simply 
in terms of the varying numbers of molecules adsorbed per unit 
area, then the results can be used to show how this number varies 
from one catalyst to another. We find, for example, that at 200° 
the surface of rhodium would have to be about one thousand times 
as thickly covered as that of gold. This calculation is based, 
however, upon the assumption that the phase factor is the same 
for the same reaction on different surfaces. At the end of this paper 
a tentative calculation is made of the fraction of the surface of 


rect 

dis. 9 different catalysts actually covered by adsorbed molecules of formic 
‘bed | acid. The calculation depends on the assumption that Dushman’s 
The | empirical equation (J. Amer. Chem. Soc., 1921, 43, 397) connecting 


the heat of activation with the absolute magnitude of the velocity 
constant of a homogeneous unimolecular reaction may be applicable 
to a reaction in a system of adsorbed molecules, which on the Lang- 
muir theory is in effect a homogeneous reaction in two dimensions 
instead of three. These assumptions lead to the result that the 
adsorbed molecules cover a small fraction only of the surface. 
This is consistent with the experimental fact that the reaction is 


Its 

he § of the first order and not of zero order as it would be if the uni- 
ts J molecular layer were nearly complete. 

of § The experimental methods employed were similar to those 
1d 9 described in T., 1922, 124, 1668, the course of the reaction being 
ot | followed both manometrically and by heating known weights of 
it | 90 per cent. formic acid with the catalyst for varying times in a 
y | sealed bulb. The manometric apparatus previously described was 
n | modified so that weighed amounts of formic acid could be intro- 
e | duced in capillary tubes into the reaction vessel, which was then 


sealed off and evacuated through the tap before the formic acid 
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was vaporised. During evacuation the mercury reservoir was 
lowered sufficiently to leave a clear passage through the capillary 
manometer into the reaction bulb. After evacuation, the reactioy 
bulb was immersed in the vapour-bath, and as the formic acid 
vaporised the mercury reservoir was gradually raised. Finally, 
the tap on the manometer tube was opened to the atmosphere 
and a series of readings of pressure and time were recorded. 
A considerable number of sealed-bulb experiments were made at 
different temperatures to obtain statistical averages from which 
the temperature coefficient 
h of the reaction velocity 
i} might be calculated. 
| To obtain the temperature 
coefficient from a mano. 
metric experiment, the re. 
action was allowed to pro. 
ceed at one temperature 
until about one-third of the 
formic acid had decomposed, 
the reaction vessel then 
being transferred to a bath 
7 at a higher temperature 
zs Z where the reaction was fol- 
rit lowed to completion. If in 
any case the values of k, the 
velocity constant, exhibited 
a drift, the temperature 


Fia. 1. 


! coefficient was obtained by 
extrapolating the value of k 
| forwards for the lower tem- 
| perature and backwards for 
, ” e the higher temperature, to a 
ae time midway between the 
last reading at the lower 

temperature and the first reading at the higher temperature. 

Analysis of the products of reaction was made as before in a 
Haldane apparatus. 

Since measurements of reaction velocity were made at tem- 
peratures as low as 140°, the question of the association of formic 
acid vapour had to be considered. The pressure exerted by a 
known weight of 89-1 per cent. formic acid was measured at various 
temperatures in the manometric apparatus used for the decom- 
position experiments. In the following table, p,..,., represents the 
observed total pressure in mm. of mercury exerted by the vapour, 
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while p... is the pressure which should be exerted by the known 
weight of formic acid vapour and water vapour in the bulb of given 
yolume on the assumption that there is no association and that 
the gas laws are obeyed. 


Temperature. Peale. Pobs. Ratio Peale. /Pobs. 
193-2° 1279 1209 1-058 
184-0 1251 1171 1-069 
153-9 1170 1028 1-138 
138-2 1128 951 1-186 
129-0 1103 884 1-248 
115-3 1065 783 1-360 


No decomposition occurred during the measurements. The 
differences between Pa aNd Pr, above 140° are not sufficient 
seriously to affect the velocity measurements, especially as “ end- 
points’ were always observed directly. 

Experiments were in all cases made to prove that the proportions 
of the different products of decomposition were not influenced by 
secondary interaction. 

Experiments with Rhodiwm.—The rhodium was used in the form 
of foil. It catalyses the decomposition predominantly into carbon 
dioxide and hydrogen, although varying amounts of carbon mon- 
oxide and water are also produced. In measuring the latter 
reaction, however, it is difficult to allow for the effect of the glass 
bulb, which at the temperatures employed gives some carbon 
monoxide but practically no carbon dioxide. The reaction follows 
the unimolecular law fairly closely, although the velocity constant 
tends to rise in the later stages. 


k = 1/t log, —??- 
/t log a a 


t p . 

(minutes). (mm. of Hg). P 
7:7 44 0-0106 
13-8 75 0-0104 
18 94 0-0102 
28 139 0-0102 
36°5 176 0-0103 
§2-5 238 0-0105 
62-5 272 0-0106 
98-5 372 0-0110 
186 518 0-0138 

oo 561 


The following are the results of manometric experiments on 
thodium : 


Temperature. kcoy Eco, (cals.). 
eT gO} a0 
1551 90048} ,00 
tC 2 ee 


Average 25,400 
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A series of sealed-bulb experiments over the same range of 
temperature gave for the mean of fourteen experiments in each 
case, 

155-8° 1-47 x 10* + 0-57 x 10% 


182-2° 8-06 x 104+3-1 x et, 25,000 cals. 


A similar series of ten and eight experiments, respectively, at 
185-7° and 212-7° gave 24,200 cals. 

A series of experiments was also made over the range 140-. 
154-7°, which gave values of H# 29,900, 28,900, 29,900 from mano. 
metric experiments and 31,400 from the sealed-bulb experiments, 
but since the temperature range is too small to allow accurate 
measurements, and the association of formic acid begins to be appre. 
ciable at 140°, these results are discarded. The most probable 
value of Ego, is taken as 25,000 calories. 

For comparison of rhodium with other catalysts, the average 
value of kco,, calculated per square centimetre of rhodium foil, and 
referred to a bulb of 20 c.c. capacity, may be taken as 0-0024 at 
200°. The unit of time is the minute and natural logarithms ar 
used. 

Experiments with Gold.—Gold produces decomposition almost 
exclusively into carbon dioxide and hydrogen, but its activity, in 
the form of foil, is not great. For the purpose of manometric 
experiments, therefore, gold was prepared in a state of fine sub- 
division by precipitation with oxalic acid from gold chloride 
solution. 


Temperature. Kco.- Eco,- 
140-5° 0-00217 ) 
185-0 0-0351 f 23,600 
140-0 0-00055 ) 
185-0 0-0092 f ated 


In order to obtain values for the velocity constant which should 
be comparable with those found for other catalysts, some experi- 
ments were carried out with foil of known area. The value of ko: 


per unit area of gold foil and referred to a bulb of 20 c.c. capacity § 
may be taken as roughly 0-0000092 at 200°. Gold shows thus only | 


about 1/250 part of the activity of rhodium. 

Experiments with Palladium.—All catalysts exhibit considerable 
variations, but the behaviour of palladium is quite exceptionally 
erratic. Its activity is considerable, and it catalyses the decom- 
position into carbon dioxide and hydrogen. The palladium was 
used in the form of smooth foil. It was anticipated that con- 
siderable difficulty would be occasioned owing to the occlusion of 
the hydrogen produced in the reaction, but this was found to occur 
to a comparatively small degree. Thus a piece of palladium foil 
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the activity of which was much greater than that of platinum or 
thodium gave products the analysis of which was as follows: 
00, 0-487 c.c.; H, 0-451 ¢.c.; CO 0-036 c.c. The area of the foil 
was 17 sq. cm. and about 20 c.c. of gas were produced, so that 
little hydrogen could have been occluded. After this foil had been 
used many times an analysis of the products gave CO, 0-733 c.c. ; 
H, 0-567 ¢.c.; CO 0-012 c.c. 

With regard to the variations in activity, which amounted to a 
hundredfold, it was concluded finally that when the surface of the 
palladium had been carefully cleaned with an oxidising agent, 
namely, chromic acid and sulphuric acid, it displayed very great 
activity, many times greater than that of rhodium, but that 
exposure to hydrogen diminished the activity very seriously. 
Although the absorption of hydrogen was never great, it occurred 
to some degree, so that presumably the structure of the palladium 
in the immediate neighbourhood of the surface was spongy, and 
the activity is greater when this region is free than when it is filled 
with dissolved hydrogen. The relative activity of palladium, as 
tabulated in the introduction to this paper, is thus not strictly 
comparable with that of the other metals. 

It seemed of little use to attempt to obtain very consistent 
values of # for palladium, but an approximate value was obtained 
by the manometric method. In one experiment, a freshly cleaned 
strip of foil of 4 sq. cm. surface was used. In the first part of the 
experiment, at 139-8°, the values of & were fairly constant, but in 
the second part, at 180-0°, they fell continuously from 0-0335 to 
00156. By extrapolating, a value of 0-0360 was found. The 
value of Hoo, thus obtained was 39,000 calories. A second experi- 
ment was made without removing the palladium from the reaction 
bulb; at 140°, the rate was about one hundred times smaller 
than in the first experiment. The temperature was raised to 
185:3° and subsequently to 212-1°. Between 140° and 185:3°, 
the value of H found was 31,500 calories, and between 185-3° 


f and 212-1° 34,000 calories. The mean was taken as 33,000. 


calories. 

Experiments with Titanium Dioxide.—This causes decomposition 
into carbon monoxide and water almost exclusively. The oxide 
used was in the form of powder; 1 gram was used in the sealed-bulb 
experiments; more for the manometric experiments. Fifteen 
sealed-bulb experiments were made at 138-4° and fifteen at 180-1°. 


Average value 


Temperature. of keo. Evo. 
138-4° 0-000062 | , 
180-1 0-00163 f sated 
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A manometric experiment showed that the reaction follows the 
unimolecular law and gave the values : 


154-7° 0-000696 
184-9 0-00696 29,600 


Discussion of Results. 


The magnitude of the variation of reaction velocity with ten. 
perature may be equally well explained by the theory that a true 
rate of chemical change of the adsorbed molecules is being measured, 
and by the theory that the observed rate is a rate of diffusion of 
the reacting substance through an adsorbed layer the thickness 
of which diminishes rapidly with temperature. A third possibility 
may be suggested, which meets the objection that in the second 
case the adsorbed layer, small to begin with, would rapidly dis. 
appear as the temperature increased if it had to diminish rapidly 
enough to account for the change in reaction velocity. The 
possibility is that only those molecules can reach the surface of 
the catalyst and react, the kinetic energy of translation of which 
is sufficient to enable them to penetrate a permanent adsorbed 
layer of unchanging thickness such as the unimolecular films of 
carbon monoxide which are retained tenaciously by platinum. In 
this case, H would be a true energy of activation, but would repre- 
sent translational and not internal energy. The objection, how- 
ever, to both the second and third possibilities is that the two 
alternative modes of decomposition of formic acid on glass appear 
to be quite independent reactions, each with its characteristic heat 
of activation, in spite of the fact that in each case, according to 
the diffusion theory, a similar formic acid molecule would make its 
way through an identical adsorption layer. It is true that the 
relative speed of the two rapid reactions at the surface of the 
catalyst could vary with temperature, even although the observed 
total speed were governed by a diffusion process, but in this case 
the values of H for the two separate reactions could not be inde- 
pendently constant. Thus Ho on glass retains its characteristic 
value, which is very different from Zo,, irrespective of whether 
the completing reaction is proceeding rapidly enough to account 
for more than half the total decomposition or is proceeding at a 
relatively inappreciable rate. The diffusion theory allows igo and 
keo, to vary differently with temperature, but £,,.., would remain 
approximately constant while Lg and Ego, would vary largely. 

Approximate Calculation of the Relation between the True and 
Apparent Heats of Activation—Let o be the fraction of the surface 
covered for a given pressure of the adsorbed gas in the gas phase. 


Rate of condensation on surface = aV7'(1 — ), where a = constant. 


Ws the 
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Rate of evaporation = ac, where x = rate of evaporation per 
wit area covered at temperature 7’. ° 
We may write xz = be- NRT, 
where 6 = constant and X is the heat of adsorption. 
Equating rate of condensation and rate of evaporation, 
aVT(1 — o) = bo. e~ NAT, 
If c is small compared with unity, as it must be when the reaction 
follows the unimolecular law, then 
o = CVT eNRT, where C = constant. 
If & is the velocity constant per unit area of catalyst, and ky 
is the velocity constant per unit area covered, 
k = kor = kV Ten??. 


But ky = Be- WRT, 
where Q is the true heat of activation and B is a constant. 
Therefore k = constant /J'e —(@— AUR 
fight. 9 -s 9-34 
ar 2 RT2 ~~ RT? . 
But dlog k/dT = E/RT*. 
Therefore E=Q—A+48kT 


orapproximately EH = @ — A . 

Estimate of the Fraction of Surface Covered—By making the 
assumptions referred to in the introduction, we may calculate the 
fraction of the surface covered in different cases in the following 
manner. 

From the results of Tingey and Hinshelwood on platinum the 
value of kco, per square centimetre of platinum at 200° is 0-00044, 
the value referring to a bulb of 20 c.c. capacity. Dushman’s 
empirical equation for the velocity constant of a unimolecular 
reaction is k = ve — Nw/R?, 
where N = Avogadro’s number and Nhiv = E. 

E.o, for platinum is 22,000 calories, whence k = 15,000, approxi- 
mately, the unit of time being the second, or 900,000, the unit 
of time being the minute. But the observed value k,,.. = 0-00044. 
Thus 
_Number of molecules adsorbed __0-00044 _ 5 . 19-10 
Number of molecules in reaction bulb — 900,000” * —— 

But under the experimental conditions there were in a 20 c.c. 
bulb about 6 x 102° molecules; hence the total number adsorbed 
on 1 square centimetre of platinum is 3 x 101! approximately. 
If a molecule of formic acid be assumed to occupy a space 5 x 10° 
NN2 
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em. in length and breadth, then we shall find for the fraction of 
the surface covered a value of the order 10°. 
In this way, the following rough values were obtained : 


Fraction of surface 


Kops. at 200° covered at about 
Surface. per unit area. 2 atmospheres pressure, 
ME. vodeiscionwvsneveacs tances 0-00000025 5 x 10 
EES eieciccadarnsssiuiny ence 0-0000092 10-+ 
BA VOP bc. ccieisscssstessevess 0-0000103 10-4 
EMI Seaccccccasosswincee 0-00044 10-3 
PROORME, ocasscssncccneseee 0-0024 10-4 
PEMA ccabessrtiscevesees 0:0010 150 


It has already been pointed out that palladium is quite abnormal, 
With regard to the others, all that one can say is that the assump. 
tions do not lead to any inconsistency with the modern theory of 
catalysis. 

If the specific phase factor which was introduced to account for 
the lack of correlation between the values of £ and the relative 
velocities of the two alternative reactions on glass is introduced 
here also, then the calculation is no longer valid, since Dushman’s 
equation cannot be applied. Its application is really incon- 
sistent with the previous conclusions, but it seemed of interest to 
see to what results it would lead. In a private communication, 
Prof. W. C. McC. Lewis has indeed suggested that the phase factor 
previously introduced might be interpreted in terms of different 
modes of adsorption. It is difficult to say whether formic acid 
could be adsorbed in two different ways on glass, but if this were 
possible the fractions of surface covered by the two differently 
adsorbed types of molecule would have to be very different. The 
question must be left open for the present. 


Summary. 


(1) Experiments on the kinetics of the heterogeneous decomposition 
of formic acid have been extended to include surfaces of rhodium, 
gold, palladium, and titanium dioxide. 

(2) The significance of the “heat of activation” is discussed 
for the case of a heterogeneous reaction. 

(3) Evidence is derived from the study of the thermal decom- 
position of formic acid in favour of Langmuir’s adsorption theory. 

(4) The heat of activation of the formic acid molecule for the 
reaction H-CO-OH = CO -}- H,O on titanium dioxide is found to 
be much greater than that of the same reaction on glass; so that 
the low value found for glass surfaces cannot be regarded as an 
inherent property of the free molecule. 

(5) The values of Ho, for a number of catalytic surfaces are 
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tabulated, and a lack of correlation is shown to exist between the 
values Of Ego, and the corresponding velocity of the reaction 
H-CO-OH = CO, + H,. Two possible interpretations are pointed 
out, Either it may be assumed that a molecule must not only 


ction of 


ny possess the critical energy, but must be in a certain phase before 
ssure, ff it decomposes, or the whole lack of correlation between H and k 
may be referred to the very widely differing fractions of the 
various catalytic surfaces which are actually covered with adsorbed 
molecules. If the second factor is alone operative, the actual 
fraction of surface covered can be calculated by assuming that 
Dushman’s empirical equation for the velocity of a unimolecular 
ormal, § reaction can be applied to the molecules actually adsorbed. This 
Sump- § Jeads to values for the fraction of surface covered which are between 
ory of # 101 and 10%, except in the case of palladium, which behaves 


abnormally. These results are consistent with the modern theory 
of adsorption catalysis, but the application of Dushman’s equation 
is inconsistent with the idea of a specific molecular phase governing 
the velocity of reaction, so that the choice between the alternatives 
is left open. 
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CXVI.—On the Propagation of the Explosion-Wave. 
Part I. Hydrogen and Carbon Monoxide Mixtures. 


By Harotp Batty Dixon and Noget StantEy WALLS. 


Frw experiments appear to have been published on the passage 
of the explosion-wave through mixtures of combustible gases. 
Berthelot, observing the slow rate of the wave through carbon 
monoxide and oxygen, as compared with electrolytic gas, measured 
the velocity of the explosion-wave through two mixtures of hydrogen 
and carbon monoxide Knall-gas : 


m- 
TABLE I. 

ry: ; 
he Berthelot’s Experiments. 
to Gases (vols.). Rates in metres per second. 
at co. H,. O,. Found. Cal. 
an 100 0 50 1090 1940 

50 50 50 2008 2236 

40 60 50 2170 2321 


50 2810 2831 
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His formula (derived from the mean molecular velocity of the 
products of combustion), which agrees with the rate found for 
the explosion-wave in electrolytic gas, does not apply, he says, 
to the carbon monoxide; but with mixtures of hydrogen and 
carbon monoxide the formula holds good—‘ the hydrogen com. 
municates to the carbon monoxide a law of detonation analogous 
to its own.” 

Again Berthelot measured the initial rates of the flame in hydrogen 
and in carbon monoxide Knail-gas, and then in a mixture of the 
two—timing the flame from the spark until it broke a “ bridge” 
130 mm. away; he also made a similar series with hydrogen and 
with ethylene Knall-gas. As these experiments were made in a 
closed bomb, the rates were measured during a period of acceleration 
and not do represent constant velocities of flame : 


TABLE II. 
Berthelot’s Experiments. 


Time of travel of flame from 
spark through 130 mm. in 


Gases. thousandths of a second. 
2H, +O 1-04 
200 ++ O, 19-96 j &95 mean 
ae + 7 + 0, 3-88 
2H, + 1-04 | 4. 
20H, +60, 2-86 f 1:95 mean. 
2H, + 2C.,H, +t. 70, 1:37 


Berthelot seems to have expected that the rates of the flame 
in the mixtures would be the arithmetical means of the individual 
rates; as the rates in the mixtures were found to be greater than 
the means, he concludes that the gases burn separately—the hydrogen 
burning first in each case. 

More recently, Prof. Bone (Proc. Roy. Soc., 1921, [A], 100, 67) 
has made determinations of the time taken from the moment of 
firing until the maximum pressure is reached when explosive 
mixtures of hydrogen and carbon monoxide with air are fired in a 
closed bomb under 50 atmospheres initial pressure. He has shown 
that the interval between the spark and the maximum pressure is 
much less in the pure hydrogen than in the pure carbon monoxide 
Knall-gas, and he compares the time-intervals when different 
quantities of hydrogen replace carbon monoxide with the times 
calculated on the assumption that each explosive mixture carries 
the flame in turn at its own rate over lengths proportional to the 
volume of each present. 

The “times” so calculated are of course the sum of the times 
taken by each explosive constituent; just as in a relay race the 
total time is the sum of the times taken by each runner over the 
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distance he is set to run. Prof. Bone shows that the calculated 
figures in no way agree with the rates he finds in the mixed gases ; 
he directs attention to the great effect on the rate of combination 
when small quantities of hydrogen replace carbon monoxide in the 
explosive mixture, and (like Berthelot) he attributes this to the 
dominating influence of the hydrogen “which catalyses the 
reaction.” 

It is to be noted that in Bone’s as in Berthelot’s experiment the 
rate is measured from the firing point during the period of acceler- 
ation, and that in electrolytic gas the acceleration is more rapid and 
the explosion-wave is set up after a shorter run than in the case of 
damp carbon monoxide Knall-gas. 

On the other hand, Dr. R. V. Wheeler and his fellow-workers 
have found that for the slow initial uniform phase of combustion of 
gases the rates for mixtures are the means of the individual maximum 
rates: thus “if on a speed-percentage graph the maxima for any 
two gases taken singly are joined by a straight line, all the maxima 
for mixtures of these gases lie approximately on this line.” 

It was found, for instance, that the highest initial rate (Le 
Chatelier’s normal propagation by conduction) for a mixture of 
methane and air in a glass tube 2°5 cm. in diameter was 67 cm. per 
sec. when 9°9 per cent. of methane was present, and that the highest 
initial rate for a mixture of pentane and air in the same tube was 
83 cm. per sec. when 2°92 per cent. of pentane was present. Now 
on mixing 77 volumes of the pentane-air gas with 23 volumes of 
the methane-air gas, the rate of uniform combustion was found to 
be 79 cm. per sec., the calculated rate on the straight line being 
79°3 cm. per sec. 

It has to be observed that these maximum rates for the slow 
propagation of flames through paraffin—air gases tend to a constant 
value, and therefore the rate of flame-propagation for any mixture 
of them would naturally lie close to a straight line joining the 
maxima of any pair. 

But when hydrogen-air gas was mixed with methane-air gas, 
in a similar experiment, the rate of the flame fell short of the calcu- 
lated rate by 15 per cent. It would appear, then, that mixtures 
containing hydrogen may not conform so closely to the “ speed 
law.” 

Dr. Wheeler is of opinion that his speed law applies, not only to 
the initial phases of explosion, but also to the period of acceler- 
ation, and—with certain limitations—to the explosion-wave itself. 

Lastly, in all the formule which have been proposed for calcul- 
ating the velocity of the explosion-wave from the heat and volume 
changes in the reacting gases it has been assumed that the flame 
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proceeds as an intense compression-wave, and that its rate depends 
inter alia on the mean density of the gases concerned. Thus Prof. 
Jouguet has shown that the result of adding an equal volume of 
nitrogen or of hydrogen to electrolytic gas is a retardation or an 
acceleration of the wave which can be calculated from the mean 
densities of the mixtures. 

There would seem, therefore, to be three different conceptions of 
the mechanism by which « flame may be propagated in explosive 
mixtures of gases: (i) that each kind of molecule formed in the 
flame-front may carry it forward in turn with its own velocity over 
equal distances ; (ii) that each kind of molecule formed in the 
flame front may carry it forward with its own velocity during equal 
intervals of time ; and (iii) that the propagation is independent of 
the motions of the individual molecules, but depends on their mean 
velocity and therefore on the mean density of the gases. 

It thus became of interest to determine with some accuracy the 
rate of the explosion-wave in mixtures of hydrogen and carbon 
monoxide Knall-gas under uniform conditions, especially in those 
cases where only small quantities of the carbon monoxide were 
replaced by hydrogen; for by continuing the curve drawn through 
the rates found with diminishing quantities of electrolytic gas one 
may arrive at the “theoretical rate” for pure carbon monoxide 
Knall-gas—which is the “ effective ” rate used by Dr. Wheeler in 
his calculations. 

The explosions were carried out in a coiled lead pipe of 12°5 mm. 
internal diameter; the distance between the two silver “ bridges ” 
was 69°156 metres. The “ firing-piece ’”’ was a straight copper tube 
1:45 metres in length; it joined the lead pipe through a full-bore 
tap, and was fitted at one end with a tap and firing-wires and at the 
other (close to the full-bore tap) with a small by-pass tap. The 
firing piece could thus be filled, through the lead coil, with the 
same mixture as that to be fired in the coil, or independently with 
electrolytic gas through the by-pass. 

In the preliminary experiment the pendulum of the chronograph, 
moving a key, broke simultaneously the currents holding down the 
two styles, which registered their marks on the moving plate as they 
were pulled upwards by their springs: the two styles were then 
connected with the two silver bridges, and the key was connected 
with the coil and firing wires. On releasing the pendulum a second 

time, the movement of the key caused a spark to pass, and the 
flame passing along the firing-piece developed, after a shorter or 
longer run, the explosion-wave which broke the first bridge and 
traversing the coil broke the second bridge in turn. The two styles 
were therefore released in turn and registered their marks on the 
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moving plate. The interval between the two marks registered by 
the first style, A, gave the time between the passage of the spark 
and the breaking of the first bridge—independently of any error of 
the electro-magnet if the resistances of the circuits were properly 
adjusted; and similarly the interval between the two marks 
registered by the second style, B, gave the time between the passage 
of the spark and the breaking of the second bridge. The differ- 
ence between these two intervals gave the time taken by the 
explosion wave to travel the known distance between the two 
bridges. 

After proving the efficiency of our train of drying tubes by failing 
to fire the carbon monoxide Knall-gas, either by a direct. spark, or 
by the shock of the explosion-wave set up in electrolytic gas filling 
the firing-piece, we proceeded to try the effect of replacing a very 
small quantity of carbon monoxide by hydrogen. We were at once 
struck by thefact that when the firing-piece was filled with electrolytic 
gas, and the mixture in the coil was fired by the shock of the rapidly 
moving explosion-wave generated in electrolytic gas, the rate in 
the mixture was distinctly lower than when the firing-piece was 
filled with the same mixture as in the coil. 

In the following table are given the distances, aa’, between the 
marks of the first style (from spark to first bridge) and the distances, 
bb’, between the marks of the second style (from spark to second 
bridge) and the rates measured from the differences between them, 
(I) when the firing-piece was filled with electrolytic gas, and (II) 
when filled with the mixture in the coil : 


TABLE III. 
ANS nécexsctcds co. O,. Hj. 
VGN: scsecivcenss 99-25 50 0-75 
Style marks mm. 
aa’. bb’. Rate m/sec. 
I 3°3 107-0 1701 
7-0 112-0 1680 | 
7-2 112-0 1684 { 1694 
4:3 107°5 1710 
Ta 5-9 109-7 1700} 
5-2 109-4 1694 | 1695 
3-6 108-0 1690 
II 24-4 123-9 1759) 4 
25-9 126-8 17455 1752 


Our first surmise—that some constriction between the firing-piece 
and the first bridge had damped down the explosion-wave in the 
manner discovered by Dr. C. Campbell—was shown to be unfounded 


when the experiments were repeated with a junction-piece with a 
N N* 
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larger bore. The measurements made with the new junction-piece, 
tabled above under Ia, gave the same mean rate as before when the 
firing-piece was filled with electrolytic gas. 

A similar discrepancy in the rates was found when a larger 
quantity of hydrogen was introduced; the rate was slower when 
the ignition was caused by electrolytic gas than when the firing. 
piece was filled with the mixture in the coil : 


TABLE LV. 


CE sinienciscens Co. O,. Hi. 
VOR 5 .00e<ee00e. 98-5 50 1-5 
Style marks mm. 
aa’. bb’. Rate m/sec. 
I 5-2 107-2 1731 
3:5 105-1 1738 | 1736 
3-9 105-3 1740 
II 19-3 118-9 1769) yan 
15:8 115-4 17705 1770 


It remained now to determine whether the slower rate found with 
“electrolytic” firing was due to a temporary damping down of 
the explosion-wave at the junction of the two gas mixtures or to a 
permanent alteration in the nature of the explosion. A tube 1°4 
metres in length was therefore introduced between the firing-piece 
and the first bridge, so that if the retardation was due to a tem- 
porary damping down of the flame at the junction of the two gases 
the explosion-wave might have time to be re-established before 
the flame reached the first bridge. It was found that, with this 
longer run, concordant results were obtained whether the firing 
piece were filled with electrolytic gas or with the mixture in the coil, 
and the rates agreed with the faster determinations previously 
made. The mean rates found for the explosion-wave in the two 
mixtures were : 


Co. 0,. Hy. Rate. 
99-25 50 0-75 1754 
98-5 50 1-5 1758 


Further to test the question of the damping down and recuperation 
of the explosion-wave in carbon monoxide Knall-gas, experiments 
were made with small quantities of aqueous vapour in place of 
hydrogen. In the first sets (I), the firing-piece, filled with electro- 
lytic gas, came close to the first bridge; in the second sets (II), the 
extra tube was introduced between the firing-piece and the first 
bridge to allow time for the recuperation of the wave : 
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TABLE V. 
co. O.. H,O. Rate. 
I 99-25 50 0-75 1633 
If - io ss 1661 
I 98-5 50 1-5 1673 
Il ” ” ” 1708 


The temporary damping down of the explosion-wave by “ electro- 
lytic firing ” is thus shown to exist whether the carbon monoxide is 
made explosive by small quantities of hydrogen or by small quan- 
tities of steam. If it be true that pure carbon monoxide and oxygen 
do not combine with explosion because the product—carbon 
dioxide—would be above the temperature at which it would be 
mainly dissociated (H. B. Dixon, T., 1896, 69, 774), the same 
hypothesis might explain the discontinuity of the wave where the 
highly heated steam molecules, formed in the “electrolytic” wave- 
front, came into collision with the carbon monoxide mixture with 
its small hydrogen—or steam—content. In this zone of rapid 
molecular motion the oxidation of the carbon monoxide might be 
too slow to maintain the explosion-wave, just as it is in the explosion 
of cyanogen with twice its volume of oxygen, where the heated 
carbon monoxide as it is formed in the wave-front is inert towards 
oxygen, but combines with it slowly behind the wave-front. 

It would follow from this hypothesis that, as the carbon monoxide 
is gradually replaced by more hydrogen in the mixed gases, the 
discontinuity should grow less and disappear; and at the other end 
of the scale where the carbon monoxide Knall-gas is fired with a 
great excess of electrolytic gas, the carbon monoxide should act 
largely as an inert gas and retard the wave as such. Both these 
anticipations have been verified: when 7°5 per cent. of the com- 
bustible gas was hydrogen, no discontinuity was found in the 
explosion-wave however the mixture was fired; when 7°5 per cent. 
of the combustible gas was carbon monoxide, the latter had 
practically the same retarding effect as an equal volume of nitrogen. 

In Fig. 1, a line is drawn through the rates found for the unbroken 
explosion-wave when small quantities of hydrogen are substituted 
for carbon monoxide. The line is slightly curved and, continued 
backwards, cuts the speed ordinate for pure carbon monoxide 
Knall-gas close to 1750. We have therefore taken this as. the 
“theoretical rate.” It is in substantial agreement with the rate 
derived from the old experiments made thirty years ago in this 
laboratory ; it was then found that carbon monoxide Knall-gas had 
a maximum rate of explosion of 1738 metres per second when it 


contained about 5-5 per cent. of water vapour. 
NN*2 
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At the other end of the curve the mean velocity found for pure 
electrolytic gas at 40° was 2810 m/sec., which is in close agreement 
with the old determinations—namely, 2821 m/sec. at 10° and 
2790 m/sec. at 100°. 

In the following table the means of the rates measured for various 
mixtures are set out, when hydrogen is made to replace the carbon 
monoxide step by step in the gas mixture—2CO + O,; the total of 
the combustible gas being always 100 and the oxygen 50. In 
italics are given the rates, A, calculated from the distances travelled 
by each ingredient in equal times, and the rates, B, calculated from 
the times taken by each ingredient to travel equal distances. 


Fic. 1. 

Rates of explosion-wave in mixture 2CO + O, when small 
quantities of H, replace CO. 

1870 ) 


| 
1850 | Se i | 


1830 —_——— tH 


1810 } + 


a 


6 ji 


1750 | 
H,=0 25 50 75 10 125 15 £44, 
CO=100 97-5 95 92:5 90 87:5 85 CO 


TABLE VI. 


Rates of explosion-wave in mixtures of H,- and CO-Knall-gas 
compared with calculated rates. 
CO. 100 99:25 985 925 85 62:5 50 25 15 7-5 0OCO. 
H,. 0 0-75 81:5 75 15 37:5 50 75 85 92-5 100 H,. 
A 


Cal. rates 
1750 1758 1766 1830 1909 2147 2280 2545 2651 2730 2810 


Rates 
found 
(1750) 1754 1758 1796 1858 2020 2130 2391 2507 2643 2810 


B. 
Cal. rates 
1750 


Iv55 1760 $1799 1856 2038 2155 2439 2576 2688 2810 
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The measurements show that the velocities of the explosion- 
wave in the mixed gases follow the curve B closely at first, and do 
not deviate much from it so long as the hydrogen does not replace 
more than half the carbon monoxide; the rates found all appear to 
fall below the straight line, A, joining the two extremes. 

As to the falling off in velocity when the hydrogen is in excess, 
we may recall the calculation of Jouguet, who gives the temperature 
in the wave-front of pure electrolytic gas as 3,956° Abs. At this 
temperature a small percentage of carbon dioxide added to the 
electrolytic gas would be largely dissociated; in other words, the 
carbon monoxide would be only partly burnt, and would act largely 
as an inert gas. In order to test this, experiments were made with 
mixtures containing 85 and 92-5 volumes of hydrogen with 15 and 
75 volumes of nitrogen instead of carbon monoxide. In the first 
mixture the replacement of the 15 volumes of carbon monoxide by 
nitrogen was marked by a fall in rate of 24 metres per second, 
showing that the carbon monoxide was not wholly inert under these 
conditions: but in the second experiment, when 7-5 volumes of 
carbon monoxide were replaced by nitrogen, the rate fell only 3 
metres per second. 


TABLE VII. 

Rates of explosion-wave when CO is replaced by Ng. 
CO BERGUPCB. ....6<65500050. H, O, CO 4, O, co 
IIIS. a knecdtcisccwcscssbes 85 50 15 92-5 50 7-5 

‘cisplatin eapuiination” es 
Rates found .........ccce0e 2507 2643 
Wg MNMINE censsdceecesese H, O, N, i. O, N, 
WN anitedecensceonsacinns 85 50 15 92-5 50 7:5 
ne ee 
Pe 2483 2640 


Now the rates of these mixtures may be calculated approximately 
from the known rate of pure electrolytic gas on the assumption that, 
for small replacements, the rates will vary as the square roots of 
the absolute temperatures divided by the densities. Calculated in 
this way, the theoretical rate for the mixture 85H, + 500, + 15N, 
would be 2480, and for the mixture 92-5H, + 500, + 7-5N, would 
be 2638. The rates found by experiment for these two mixtures 
come exceedingly close to those calculated as above. 

In these experiments some nitric oxide was formed by the union 
of the nitrogen with the excess of oxygen, as would be expected 
from the high temperature and the sudden cooling characteristic 
of the explosion-wave. Other experiments with oxygen only as 
the inert gas in place of the carbon monoxide gave rates somewhat 
slower than those found for the above mixtures; and experiments 
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with nitrogen only in place of the carbon monoxide Knall-gas gaye 
rates slightly faster than those found for the above mixtures. These 
measurements leave no doubt that the carbon monoxide Knall-gas, 
when mixed with a large excess of electrolytic gas, is indistinguish- 
able in its damping effect from a similar mixture of nitrogen and 
oxygen; the carbon monoxide appears therefore to be largely inert 
to the oxygen in the wave-front. 


The Explosion of Mixtures of Hydrogen and Carbon Monoxide with 
Oxygen in Defect. 


The experiments on the passage of the explosion-wave through 
mixtures of hydrogen and carbon monoxide with insufficient oxygen 
for complete combustion were made with the two objects—(i) of 
measuring the rates of the waves in the several mixtures, and (ii) 
of determining the division of the oxygen between the two combus. 
tibles under the conditions of the explosion-wave in a long tube. 
To insure that the division of the oxygen should not be affected by 
the removal of the steam from the sphere of action by condensation 
on the walls, it was found necessary to heat the tube to a temper. 
ature at which the pressure of saturated water-vapour would be 
greater than that exerted by the steam in the gaseous products of 
explosion at that temperature. The following experiments illustrate 
the difference between the end-products when the temperature of 
the tube is below or above the condensation-point of the steam 
formed in the explosion. After each explosion, the gases were 
blown out at one end of the tube by a current of air sent in at the 
other end, and samples of the products were collected over mercury. 
The volumes of carbon dioxide, carbon monoxide, and hydrogen 
were determined in a Bone and Wheeler apparatus; the volume 
of the carbon dioxide and carbon monoxide being equivalent to the 
carbon monoxide originally taken, and the volume of the hydrogen 
and water vapour being equivalent to the hydrogen originally 
taken : 


TaBLe VIII. 

Effect of wall-temperature on the division of oxygen. 
Composition Composition Division 
of mixture. Temp. Rate. of products. of oxygen. 
—— ; ‘ CO x H,0O. 

co. O,. Hy. m/sec. co. CO,. H,. H,0O. co, 4 Hi. 
i 3 25 25 45° 1945 46:0 29-0 5-0 20-0 6-3 
is Ps - 85 1947 43-8 31-2 62 18-8 4-3 
II 50 25 50 40 2210 36-8 13:2 13-1 36-9 7-8 
ae PA a 85 2215 342 158 16-4 33-6 4-4 
III 25 25 75 60 2608 42 20-8 28-8 46-2 7-9 
pe nS os 85 2614 5-6 19:4 32-7 42-3 4-5 
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In each of these experiments the volume was reduced by the 
combination of the oxygen from 125 to 100; therefore, when the 
gaseous products had assumed the temperature of the tube, the 
pressure was reduced from 760 mm. to 608 mm. 

These experiments show that when the products of the incomplete 
combustion of hydrogen and carbon monoxide in the explosion- 
wave cool down under conditions where all four gases are free to 
react, the ‘‘ water-gas equilibrium ” is found to be nearly constant ; 
hut whenever there is a chance of the condensation of steam taking 
place during the secondary reactions the equilibrium is displaced. 
The metal tube is thus shown to have precisely the same effect on 
the secondary reactions after the explosion-wave as the glass 
eudiometer was originally shown to have in the ordinary explosions 
of similar gas mixtures (Phil. Trans., 1884, 175, 667). 

In all our further experiments on the division of oxygen between 
the two gases the temperature of the tube was maintained between 
85° and 90° in order to eliminate the chance of condensation. 

The effect of small replacements of carbon monoxide by hydrogen 
in the mixture 4CO + O, was next studied. When I or 2 per cent. 
of hydrogen only were present, the phenomena observed were 
closely analogous to those described in the complete combustion of 
similar mixtures : the explosion-wave was damped down temporarily 
when the mixture was fired by electrolytic gas. When an extra 


of § length of tube, filled with the mixture, was inserted between the 
am § firing tube and the first bridge, normal rates were obtained. When 
ere 5 per cent. or more of hydrogen were present the rates were normal, 
the however the mixture was fired. 
ry. 
en TABLE IX. 
ne Rates found. 
he Mixtures. ~~ = 
— (i) Fired by (ii) Fired by its 

en CO. O.. H,. el. gas. own mixture. 
ly 99 25 1 1671 1747 

98 25 2 1713 1755 

95 25 5 1776 1776 


When the rates obtained with the above mixtures are plotted 
against the percentage of hydrogen in the combustible gas, the 
points lie almost on a straight line, which, being continued back- 
wards, cuts the speed-ordinate close to the rate 1740 m. per sec. 
This has therefore been taken as the theoretical rate for the explosion- 
wave in carbon monoxide when fired with one-quarter its volume of 
oxygen. 

At the other end of the curve the mean value found for the 
explosion-wave in the mixture 4H, + O, at 85° was 3284 metres 
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per sec. To test the question whether a small quantity of carbon 
monoxide replacing the hydrogen would be inert in the wave-front 
(as in the corresponding case where the combustible gas was wholly 
burnt), comparison-experiments were made with 15 and 7:5 per 
cent. of the hydrogen replaced by carbon monoxide and nitrogen, 
respectively. The following results were obtained : 


TABLE X. 
Mixture. Rate. 
H, + 0, + CO 
85 25 15 2819 
H, +0,+N 
88 26 15 2785 
H, + 0, + CO 
925 25 7:5 3015 
H, + oO, + Nz 3000 


92-5 25 7:5 


When the hydrogen was replaced by carbon monoxide, the 
rates found were distinctly faster than those obtained with the 
same volume of nitrogen. It would seem, then, that the inertness 
of carbon monoxide, which appears to be a prominent factor when 
7-5 per cent. of this gas replaces hydrogen in electrolytic gas, is no 
longer pronounced when the oxygen is reduced by one-half, and the 
temperature in the wave is correspondingly lowered. 

In the following table are given the mean rates found for the 
explosion-wave when varying mixtures of carbon monoxide and 
hydrogen were half-burnt by oxygen: above the observed rates are 
given: A, the rates calculated from “ equal times,’”’ and below are 
given, B, the rates calculated from ‘equal distances.” The 
latter agree fairly closely with the observed rates for the mixtures 
containing small percentages of hydrogen; they diverge from the 
observed rates for mixtures containing more than 25 per cent. of 
hydrogen. 


TABLE XI. 


Rates of explosion-wave in mixtures of CO and H, when half the 
combustible gas ts burnt. 


H,. 0 1 2 5 25 50 75 85 92-5 100 H,. 
co. 100 99 98 95 75 50 25 15 7-5 0 CO. 
A. Cal. 
[1740] 1755 1771 1817 2126 2512 2900 3052 3168 3284 
Rates 
found 


(1740) 1747 1755 1776 1952 2212 2614 2819 3015 3284 
B. Cal. 
[1740] 1748 1757 1782 1972 2275 2688 2898 3079 3284 
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Rates of Explosion-Wave and Division of Oxygen in Electrolytic Gas 
Diluted with Carbon Monoxide. 


In the following experiments the explosion-wave was transmitted 
through electrolytic gas diluted with successive additions of carbon 
monoxide in molecular proportions. The coil was maintained at 
85°, and samples of the resulting gases were collected over mercury 
and analysed as before. The mean results are given below : 


TABLE XII. 


CO x H,O — 
Mixture. Rate m/sec. CO, x H, —" 
19-4 x 51-9 
9 —————-—— = 4. 
2H, + O, + CO 2411 30-18 4-9 
34:2 x 33-6 
9 9915 boi slit on Ae 
2H, + O, + 2CO 2215 ee iba = 4-4 
44-5 x 23-4 
9 = 4. 
2H, + O, + 3CO 2084 EE 168 = 4-1 
BR". of 
the 2H, + O, + 5CO 1876 ore x 268 = 4-2 
the . 
ness 


Rates of Explosion-wave and Division of Oxygen in Carbon Monoxide 
Knall-gas Diluted with Hydrogen. 

In a similar way the explosion-wave was transmitted through 
carbon monoxide Knall-gas diluted with successive proportions of 
hydrogen—the coil being maintained at 85°. The resulting gases 
were analysed as before. The mean results are given below. 


TaBLe XIII. 


Mixture. Rate m/sec. CO, xX H, 


" 2CO, + O, + 3H, 1902 eee |OU= 30 
2CO + 0, + H, 2035 eee = 43 
. 2CO + 0, + 2H, 2215 ee 
2CO + 0, + 4H, 2430 exes = 50 


We have to thank the Scientific and Industrial Research Depart- 
ment for a grant which enabled one of us to devote his whole time 
to the research, and we are indebted to Mr. F. J. Hartwell, B.Sc., 
for assistance given in carrying out the experiments. 


CHEMICAL LABORATORIES, 
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CXVII.—Yohimbine (Quebrachine). Part II. apo. 


Yohimbine and Deoxy-yohimbine. 
By GrorcE BarGEeR and ELLEN FIELD. 


IN a previous communication on the constitution of yohimbine 
(T., 1915, 107, 1025), we showed that by the action of cold concen. 
trated sulphuric acid on the alkaloid a substance of the composition 
C,.H,,O0,N.8 or C,,H,,0,N.8 * was produced. At the time we 
thought that sulphonation had taken place, and the name yohim. 
binesulphonic acid was accordingly suggested for the compound. 
A more detailed study of its properties, however, has shown us that 
this assumption is incorrect. Thus, although it dissolves readily 
in cold alkalis, and is reprecipitated unchanged on acidification, 
or in the case of solution in ammonia by prolonged boiling, when a 
solution in dilute sodium or potassium hydroxide is heated 
above 60°, sulphuric acid is eliminated with the production of a 
base C,.H,,O.No, or C,,H,,0,N,, containing the elements of water 
less than yohimbine. The name apoyohimbine is suggested for 
it.| This ready removal of sulphuric acid is evidently inconsistent 
with the view originally expressed that the sulpho-group is attached 
to a benzene ring, but can be easily explained on the assumption 
that an alcoholic hydroxy! group present in yohimbine is esterified ; 
evidence of the probable presence of a hydroxy-group has already 
been given by Spiegel (Chem. Zig., 1899, 23, 60), who has shown 
that the alkaloid yields an acetyl derivative on prolonged boiling 
with acetyl chloride. This hydroxyl evidently forms an ester with 
sulphuric acid, which, like ethyl hydrogen sulphate, can lose a 
molecule of the acid with the production of an ethylene linking. 
That the formation of apoyohimbine is accompanied by the intro- 
duction of such a linking into the molecule is proved by its cata- 
lytic hydrogenation to dihydroapoyohimbine (= deoxy-yohimbine), 
CoH, ,0,N, or Cy,;H,g0.N,. The compound previously named 
yohimbinesulphonic acid is thus a sulphuric ester, and it is accordingly 
proposed to refer to it henceforth as yohimbine sulphuric ester. 
Owing to the ease with which the methyl] attached to the carboxyl 
in yohimbine sulphuric ester is removed by hydrolysis, the conversion 
of this compound into apoyohimbine does not take place quanti- 


* In the course of this work no evidence has been obtained which permits 
of a choice between the:formule for yohimbine of Spiegel (Ber., 1915, 48, 
2084) with 22 carbon atoms and of Fourneau and Page (Bull. Sci. Pharmacol., 
1914, 21, 7) with 21 carbon atoms. We are now, however, convinced that 
yohimbic acid has 20 carbon atoms. 

¢ Anhydroyohimbine would lead to confusion, since Spiegel has used this 
name for yohimbine itself, and subsequently abandoned it. 
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atively. ‘The two reactions, namely, (1) the removal of sulphuric 
id with the formation of apoyohimbine, (2) the hydrolysis of the 
methyl ester grouping, proceed concurrently. It is proposed to 
name the product of the second reaction anhydroyohimbic acid 
sulphuric ester, Cyp9H,,0,N,S, for the reason that it contains the 
edements of water less dun the corresponding compound, yohimbic 
aid sulphuric ester, Co9H,,0,N.S, which we have now prepared by 
the action of sulphuric acid on yohimbic acid itself. It will be 
recalled that yohimbic acid has the formula C,)>H,,0,N>, and thus 
contains the elements of water more than would be expected if 
it were produced by the simple hydrolytic removal of the methyl 
ester grouping of yohimbine; evidently these elements are retained 
even after the treatment with concentrated sulphuric acid which is 
necessary for the conversion of yohimbic acid into the sulphuric ester. 

It is remarkable that the sulphuric ester grouping in anhydro- 
yohimbic acid sulphuric ester is much more stable than that in 
yohimbine sulphuric ester. Prolonged boiling with concentrated 
alcoholic potash, however, removes sulphuric acid, with the formation 
of apoyohimbic acid, Cy9H,.0.N., which on esterification with methyl 
alcohol yields apoyohimbine. Yohimbic acid sulphuric acid under 
similar conditions gives rise to the same acid, thus losing a molecule 
ea@h of sulphuric acid and water. 

The relationship between the various compounds described above 
is shown in the following scheme : 


Yohimbine 
Cy2H,03N2 or C.,H2,O;N, 


Cop : 
«ds os Sm Pg 
we =< 
kL =~ 


Yohimbie acid Yohimbine sulphuric ester 


CopH.,0,No C,.H,,0,N,8 or C,,H2.0,N.8 
| conc. H,SO, dil. KOH 
v 
Yohimbic acid sulphuric ester wit 
C,,H2;0;N.8 we i 
2 ai? wo 
Ne Anhydroyohimbic acid apoY ohimbine 
i; sulphuric ester 
\ C.,H,,0,N.8 C,.H,,0,N, or C.y;H,O,N 


apoYohimbic acid 
Cx9H2202N 2 


NX cone. ates 
KOH yoo 
Y AKC ays 
x} 
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Dihydroapoyohimbine (= deoxy-yohimbine), prepared by cata. 
lytic reduction, has the hydroxyl group of the original alkaloid 
replaced by hydrogen; the two remaining oxygen atoms are in the 
carboxyl group. By elimination of this it should be possible to 
obtain an oxygen-free base. The hydroxyl of yohimbine is evidently 
present in a reduced ring, not in a benzene ring. 


EXPERIMENTAL. 


Hydrolysis of Yohimbine Sulphuric Ester. Formation of apo. 
Yohimbine and Anhydroyohimbic Acid Sulphuric Ester.—Five 
grams of yohimbine sulphuric ester were dissolved in the cold in 
100 c.c. of a 2 per cent. solution of potassium hydroxide. The 
solution was then heated at between 60° and 80° and maintained 
at this temperature for a few minutes. apoYohimbine separated and 
was removed after cooling by repeated extraction with ether, in 
which it is somewhat sparingly soluble. The solution was then 
reheated to 80°, when a further separation of apoyohimbine took 
place which was again removed by ether. This process was repeated 
until no further precipitation occurred on boiling the solution 
for five minutes. The ethereal extract on evaporation yielded 15 
grams of crystalline apoyohimbine. In repeated experiments 
where this procedure was adopted, the yield was found to be aln@ost 
constant, amounting to 30 per cent. of the ester taken. When 
higher concentrations of alkali were used or when boiling was 
continued without removing the apoyohimbine at intervals as 
described above, the yield was diminished. 

apo Yohimbine crystallises in short, stout prisms melting at 
251—252°. It is sparingly soluble in methyl or ethyl alcohol, 
benzene, chloroform, acetic acid, or ligroin, and moderately soluble 
in ether. The free base is somewhat unstable, becoming coloured 
on exposure to light, or on prolonged heating at 120°. A solution 
in glacial acetic acid acquires a yellowish-green fluorescence on 
standing. It is optically active, having [«], about + 40°, but owing 
to the colour of the solution, the rotation could not be observed with 
very great accuracy. 

The hydrochloride is produced by the addition of hydrochloric 
acid to an alcoholic solution of the base, or of ammonium chloride 
to a solution in dilute acetic acid. It is characterised by its very 
slight solubility in water (1: 1300 at room temperature) and the 
beautiful, glistening, rhomb-shaped plates which it forms on 
recrystallisation from hot aqueous alcohol. It melts at 299—300° 
with decomposition (Found: C = 67:93; H = 6°79. C,,H,,0.N;2, 
HCl requires C = 68°30; H= 6-98. C,,H,,0,N,,HCl requires 
C = 67°65; H = 6°71 per cent.). 
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After removal of apoyohimbine, the mother-liquor yielded on 
“Bi widification with hydrochloric acid 2°5 grams of an amorphous 
precipitate of anhydroyohimbic acid sulphuric ester. It was 
purified by dissolving in ammonia and acidifying the hot dilute 
slution with hydrochloric acid. Radiating prisms separated as 
the solution cooled. 

Anhydroyohimbic acid sulphuric ester is readily soluble in alkalis, 
acetic acid, or aqueous alcohol, but very sparingly soluble in water 
(Found : C = 57:20; H = 5°85. C,9H,,0,N.S requires C = 57°14; 
H = 5°71 per cent.). 

Hydrolysis of Anhydroyohimbic Acid Sulphuric Ester. Formation 
of apoYohimbie Acid.—Five grams of anhydroyohimbic acid 
sulphuric ester were heated for two hours with 15 c.c. of 40 per cent. 
potassium hydroxide in 75 per cent. alcohol. After evaporation 
of the alcohol, the potassium salt of apoyohimbic acid solidified. 
It was dissolved in hot water and the solution acidified strongly 
with hydrochloric acid. A micro-crystalline precipitate of the 
hydrochloride of the acid separated. It was purified by solution 
in ammonia and reprecipitation with hydrochloric acid. 

apo Yohimbic acid hydrochloride crystallises in rosettes of prisms 
melting at 301° with decomposition (Found: C = 66°87; H = 6°38. 
Cx9Ho0,N,,HCl requires C = 66:94; H= 6:41 per cent.). It 
is moderately soluble in hot water, but, owing to hydrolysis of 
the salt, separates as a gel on cooling, and can only be crystallised 
in the presence of a considerable excess of hydrochloric acid. 

The free acid could not be obtained in a crystalline condition, 
probably owing to its amphoteric nature. Neutralisation of the 
potassium salt with acetic acid produced only an amorphous 
precipitate which was doubtless a mixture of acid and acetate. 

Esterification of apoYohimbic Acid.—One gram of apoyohimbic 
acid hydrochloride, suspended in 50 c.c. of methyl alcohol, was 
saturated with dry gaseous hydrogen chloride. During this process 
solution gradually took place, and after standing for two hours the 
ester hydrochloride separated. It was identified as apoyohimbine 
hydrochloride by the characteristic form of the crystals, its sparing 
solubility, and its melting point. Further, the free base had 
a melting point of 252° which was not lowered when it was admixed 
with apoyohimbine. 

Yohimbic Acid Sulphuric Ester and its Hydrolysis—In the 
preparation of yohimbic acid sulphuric ester in quantity it was 
found very difficult to prevent the yohimbic acid from forming a 
sticky cake into which the sulphuric acid could not penetrate, and 
this difficulty was overcome by grinding the yohimbic acid with 
fine sand. 
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Ten grams of yohimbic acid were ground in a mortar with twicg 
its bulk of sand, 30 c.c. of concentrated sulphuric acid were they 
added, and the grinding was continued until the yohimbic acid had 
dissolved to form a thick, syrupy liquid above the sand. The 
mixture was then poured on ice and the precipitated ester collected 
by the aid of the pump. An almost complete mechanical separation 
from the sand can be effected by stirring and decantation of 
the lighter precipitate from the heavy sand. The last traces of 
yohimbic acid sulphuric ester were finally removed from the sand 
by solution in ammonia and reprecipitation by dilute hydrochloric 
acid after filtration. Yield 9 grams. (In the preparation of large 
quantities of yohimbine sulphuric ester, the same procedure was 
adopted.) 

Yohimbic acid sulphuric ester is best purified by solution in 
ammonia and acidification of the hot solution with dilute hydro. 
chloric acid. It crystallises in fan-shaped clusters of needles, and 
is very sparingly soluble in water and most other neutral solvents, 
and readily soluble in alkalis (Found: C = 54°77; H = 5:98. 
Cy9H,,0,N,8 requires C = 54°79; H = 5°93 per cent.). 

The hydrolysis was carried out under similar conditions to those 
described above for anhydroyohimbic acid sulphuric ester. The 
acid derived from the hydrolysis was purified as the hydrochloride, 
which melted at 301°, and gave the following results on analysis, 
proving it to be identical with apoyohimbic acid (Found : C = 66°49; 
H = 6°35. Cy 9H ,.0.N,,HCl requires C = 66°94; H = 6°41 per 
cent.). 

Deoxy-yohimbine.—Five grams of apoyohimbine were dissolved 
in 100 c.c. of 10 per cent. acetic acid, and reduced by means of 
hydrogen under an excess pressure of one and a half atmospheres, 
using palladium chloride and a little gum arabic as catalyst, 
according to the method described by Skita (Ber., 1911, 44, 2863). 
Slightly more than the theoretical volume of hydrogen for addition 
of two hydrogen atoms was absorbed during the space of about 
four hours. The solution was then made alkaline with ammonia 
and the precipitated base shaken out with ether. After removal 
of the ether, the product was recrystallised from methyl] alcohol, 
and melted at 200—203°. Deoxy-yohimbine crystallises in long, 
slender prisms which are sparingly soluble in ether, alcohol, or 
ethyl acetate, and is considerably more stable than apoyohimbine, 
showing no tendency to darken on exposure to light or on heating 
at 160° (Found: C= 74:02; H=1756. C,,H,,0,N, requires 
C= 75:00; H= 7:93. C,,H,,0,N, requires C = 74°55; H = 7°69 

per cent.). Like apoyohimbine, it gives a sparingly soluble hydro- 
chloride. 


pl 
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The yohimbine employed in this research was partly purchased 
with a grant from the Moray Research Fund of this University, 
and partly presented to us by Messrs. Hoffmann-Laroche, of Basle. 
For both kinds of assistance we wish to record our thanks. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. [Received, March 29th, 1923.] 


(XVITI.—The Molecular Configurations of Polynuclear 
Aromatic Compounds. Part III. Diphenyl- 
3:5:3':5'-tetracarboxylic Acid. 

By Harotp Burton and JAMES KENNER. 


Ix the course of a discussion some years ago of Kaufler’s formula 
for diphenyl (Kenner, T., 1913, 103, 618), attention was directed 
to the observation of Ullmann (Annalen, 1904, 332, 73) that diphenyl- 
3: 3’-dicarboxylic acid does not furnish an anhydride, and thus 
differs from ordinary diphenic acid. It was pointed out that this 
difference would be evidence against an equivalence of the 3: 3’- 
and the 2 : 2’-positions in diphenyl, such as would be involved in 
the formule (I) and (II) in which the planes of the two benzene 
nuclei are parallel, unless Ullmann’s compound were in reality a 
3: 5’-derivative (III). This reservation acquired greater significance 


™ rN / NN 

Nene Pig de en ad 
CO,H | CO,H CO,H 

-_ a | _CO,H 

i, ’ a” ye ™, 
bed eal \_7 
CO,H CO,H 

(1.) (IT.) (IIT.) 


when a second form of 6: 6’-dinitrodiphenic acid was discovered 
(Kenner and Stubbings, T., 1921, 119, 593), and became even more 
pertinent when it was shown that the synthetic form of this acid, 
prepared in the same manner as the above 3 : 3’-dicarboxylic acid, 


_CO,H cO,H 
4o™\ fo ™ 
ae 2 ‘0H 
(IV.) CO,H ° Mi (V.) 
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was probably to be looked on as a trans-acid, with carboxyl groups 
occupying the 2- and 6’-positions, if its formula were of the Kaufler 
type (Christie and Kenner, T., 1922, 121, 614). Obviously the 
deficiency thus indicated in the above argument might be repaired 
by an investigation of diphenyl-3 : 5 : 3’ : 5’-tetracarboxylic acid (IV). 
This acid was therefore synthesised by the usual process, which is 
represented by the following scheme : 


CO,Me CO.Me CO,Me CO,H CO,H 
Fa PF oe a cat 
Ra dl i a, 

CO,Me CO,Me CO,Me CO,H CO,H 


The acid was not converted into an anhydride by boiling with acetic 
anhydride, but was recovered unchanged. 

This result was obtained two years ago, and is now published in 
view of the appearance of a paper dealing with the configuration of 
benzidine (Adams, Bullock, and Wilson, J. Amer. Chem. Soc., 
1923, 45, 521), in which reference is made to the non-formation of 
an anhydride from diphenyl-3 : 3’-dicarboxylic acid as evidence 
against Kaufler’s formula in the case of this compound, but without 
mention of the possibility above explained. Publication had been 
previously withheld, because further work became desirable when 
other experiments performed in this laboratory by Mr. W. V. 
Stubbings showed that failure to obtain an anhydride from the above 
tetracarboxylic acid is not such decisive evidence against the 
Kaufler formula as it would at first sight appear to be. It could only 
be so if diphenyl-2: 6: 2’: 6’-tetracarboxylic acid (V) should 
furnish an anhydride in the same manner as diphenic acid does. 
The results of Mr. Stubbings’s work, however, were in agreement 
with the observations of Mayer (Ber., 1913, 46, 2298), who was 
unable to prepare an anhydride from this tetracarboxylic acid. A 
further point of difference between this acid and diphenic acid is 
seen in the fact that the chloride of the tetracarboxylic acid is easily 
obtained by the usual means, whereas attempts to prepare that of 
diphenic acid usually result in formation of the anhydride. This 
observation is not an isolated one, for Schmidt was similarly unable 
to prepare the anhydride of 4 : 4’-dinitrodiphenic acid (Ber., 1903, 
36, 3743). It is hoped to return to this point in the near future, 
and it is clear that the diphenyltetracarboxylic acids require further 
examination. 


EXPERIMENTAL. 


m-Iodoisophthalic acid was prepared according to the directions 
of Grahl (Ber., 1895, 28, 85). Its methyl ester forms small needles, 
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m. p. 104—105°, whilst the ethyl ester consists of small prisms, m.p. 
76° (Found : C = 40°93; H = 3°45. C,,H,,0,I requires C = 41°38; 
H = 3°73 per cent.). 

Diphenyl-3 : 5 : 3’ : 5’-tetracarboxylic Acid.—The methyl and ethyl 
esters were prepared by gradual addition of copper powder to an 
equal weight of the corresponding esters of m-iodoisophthalic acid 
at 220°, and finally heating the whole at 250°. This is necessary 
because the meta-orientation of the carbalkyloxy-groups with 
respect to the iodine atom appreciably diminishes the reactivity of 
the latter. After extraction with benzene, and further crystallis- 
ation from this solvent, the methyl ester was obtained in prisms, 
m. p. 209°, whilst the ethyl ester formed minute prisms, m. p. 
146—147° (Found: C = 65°36; H= 5°95. C,,H,,0, requires 
(0 = 65°16; H = 5°88 per cent.). 

The acid, prepared from the esters by alkaline hydrolysis, was 
insoluble in the ordinary solvents, but separated after dilution of 
its solution in concentrated sulphuric acid in microscopic prisms, 
which melted above 300° [Found : C = 57:72; H = 3°45; equivalent 
= 815. C,.H,(CO,H), requires C = 58°18; H = 3°03 per cent.; 
equivalent = 82°5]. 

The chloride crystallised from benzene in small prisms, m. p. 
128°. The amide, prepared from the chloride, formed very small 
needles, melting above 300°, and sparingly soluble in the usual 
solvents (Found: N =17°08. (C,,H,,0,N, requires N = 17:17 
per cent.). The sparingly soluble anilide formed small prisms, 
which blackened without melting at 280° (Found: N = 8°84. 
CypHg90,N, requires N = 8°88 per cent.). 

When the acid (2°5 grams, equivalent = 81°5) was boiled for ten 
hours with acetic anhydride (50 c.c.), it was recovered (equivalent = 
81°6) after allowing the mixture to cool, collecting the solid material, 
thoroughly washing it with dry benzene, and drying it at 120°. 


One of us (H. B.) expresses grateful acknowledgment of a grant 
from the Scientific and Industrial Research Committee which 
enabled him to participate in this work. 


THe UNIVERSITY, SHEFFIELD. (Received, March 14th, 1923.] 
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CXIX.—The Interaction of Hydrogen Sulphide, 
Thiocyanogen, and Thiocyanic Acid with Un. 
saturated Compounds. 


By FREDERICK CHALLENGER, ALAN LAWRENCE SMITH, and 
FREDERIC JAMES PATON. 


THE additive products obtained from two molecules of carvone 
or carvotanacetone and one of hydrogen sulphide in alcoholic 
ammoniacal solution have been investigated by a number of chemists 
without the exact constitutions having been determined. 

From the fact that carvone hydrosulphide does not react with 
phenylhydrazine * or semicarbazide, Harries and Stirm (Ber., 1901, 
34, 1931) suggested the constitution (I). Wallach (‘‘ Terpene und 
Campher,”’ 1909, p. 63), owing to the behaviour of many «(-unsatur. 
ated ketones on reduction, including carvone which gives dicarvelone 
(II), prefers the constitution (ITI). 

This type of structure is supported by the work of Steele (P., 191], 
27, 240), who showed that the hydrosulphide reacts with hydrogen 
cyanide, giving an unsaturated dinitrile containing four double 
bonds, two of which arise by elimination of water from the dicyano- 
hydrin. He me the formula (IV) 


i. 
CH,:CM ou< = SCMe , CMe<CH— CH CH-CMe‘CH, 
‘ CH, -C(OH) R C(OH): CH " 


(1.) 


CH,:CMe cH< 2'CO> CHMe CHMe<©0'CHes, (yr cMe:0H, 
H,-CH CH-CH, . 


(II.) 


CHy CH ~ oMe-SOMe — 2 CHS CH-CMe:CH, 
CH,--CO™ CO--CH,~ 
(III.) 


CH,:CMe‘CH< 


CH,-CH————S-———CE-CH,, 
CH,:CMe-CH< cy “CO? CHMe CHMe<o9.¢94, > CH-CMe‘CH, 


(IV.) 


CH,-CH S CH-CH, 
CHMe, CH<oy,.. CO >CHMe > CHMe< 9. CH, ">CH-CHMe, 


(V.) 


As the formula of Harries and Stirm contains four double bonds, and 
the Wallach-Steele structures only two, it appeared probable that 


* Carvone also is stated to be inert towards phenylhydrazine (Oddo and 
Piatti, Gazzetia, 1922, 52, ii, 333). 
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hide. Ftitration of the hydrosulphide with bromine in chloroform solution 
Un. at —15° would afford decisive evidence. 


The results we obtained clearly indicated the presence of two 
double linkings only. This was confirmed by the isolation and 
aalysis of carvone hydrosulphide tetrabromide, which melts and 


nd 
decomposes at 110—115°.* 
When dl-carvotanacetone hydrosulphide + (m. p. 205—207°) was 
Tvone # treated with bromine at —15°, no decoloration took place. This 
oholie behaviour is strong evidence that constitutions IV and V should be 
mists & ossimned to the two hydrosulphides. 

. After our work was concluded, we found that according to Ziem 
with (Diss., Leipzig, 1912, p. 19) carvone hydrosulphide reacts with four 
1901, atoms of bromine; a crystalline bromide was, however, not isolated. 
und Experimental details are not given, and the work does not appear 
atur- F in the main communication of Deussen and Ziem (J. pr. Chem., 
lone #1914, [ii], 90, 318). 
oul Formula (III) is also in agreement with our results, but in 
“4 Ef view of the general behaviour of «$-unsaturated ketones towards 
en F ammonia, hydroxylamine, and sodium hydrogen sulphite, the 
wo negative sulphur atom must be regarded as attached to the 6-carbon 

" § atom. 

Attempts to prepare an oxime or a methy] iodide additive product 

MH from the two hydrosulphides were unsuccessful, hydrogen sulphide 
“2 Ef being liberated. With zinc and acetic or hydrochloric acid, hydrogen 
sulphide was eliminated from carvone hydrosulphide even in the 

cold, and with zinc dust and ammonium chloride on heating. 

I, Hydrogen in presence of colloidal palladium failed to react with an 


ethyl acetate solution. 

isoThujone, prepared according to Wallach’s method (Annalen, 
1895, 286, 102; 1915, 408, 164), and therefore containing traces 
of carvotanacetone, gave a very small amount of solid product, 
but the bulk of the ketone did not react with alcoholic ammonium 
sulphide. Carvenone behaved similarly. Phenyl §-methylstyryl 
ketone, CMePh:CH-COPh, readily reacted, probably giving a 
mixture of compounds analogous to those obtained by Fromm 
(Annalen, 1912, 394, 290). Dihydrocarvone, tetrahydrocarvone, 


So 


* The possibility that this compound is in reality a partial substitution 
product, for example, dibromocarvone hydrosulphide dihydrobromide, 
would appear to be excluded by the stability towards bromine of carvotan- 
acetone hydrosulphide, where substitution might equally be expected. 

+ dl-Carvotanacetone was prepared by boiling thujone for several days 
under reflux, fractionating, and collecting between 222° and 232°. Much 
formation of resinous matter was observed. If, instead of isolating pure 
thujone, tansy oil was similarly treated, the conversion to carvotanacetone 
took place more slowly (compare Semmler, Ber., 1894, 27, 895). 
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pulegone, thujaketone, methylheptenone, pinene, limonene, amylene, 
terpineol, zsosafrole, anethole, and cinnamic acid did not react. 

It may be mentioned that in the absence of ammonia or othe 
base carvone hydrosulphide does not appear to be formed.* Fromn 
(loc. cit.) on the other hand, describes compounds formed by 


simultaneous addition of both ammonia and ‘hydrogen sulphide to § "° 
benzylideneacetone. Experiments are now in progress with a view whils 
to determine (a) why so many «$-unsaturated ketones do not com. yield 
bine with hydrogen sulphide, (b) the part played by the ammonia 1921 
in the reaction. In connexion with another research, our attention § ®°™ 
was directed to the properties of thiocyanogen, and it appeared both 
possible that, by studying the reactions of this radicle with unsatw. § * ‘ 
ated compounds, results might be obtained which would not he TI 
without some bearing on the behaviour of hydrogen sulphide. expe 
The reactions of thiocyanogen described by Sdderbick (Annalen, phet 
1919, 419, 217) may be divided into two main classes. In one type § "-? 


of reaction, the radicle combines directly with metals such as iron, 
mercury, and cadmium, to form the respective thiocyanates, or with 
cuprous thiocyanate, giving rise to the cupric salt. The second type 
of reaction is a substitution, since with aniline, dimethylaniline, and 
phenol the corresponding p-thiocyano-derivatives and thiocyanic 
acid are formed. With mercury diphenyl, one aryl group is 
eliminated as phenyl thiocyanate and mercury phenyl thiocyanate 
produced. In these and most of its reactions, thiocyanogen exhibits 


a close relation to the halogens. The direct addition of thiocyanogen A 
to organic compounds is not described by Séderbick or seemingly by § *™ 
any later worker. Challenger and Wilkinson (T., 1922, 121, 101) the 
have shown that triphenylbismuthine dithiocyanate, Ph,Bi(SCN),, am 
cannot be isolated from the interaction of thiocyanogen and the § 
bismuthine. An attempt to prepare this substance from triphenyl- fur 
bismuthine dichloride and lead thiocyanate also failed, the products 2 
in each case being diphenylthiocyanobismuthine and pheny] thio- of 
cyanate. Similar results were obtained with tri-«-naphthylbis- i 
muthine and its dichloride. 

These reactions further illustrate the analogy between thio- of 
cyanogen and iodine which was first referred to by Sdéderbick (loc. di 
cit.). Since di-iodides of tertiary aromatic stibines (Annalen, 1886, hy 
233, 51) and arsines (ibid., 1902, 321, 203) are known, whilst tertiary § ™ 
bismuthine di-iodides do not exist, it appeared probable that stable 7 
additive products might be obtained from thiocyanogen and tertiary § “° 
stibines, arsines, and possibly phosphines. Although such com- : 

* The hydrosulphide is formed, however, by passing hydrogen sulphide 8} 


into an alcoholic solution of carvone containing solid anhydrous sodium 
carbonate. 
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pounds might be expected to have little tendency to lose aryl 
thiocyanate, owing to the relative stability of derivatives of quinque- 
valent antimony, arsenic, and phosphorus, their susceptibility 
towards hydrolysing agents appeared very probable. Triphenylarsine 
dichloride, for example, is readily converted by atmospheric moisture 
into the hydroxychloride (Michaelis, Annalen, 1902, 321, 162), 
whilst triphenylarsine cyanobromide, (C,H;),As(CN)Br, similarly 
yields triphenylarsine hydroxybromide (Steinkopf and Schwen, Ber., 
1921, 54, [B],2791). Triphenylphosphine cyanobromide is even more 
sensitive to moisture, being converted into triphenylphosphine oxide, 
both negative groups being hydrolysed, unless special precautions 
are observed (Steinkopf and Buchheim, zbid., p. 1024). 

The results now to be described are in agreement with these 
expectations. With an ethereal solution of thiocyanogen, tri- 
phenylstibine yields triphenylstibine dithiocyanate, {CgH5)sSb(SCN)p. 
mn. p. 105—106°, but no phenyl thiocyanate. On boiling with water, 
this is converted into the hydroxythiocyanate, (C,H;),Sb(OH)SCN, 
m. p. 228°. A mixture of the dithiocyanate with a small amount 
of this hydroxy-derivative is obtained from  triphenylstibine 
dichloride and lead thiocyanate in dry benzene. This reaction 
and the fact that the dithiocyanate on boiling with alcoholic silver 
nitrate is converted into triphenylstibine hydroxynitrate prove the 
thiocyano-groups to be attached to antimony and not to the benzene 
nucleus. 

A compound, (C,H;),Sb,2HSCN, which would give very similar 
analytical results, might be expected to yield triphenylstibine under 
these conditions. Such an additive product could only be produced 
in the reactions just described if relatively large amounts of water 
were present, whereas dry solvents were used. This conclusion is 
further strengthened by the fact that triphenylstibine and tri- 
phenylarsine are both recovered unchanged from ethereal solutions 
of thiocyanic acid, prepared by Klason’s method (J. pr. Chem., 1887, 
[ii], 35, 407). 

The behaviour of triphenylarsine towards an ethereal solution 
of thiocyanogen differs from that of triphenylstibine in that a 
dithiocyanate is not obtained. The product is triphenylarsine 
hydroxythiocyanate, m. p. 110°, which is also obtained when either 
triphenylarsine dichloride or hydroxychloride is shaken with dry 
lead thiocyanate in dry benzene. Its production is probably due 
to the action of traces of moisture on the unknown dithiocyanate. 
It is interesting to notice in this connexion that triphenylarsine 
dichloride is much more susceptible to moisture than the corre- 
sponding stibine derivative. 

In the case of triphenylphosphine and thiocyanogen, it was 
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expected that triphenylphosphine oxide would be produced from the 
action of traces of moisture on the, presumably very reactive, 
triphenylphosphine dithiocyanate. With ethereal solutions of 
thiocyanogen or of thiocyanic acid, the product was, however, 
triphenylphosphine sulphide (Annalen, 1885, 229, 307). This 
reaction recalls the production of triphenylphosphine sulphide and 
oxide from triphenylphosphinephenylimine and carbon disulphide 
and phenylcarbimide, respectively : 

Ph,P-NPh + CS, = PhgPS + S:C:NPh 

Ph,P:NPh + O°C°-NPh = PhgPO + C(NPh), 
(Staudinger and Hauser, Helv. Chim. Acta, 1921, 4, 866, 871), 
With triphenylbismuthine and thiocyanic acid, the reaction differs 
from that with thiocyanogen, since benzene, diphenylthiocyano. 
bismuthine (Challenger and Wilkinson, loc. cit.), and probably 
phenyldithiocyanobismuthine are produced, but no phenyl thio- 
cyanate. 

Some difficulty was experienced during the estimation of nitrogen 
in the thiocyano-derivatives of triphenylstibine and triphenylarsine 
by the Dumas method, even when half the copper oxide was replaced 
by lead chromate. In the case of triphenylstibine dithiocyanate, 
if the combustion was carried out at the usual rate, very high and 
varying results were obtained, for example, 8°8 and 11-0 instead of 
6°0 per cent. In one case, the gas (which had a sweet odour) was 
exploded with oxygen, when a diminution in volume of about 75 
per cent. occurred. Since carbon oxysulphide, which might con- 
ceivably be produced during the combustion, would almost certainly 
have disappeared on long standing in contact with potassium 
hydroxide (Stock and Kuss, Ber., 1917, 50, 160), the impurity was 
probably carbon monoxide, methane, or ethylene. Nitric oxide was 
absent. By very slow and cautious combustion at a high temperature 
normal results were obtained. 

The behaviour of these thiocyanates resembles that of aconitine, 
which was found by Dunstan and Carr (P., 1896, 12, 48) to give high 
results for nitrogen unless the combustion were carried out very 
slowly. This they attributed to the formation of methane, which was 
also responsible for the abnormal nitrogen figures observed by Haas 
(T., 1906, 59, 570) with various bases obtained from dimethyldi- 
hydroresorcinol and aromatic primary amines and diamines. Similar 
results are described by Guareschi (Atti R. Accad. Sci. Torino, 1907, 
42, 79) and by Davis (P., 1906, 22, 81, discussion). 


EXPERIMENTAL. 


Action of Halogens on Carvone Hydrosulphide.—When chlorine 
(4 atoms), dissolved in chloroform, was added to a similar solution 
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of the hydrosulphide at 20°, hydrogen chloride was evolved. ‘The 
product contained chlorine and sulphur, but did not crystallise, and 
was probably a mixture. With excess of chlorine and less careful 
cooling, hydrogen sulphide was eliminated. In chloroform at room 
temperature, bromine decomposed the hydrosulphide, hydrogen 
bromide, hydrogen sulphide, and sulphur bromide being formed. 
Iodine and its monochloride and monobromide gradually gave 
hydrogen sulphide in the cold. The same result was obtained with 
dry hydrogen chloride in glacial acetic acid. 

Analysis of the Hydrosulphide.—A cold, dilute solution of bromine 
in chloroform was run slowly from a burette into a similar solution 
of carvone hydrosulphide at —15°, until a faint permanent red 
colour was produced. Excess of bromine was estimated with 
sodium thiosulphate solution (0°2497 gram of hydrosulphide absorbed 
430, 4°25, 4°00 c.c. of bromine solution. Two double linkings 
require 4°65 c.c.). On addition of more bromine at —15°, the colour 
was only very slowly discharged, hydrogen bromide and sulphide 
being evolved. 

Isolation of the T'etrabromide.—Carvone hydrosulphide (4°49 grams) 
in 150 c.c. of chloroform was treated with 4°3 grams of bromine in 
160 c.c. of chloroform at —15°. An equal volume of light petroleum 
was then added, when a white solid was deposited. This was 
washed with light petroleum and purified by solution in cold chloro- 
form and reprecipitation as before (Found: Br = 48°51, 48°70; 
§ = 4:92, 4°92. C9Hy90,Br,8 requires Br = 48°87; S = 4°88 per 
cent.). The tetrabromide melts and decomposes at 110—115°. 

Action of Hydroxylamine on Carvone Hydrosulphide—The hydro- 
sulphide (12 grams), hydroxylamine hydrochloride (5 grams), and. 
methyl alcohol (40 c.c.) were left for thirty-six hours at room temper- 
ature, when hydrogen sulphide was evolved ; the mixture was poured 
into water and the precipitate crystallised from alcohol. It con- 
sisted of carvone hydrosulphide (m. p. 214°; nitrogen test negative) 
and a small quantity of carvoxime (m. p. 72°).* On passing hydro- 
gen sulphide into an ammoniacal alcoholic solution of carvoxime, a 
small quantity of carvone hydrosulphide and much unchanged 
oxime were obtained. 

When the hydrosulphide was heated at 100° for several hours with 
a concentrated solution of sodium hydrogen sulphite, it was 
unchanged. 

Action of Mercuric Chloride and Other Reagents on Carvone Hydro- 
sulphide—The hydrosulphide in chloroform was treated with an 


* Duplobenzylideneacetone mono- and di-sulphides are converted by 
phenylhydrazine into benzylideneacetonephenylhydrazone and hydrogen 
sulphide (Fromm, Annalen, 1914, 394, 300). 
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ethereal solution of mercuric chloride. A yellow solid was precipi. 
tated which was free from organic matter and with sulphuric and 
hydrochloric acids gave hydrogen chloride and hydrogen sulphide, 
respectively, and was probably the double compound 2HgS,H¢g(),* 
The filtrate gave an oil which appeared to be carvone, but was not 
further examined. 

The hydrosulphide is unchanged after several hours’ contact 
with cold acetic anhydride. With glacial acetic acid, some hydrogen 
sulphide is slowly evolved, but the bulk of the product is not altered 
after several days. 

Thiocyanogen and T'riphenylstibine—Triphenylstibine (5 grams) 
was dissolved in 72 c.c. of a solution prepared from 7°5 grams of lead 
thiocyanate, 3 grams of bromine, and 100 c.c. of dry ether. After 
five hours, light petroleum was added, when white crystals (m. p. 
100°) were deposited. On recrystallisation from alcohol, these 
melted at 105—106° (Found: N = 5°76, 5°86, 6:18; S = 13°63, 
13°95., C 9H,;N.S,Sb requires N = 5°99; S = 13°66 per cent.). 
The ethereal solution yielded only polymerised thiocyanogen and 
some unchanged stibine. 

Triphenylstibine dithiocyanate forms broad, white needles which 
dissolve easily in most organic solvents except light petroleun. 
When heated at about 250°, it decomposes, giving an odour of 
pheny! thiocyanate. 

Triphenylstibine Dichloride and Lead Thiocyanate-—The dichloride 
(5°8 grams) was shaken with 44 grams of lead thiocyanate and 30 c.c. 
of dry benzene for eight hours, the solid separated, and washed with 
dry benzene and cold acetone. The filtrate was treated with light 
petroleum, yielding a white solid, m. p. 221—225°. On recrystalli- 
sation from benzene and light petroleum, this melted at 227—228° 
(Found: N = 2:90; S= 7-81. C,gH,,ONSSb requires N = 3:28; 
S = 7°51 per cent.). 


Triphenylstibine hydroxythiocyanate is readily soluble in most § 


organic solvents except light petroleum. With excess of an ethereal 
solution of thiocyanic acid, it yields the dithiocyanate. 

The original benzene solution was concentrated slightly and 
treated with more light petroleum, when three crops of crystals, 
m. p. 105°, were obtained. These were free from halogen and on 
recrystallisation did not depress the m. p. of triphenylstibine 

* The thiodigalactose which is obtained by the interaction of acetylbromo- 
d-galactose and potassium sulphide and subsequent hydrolysis with methy]- 
alcoholic ammonia, and contains the grouping —S-, yields this compound with 
mercuric chloride (Schneider and Beuther, Ber., 1919, 52, 2148). 

¢ Some of these analyses were performed with the product obtained from 
the dichloride and lead thiocyanate (above). The sulphur was estimated by 
the Carius method, the precipitated antimonic acid being carefully separated. 
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dithiocyanate (105—106°) obtained by means of thiocyanogen (p. 
1052). When the dithiocyanate was boiled with water for eight hours, 
the aqueous liquor contained thiocyanic acid. The solid (m. p. 225°) 
om recrystallisation from acetone and light petroleum melted at 
998° and did not depress the m. p. of triphenylstibine hydroxythio- 
cyanate. 

A product containing sulphur and melting at 221°, which was 
almost certainly the hydroxythiocyanate, was isolated from the 
action of triphenylstibine hydroxychloride and lead thiocyanate 
in cold dry benzene. The quantity was insufficient for further 
purification. 

Thiocyanogen and Triphenylarsine—Triphenylarsine (8 grams) 
was dissolved in 130 c.c. of a solution of thiocyanogen (2 mols.) 
prepared from 11-25 grams of lead thiocyanate, 4°5 grams of bromine, 
and 150 c.c. of dry ether. A pale yellow solid (m. p. 91°; 5 grams) 
was deposited. On extraction with benzene, precipitation with 
ether, and crystallisation from a mixture of acetone and light 
petroleum, polymerised thiocyanogen was removed and colourless 
crystals were finally obtained, m. p. 110° (decomp.) (Found : 
N=3°37; S = 8:32, 8°62. C,,H,,ONSAs requires N = 3°67; 
§ = 8:39 per cent.). 

Triphenylarsine hydroxythiocyanate dissolves readily in most 
organic solvents except light petroleum. It instantly reacts with 
warm alcoholic silver nitrate, giving silver thiocyanate. At its 
m. p., it decomposes vigorously, evolving ammonia and an odour of 
phenyl thiocyanate. On further heating, a liquid distils which 
solidifies on cooling and crystallises from alcohol in long, glistening 
needles which felt at 162° and do not depress the m. p. of tripheny]l- 
arsine sulphide (Philips, Ber., 1886, 19, 1032). Traces of this sub- 
stance were also found in the mother-liquors obtained on repeated 
crystallisation of the hydroxythiocyanate. 

Triphenylarsine Dichloride and Lead Thiocyanate.—The dichloride 
(2 grams, ] mol.) and lead thiocyanate (2°5 grams, 1°5 mols.) were 
shaken with 25 c.c. of dry benzene. The mixture rapidly became 
ted, a brown oil, which became a crystalline solid, being deposited. 
After forty minutes, this was separated and washed with light 
petroleum. The residue (3°4 grams) was extracted with acetone, 
which finally deposited colourless crystals, m. p. 110°, which did not 
depress the m. p. of triphenylarsine hydroxythiocyanate (above). 
About 0°15 gram of triphenylarsine, m. p. 56—60°,* was obtained 
ftom the petroleum washings and the original benzene solution. 


* This small amount of arsine may possibly have been present in the 
original dichloride which, owing to its hygroscopic nature and tendency to 
form the hydroxychloride, was not recrystallised. Pure specimens of tri- 
VOL. CXXIII. O00 
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Triphenylarsine Hydroxychloride and Lead Thiocyanate.—The 
hydroxychloride (m. p. 171°; 4 grams) was shaken for thirteen 
hours with excess of lead thiocyanate and benzene, a pink colouw 
being at once produced. The mixture was then filtered. The 
residue on extraction with acetone gave a deep red solution which, 
with light petroleum, deposited (a) a small amount of a yellow 
substance of high m. p. and (b) white crystals, m. p. 110° after 
recrystallisation from acetone-light petroleum. These did _ not 
depress the m. p. of triphenylarsine hydroxythiocyanate prepared 
from thiocyanogen (p. 1053). 

The benzene filtrate, when treated with light petroleum, deposited 
a solid (m. p. 148—149°) containing sulphur and nitrogen but no 
halogen. On recrystallisation, this behaved as a mixture, but no 
definite compound could be isolated. 

Thiocyanic Acid and Triphenylbismuthine—When the bismuthine 
(4'4 grams) was treated with thiocyanic acid (about 2°5 grams) in 
ether (20 c.c.), it gradually dissolved. An oil was deposited (1‘4 
grams) which quickly crystallised, melted sharply at 123°5°, did not 
depress the m. p. of diphenylthiocyanobismuthine, and possessed 
all the properties of this substance. After five days, the filtrate 
deposited 1:2 grams of a yellow, crystalline solid which became red 
at 176° and melted at 185—186°. This was insoluble in benzene 
or ether, and appeared to be decomposed by hot alcohol or acetone. 
It probably consisted of phenyldithiocyanobismuthine. With 
concentrated hydrochloric acid, it evolved benzene, indicating the 
presence of a phenyl! derivative of tervalent bismuth. No phenyl 
thiocyanate was isolated, and even its odour could not be detected 
with certainty. Only traces could possibly have been present. 

Action of Thiocyanic Acid and of Thiocyanogen on Tripheny- 
phosphine.—Two grams of the phosphine were dissolved in 20 c.c. 
of an ethereal solution containing about 2°5 grams of thiocyanic 
acid. After about a month, the ether was removed at the ordinary 
temperature, and the solid residue drained on a tile and crystallised 
from alcohol. Some unchanged phosphine was recovered, but the 
mother-liquors yielded colourless needles which contained sulphur 
but no nitrogen and melted at 158°. They did not depress the m. p. 
of a specimen of triphenylphosphine sulphide or of the product 
obtained by the use of thiocyanogen (see below). No pheny! 
thiocyanate was produced. 


phenylarsine dichloride are stated to sinter at 158° and melt at 204—205°. 
Our specimen exhibited this property and was considered sufficiently pure, 
the sintering being at first attributed to the onset of decomposition to chloro- 
benzene and diphenylchloroarsine, which is known to occur at 300° (Michaelis, 
Annalen, 1902, 321, 162; Rosenheim and Bilecki, Ber., 1913, 46, 551). 
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In the reaction with thiocyanogen 3 grams of the phosphine in 
2 c.c. of dry ether were treated with 92 c.c. of a similar solution 
containing 2°8 grams (2°2 mols.) of thiocyanogen. A red oil, which 
soon solidified, was immediately precipitated, followed almost at 
once by the usual yellow polymeride, which, however, was produced 
much sooner than in any other reaction we have studied. The 
viscous solid was separated and repeatedly extracted with cold dry 
benzene and the combined extracts were evaporated in a stream of 
dry carbon dioxide. The residue was triphenylphosphine sulphide, 
and a further quantity was obtained by similar treatment of the 
filtered ethereal solution. 


Interaction of Thiocyanogen and Thiocyanic Acid with Other 
Unsaturated Compounds. 


Thiocyanogen.—Amylene (trimethylethylene) in ethereal solution 
gives an oil which is volatile with steam. This is a thiocyanate, 
since with alcoholic potassium hydrosulphide a mercaptan and 
potassium thiocyanate are produced. Benzylideneacetone readily 
yields a yellow, crystalline, saturated substance, m. p. 118—120°, 
containing nitrogen and sulphur. Carvone and ethyl cinnamate 
give extremely poor yields of well-crystallised compounds, m. p. 
254° and 153°, both containing nitrogen and sulphur. 

Thiocyanic Acid.—l-Pinene reacts with an ethereal solution of 
thiocyanic acid, giving a substance, m. p. 92°, containing nitrogen 
and sulphur. The investigation of these compounds is being 
continued. 
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CXX.—Studies on the Dolomite System. Part I. 
The Nature of Dolomite. 
By Auuan Ernest MITCHELL. 


DotomitE has always been regarded by mineralogists as a com- 

pound of the composition CaCO,,MgCO,, but some doubt as to the 

accuracy of this view has been expressed by Spangenberg (Z. 

Kryst. Min., 1914, 52, 529), who, from the results of his investig- 
002 
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ations on its synthesis, puts forward the idea that dolomite js 
not necessarily a compound, but is a solid solution of calcite and 
magnesite. He places the limits of miscibility between the pro. 
portions CaCO,,2MgCO, and MgC0O,,2CaCO,, so that normal 
dolomite would be an equimolecular solid solution, and any 
naturally occurring dolomites departing appreciably from this 
proportion would be due to changes in the composition and not 
necessarily to admixture of accidental impurities. The substances 
prepared by him, however, have physical properties which do not 
correspond with normal dolomite and his results in general leave 
much doubt as to the actual nature of the products he obtained; 
it seems more than probable that his substances were mixtures of 
vaterite (modification of calcite plus immeshed aragonite) and 
magnesite, or aragonite and magnesite. It is necessary, therefore, 
that some investigation of the actual individuality of dolomite 
should be made. 

If we consider the analyses of various samples of dolomite from 
different parts of the world (Doelter, ‘‘ Handbuch der Mineral- 
chemie,” Bd. 1, 364, etc.), we shall readily see that so far as the 
natural product is concerned it does not depart appreciably from 
equimolecular proportions. Dolomite occurs in various parts of 
the world under different conditions, and it seems very hard to 
imagine that if the formation is one of solid solution the practically 
equimolecular mixture would occur in every case, unless the misci- 
bility is only very limited, and certainly not as wide as that 
asserted by Spangenberg. 

In order to get an idea as to the individuality of the substance, 
it became necessary first of all to determine its relative stability 
with respect to the other two members of the rhombohedral car- 
bonates, calcite and magnesite, and since by the application of 
the Nernst heat theorem we are able to get a fairly accurate state- 
ment of the connexion between heat of formation, temperature, 
and dissociation pressure of a compound, the most fruitful line of 
attack seemed to be in a comparison of the thermal dissociation 
pressures of the three substances. In order, then, that these 
dissociation pressure relationships could be correlated, it was 
essential that we should have a knowledge of the specific heats 
and the heats of formation of all the reactants involved, and this 
necessitated the determination of the specific heats of magnesite 
and of the decomposition product of dolomite, and the heats of 
formation of dolomite and of its decomposition product. 

Kallauner (Chem. Zig., 1913, 37, 1317), who has made measure- 
ments of the thermal dissociation of dolomite, concludes that the 
substance is split into its components, calcium carbonate and 
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magnesium carbonate, at 500°. The degree of this decomposition 
reaches @ maximum at 700°, the liberated magnesium carbonate 
dissociating to give carbon dioxide. Dissociation of the residual 
calcium carbonate begins at 875° and reaches a maximum at 900°. 

Johnston (J. Amer. Chem. Soc., 1910, 32, 933) has made measure- 
ments of the thermal dissociation of calcite, and has shown from 
his measurements that the relationship between dissociation 
pressure and temperature is represented by the equation 


log p = — 9340/T + 1-1 log 7 — 0-0012 7 + 8-882, 
where p = pressure in atmospheres and 7’ = absolute temperature. 


EXPERIMENTAL. 


The materials required for these investigations offered some 
considerable difficulties owing to the necessity of employing natural 
magnesite and dolomite. Calcite can be easily prepared in the 
laboratory and the ordinary analytical reagent is sufficiently pure 
for the purpose. The supply of the other two is rendered difficult 
owing to natural conditions, since it is practically impossible to 
obtain natural minerals which are free of iron oxides and silica. 
After a search which necessitated an examination of samples from 
various parts of the world, two separate samples of dolomite were 
obtained which were of sufficient purity. These were respectively 
from Algeria and Binnental (Switzerland). Although they were 
not pure, they were the best that could be hoped for from a natural 
product. Their analyses are given below. 

The only sufficiently pure magnesite obtainable was a sample 
of clear, colourless, rhombohedral mineral from the Greiner region 
of the Tyrol. Owing to the fact that it occurred in a chlorite 
schist it was very hard to get it free from iron oxide, but after 
careful hand-picking under a microscope a suitable sample was 
obtained. 


CaO. MgO. FeO. SiO,. 
Algerian dolomite —........s+e+e+ 30-31 21-61 0-75 0-10 
Binnental dolomite ............++. 30-89 21-21 trace trace 
Normal dolomite .........0...ssee. 30-45 21-72 —- — 
Greiner magnesite (hand-picked) 2-32 43-84 1-87 0-50 


The samples for treatment were crushed to pass a 20-mesh sieve, 
and then hand-picked under a microscope until no fragments 
containing visible inclusions were left. The balance was crushed 
in an agate mortar until it passed a 120-mesh sieve. 

Preliminary investigations were made in which the carbonate, 
enclosed in a platinum capsule, was heated in a transparent silica 
tube connected by stout rubber pressure tubing to a mercury 
manometer. The system was evacuated and the, carbonate! heated 


1058 MITCHELL: STUDIES ON THE DOLOMITE SYSTEM. 


by placing the silica tube in an electric furnace, but it was found 
to be impossible to obtain reproducible results. This was found 
to be due to (1) leakage through the rubber connecting tube. This 
was at the most very small and by no means so great as (2) leakage 
through the silica tube due to devitrification induced by the reac. 
tion of the silica and small traces of the carbonates which always 
escaped from the platinum no matter how carefully the tube was 
exhausted. The crystalline silicates formed on the surface of the 
silica glass by this reaction appear to have served as nuclei for the 
formation of quartz crystals, as was shown by microscopical 
examination of the tubes. 

The apparatus ultimately employed is shown in Fig. 1. The 
platinum tube P, 15 cm. long by 0-5 cm. 
internal diameter with thickness of 
wall 0-5 mm., was sealed directly to 
the glass manometer J, the joint W 
carrying a cooling coil to prevent 
cracking of the joint by heating from 
within the furnace. The tube was 
exhausted through the trap Y and the 
mercury allowed to rise from the lower 
bulb. Then, when A and B were 
closed, the mercury in the trap was so 
held that it could not be pushed round 
the bend when a pressure was de- 
veloped. The substance to be heated 
was placed in the tube P, the open end 
of which was packed with asbestos 
dehydrated at about 800°, and the 
platinum tube then sealed on to the 
glass, and the electric furnace s0 
arranged that the carbonate was well 
within the zone of constant temperature. The tube was heated 
to about 200—300° in order to free the powder from adsorbed 
moisture and gases, and the exhaustion completed. The ten- 
perature, which was read by means of a carefully calibrated 
platinum—platinum—rhodium thermo-couple, was raised until an 
appreciable pressure was developed. On re-exhausting the tube 
at this temperature and then allowing the pressure to rise again, 
it was found that it did not return to its original value, but 
was always less. On repeating this process several times, 4 
constant minimum pressure could be obtained for every tempera- 
ture. The gas evolved under these conditions was collected, and 
analysis showed it to consist entirely of carbon dioxide. Micro- 
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sopical examination of the decomposition product showed the 
existence of a small amount of needle-shaped crystals which were 
not present in the sample before heating. These were insoluble 
in alkalis or water, but gelatinised very readily with acids, giving 
microchemical tests for calcium and magnesium; these properties 
in conjunction with the optical properties identify the crystals as — 
calcium and magnesium silicates formed by the interaction of the 
carbonates with the small traces of siliceous impurities, so that 
the initial high pressures of carbon dioxide must have been due 
to the reaction CaCO, + Si0,—>CaSiO, + CO,, etc. These 
reactions may be regarded as irreversible at the temperatures 
under discussion, and although it would be possible for further 
carbonate and silicate to react, giving further complex silicates, 
there will always be a time when the combination with silica comes 
to an end for every temperature, and the dissociation pressure of 
the carbonate will then be unaffected by the presence of the silica. 
The resultant constant minimum pressure for any temperature 
was therefore taken as the dissociation pressure of the carbonate 
for that temperature. The time taken for the establishment of 
the equilibria under these conditions was considerable in the case 
of the lower temperatures, but equilibrium was obtained much 
more rapidly the higher the temperature, and usually resulted 
within forty-eight hours of the initial evacuation at any tem- 
perature. Having established a method for obtaining reproducible 
results with rising temperature, it became necessary to test the 
reversibility of the process, and it was found that when equilibrium 
was attained at a higher temperature, which was then allowed to 
fall to a lower value, the equilibrium pressure for that temperature 
was not obtained, even after keeping the temperature constant 
for forty-eight hours. There was always some residual carbon 
dioxide which apparently would not recombine. This fact is 
referred to by Jolibois and Bouvier (Compt. rend., 1921, 172, 1182), 
who found that the reaction CaO + CO,—> CaCO, was not rever- 
sible unless the calcium oxide used was previously mixed with some 
calcium carbonate, prepared by a precipitation method, when the 
reaction was completely reversible on cooling. 

The procedure was then adopted in which the carbonates under 
treatment were mixed with their appropriate oxides, prepared by 
ignition of the precipitated hydroxides, or in the case of the dolomite 
by ignition of the moistened product of the decomposition. When 
this was done, it was found that with rising temperature the 
results obtained were the same as before, and that with falling 
temperature the reaction was completely reversible, the pressures 
checking to a fraction of a millimetre. It was found necessary, 
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however, to recharge the tubes frequently, since the reversibility 
would only hold for a few temperatures until further oxide was 
introduced. Thus it seems that we have an explanation of this 
phenomenon in the idea that a trace of moisture serves to catalyse 
the reaction. Carbonates and oxides prepared by precipitation 
methods will always contain small traces of moisture no matter 
how carefully they are afterwards ignited. This small trace of 
moisture would be easily sufficient to catalyse the reaction, but 
it will be slowly removed by the pumping off of the gas at each 
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temperature, and would thus require renewal from time to time. dry 
TABLE I. 
Calcite. 
FUG) Wesdeedetes . 876° 890° 903° 915° 929° 942° 954° 967° 
Pressure (mm. of Hg) 24 25 26 2-7 £42.2:9 3-0 3-2 34 
A Histporsseceeses 980° 993° 1006° 1019° 1032° 1045° 1050° 1071° 
Pressure (mm. of Hg 36 39 42 47 5-2 5-9 69 81 
We MEN esessnpiceg eos 1084° 1097° 1109° 1123° 1135° 1148° 1161° 1166° 1169° 
Pressure (mm. of Hg) 10-0 13:0 17-8 27 46-5 100-0 316-2 616-6 761 
Magnesite. 
MY TLD. cudeneccsesseos 720° 730° 740° 750° 760° 770° 780° 790° 
Pressure (mm. of Hg) 10:5 11 116 12-2 12-9 13-7 146 155 
<a) | 5) SEER 800° 810° 820° 830° 840° 850° 860° 870° 
Pressure (mm. of Hg) 166 181 195 21-1 23 25 27-5 313 
BD” CADE.) scssccscsescess 880° 910° 950° 980° 1000° 1020° 1029° 
Pressure (mm. of Hg) 34:6 49-6 61-2 117 3165 602-5 760 
Dolomite. 
PP ADR.) ice ciscscvsnses 780° 785° 793° 810° 820° 830° 846° 875° 
Pressure (mm. of Hg) 7:5 77 80 87 90 96 10:0 128 
Be (MUB,).. cscevedssornses 896° 910° 920° 936° 940° 960° 970° 982° 
Pressure (mm. of Hg) 14:6 165 17:8 21:0 22 27-5 29-5 32:5 
BD GER) cavenorercasons 995° 1010° 1020° 1030° 1042° 1052° 1060° 1065° 
Pressure (mm. of Hg) 43-6 53:0 66:0 77 1000 121 150 = 193 
CBs) scessecvsscvees 1070° 1080° 1085° 1089° 1092° 1095° 1100° 1105° 
Pressure (mm. of Hg) 212:7 275 352 368 468 505 603 695 nn 
Determinations of the dissociation pressures of calcite, magnesite, Th 
and dolomite have been made by means of this method and the an 
results are given in Table I. Fig. 2 shows the variation of pressure po 
with temperature, and if these curves are tested by plotting 1/log p me 
against 7’, it will be found that they express a definite linear qu 


relationship between the reciprocal of the logarithm of the pressure 
and the temperature. 


The Specific Heat of Magnesite. 


This was determined in the following manner. As calorimeter, 
a small Dewar vessel of about 500 c.c. capacity and of very good 
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insulation was employed. This was fitted with a Beckmann 
thermometer, stirrer, and small heating coil of carefully measured 
known resistance. The vessel was partly filled with carbon tetra- 
chloride so that the thermometer was correctly situated. A steady 
lnown current, which was carefully checked by means of a silver 
coulometer in series, was passed for a definite time, the rise of tem- 

rature measured, and the corresponding amount of heat added 
was calculated from the ordinary expression Q = O?Rt x 0-2349. 
Without changing the contents in any way, a known weight of 
dry magnesite was added and the same current passed for the 
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same time as before and the new rise in temperature determined. 
The amount of heat added, and the rise of temperature both with 
and without a known weight of the sample, being known, it is 
possible to calculate the amount of heat used up in heating the 
magnesite. In one experiment, which represents the smallest 
quantities employed, the following were the figures : 

C = 0-085, R = 34-7, t = 600 secs., whence Q = 44-15 cals. 

Rise in temperature = 0-553° (without magnesite) and 0:548° 
(with magnesite, 5-7114 grams). 

Therefore heat for magnesite = 44:15 — 44-15 x 0°548/0-553 = 
0-63 cal., and its specific heat = 0-2013 cal. 


Several determinations were made in this manner, employing 
0 o* 
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different amounts of liquid, solid, and current until the largest 
changes could be obtained. The results were fairly concordant 
and were sufficiently accurate to be used along with the other 
data employed in the approximate formula for the Nernst equa. 
tion. The results obtained were : (1) 0-2013, (2) 0-1997, (3) 0-2007, 
(4) 0-1995; mean 0-2003 cal. 

These determinations were made on a sample of Greiner magnesite 
which, although it was not absolutely pure, was sufficiently so for 
the purpose in view. 


The Specific Heat of CaO,MgO.* 

A sample of finely ground Binnental dolomite was heated in a 
vacuum at 1000° until its weight was constant and was then 
cooled in a desiccator over solid potassium hydroxide to prevent 
any reabsorption of carbon dioxide. The substance was not very 
reactive, however, and it was found possible to leave it exposed 
to the air for considerable periods when cold without any pro- 
nounced alteration taking place. The specific heat of this product, 
determined as above, was (1) 0:2100, (2) 0-2110, (3) 0-2093, (4) 0-2096, 
(5) 0-2106 ; mean 0-2101 cal. 


The Heat of Solution of Dolomite. 


The heat of formation of this substance has never been deter- 
mined either from its elements or in any other manner, and it 
became necessary to determine the value both for dolomite itself 
and for the decomposition product. When either dolomite or the 
decomposition product is dissolved in hydrochloric acid, the only 
possible products of the reaction are calcium and magnesium 
chlorides, water, and carbon dioxide. The heats of formation of 
these four substances have all been determined previously, and 
Berthelot has made careful determinations of the heat of dilution 
of hydrochloric acid over a fairly wide range, so that we have only 
one unknown in either equation for the reaction with acid. 

The apparatus employed was similar to that used by Richards 
in his early measurements. The calorimeter consisted of a large 
Dewar vessel of about 1} litres capacity and of very good insulation. 
This was closed at the top by a cork carrying a Beckmann thermo- 
meter, a stirrer, a large cylindrical vessel closed at the bottom by 
a large ground glass plug which could be withdrawn by means of 
a protruding rod at the top, and two tubes, into the lower ends of 
which were sealed the ends of the small platinum heating spiral, 
and the whole was placed in a large box packed with cotton wool 


* The formula CaO,MgO will be used for the sake of brevity to denote 
the decomposition product of dolomite. 
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to provide further insulation. The bottom of the internal vessel 
yas carefully sealed by liberal application of purified vaseline to 
the ground plug. In this vessel were placed 200 c.c. of pure 
9) per cent. hydrochloric acid, prepared by distillation of ordinary 
hydrochloric acid. A known weight of dolomite less tn that 
required to neutralise the acid completely was placed in the bottom 
of the calorimeter and the total volume of liquid made up to a 
litre with 800 c.c. of distilled water. The dolomite was kept in 
suspension by means of the stirrer, and the thermal capacity of 
the calorimeter and fittings determined both by the electrical 
method and the method of mixing, allowance being made for the 
thermal capacity of the dolomite. This determination was made 
both before and after the reaction and was found to be constant 
within the limits of error throughout. Then, when the plug of 
the internal vessel was withdrawn, the acid could be allowed to 
react with the carbonate and the rise in temperature determined. 
By making corrections for the heat of dilution of the acid and the 
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ct, amount of heat lost in the evolution of carbon dioxide (which 

96, | amount was found in the end to be negligible, since at the con- 
centrations employed most of the carbon dioxide remained in 
slution and very little was lost), the heat given out in the 
reaction 

T- § MgCO,,CaCO, + 4HCl aq. = (MgCl, + CaCl,) aq. + 2H,O + 

it 200,+Qecals. . . . (i) 


can be calculated. 

In the preliminary experiments, since it was anticipated that 
the loss of heat due to evolution of carbon dioxide would be con- 
siderable, two calorimeters were employed which were connected 
by a double-walled tube, silvered, and exhausted so as to form a 
Dewar jacket. This tube, which was bent twice at right angles, 
dipped under the surface of water in the second calorimeter, and 
thus by measuring the rise of temperature in the second calori- 
meter it was possible to obtain accurate measurement of the heat 
carried away by the issuing carbon dioxide. This amount of heat 
was in all cases negligible, never amounting to as much as 0-02 per 
cent. of the total amount developed, and it was soon apparent 
that attempts to increase the accuracy in this respect were largely 
counterbalanced by the inaccuracies introduced by the necessity 
of having to attend to two calorimeters and to read two Beckmann 
thermometers simultaneously. The only fault in this apparatus 
was that the size of the opening of the internal vessel could not be 
made sufficiently large owing to the presence of the other fittings, 
and consequently the mixing was not quite rapid enough. The 
Dewar vessel had very good insulation, however, and me the 
0 0* 2 
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radiation corrections could be reduced practically to zero this 
was not after all a serious defect in the working of the apparatus, 

In an actual experiment the results were : 

Weight of dolomite = 0-6766 gram; temperature rise = 1:8]°. 
total thftrmal capacity of calorimeter = 303 grams; acid diluted 
from 1-33: 10-7 to 1-33: 52-8 mols. For this range the heat of 
dilution is 1198 cals. (Berthelot, Landolt-Bornstein ‘“ Tabellen ”), 
The total heat developed = 2353 cals. Therefore the heat of 
reaction = 1155 cals. for 0-6766 gram, that is, 31-42 Cals. for 
1 gram-molecule. 

Several determinations were made using different amounts of 
dolomite and acid, and the results, which are fairly concordant 
amongst themselves, are : (1) 31-52, (2) 31-32, (3) 31-26, (4) 32-02, 
(5) 31-68 ; mean 31-56 Cals., which is the value of Q in equation (i), 


The Heat of Solution of CaO,MgO in Hydrochloric Acid. 

To determine the value of Q in the equation 

CaO,MgO + 4HCl aq. = (CaCl, + MgCl,) aq. + 2H,O + Q (ii) 
it was necessary to determine the heat of solution of this substance; 
from this value, by incorporating the known values for the heats 
of formation of the other reactants, it was possible to determine 
the heat of formation of the substance from its elements. 

The apparatus employed was essentially the same as that already 
described, except that in this case, since we are dealing with a 
substance tending to undergo hydration on mixing with water, 
the oxide was placed in the internal vessel, which was made smaller, 
and the acid occupied the position of the water in the preceding 
determinations. 

Several determinations of the heat of solution were made and 
the results are: (1) 62-82, (2) 62-75, (3) 62-90, (4) 63-15, (5) 62:53; 
mean 62-83 Cals., which is the value of Q in equation (ii). 


Discussion. 
From equation (i) and the figures of Thomsen and Berthelot 
given in Landolt-Bérnstein “‘ Tabellen ”? we have 
Mg + Ca + 2C + 60 = MgCO,,CaCO, + 545-98 Cals. 
Mg + Ca + 20 = MgO,CaO + 320-79 Cals. 
Mg+C +30 = MgCO, + 266-6 Cals. . . (I) 
Ca + C +30 = CaCO, (calcite) + 283-90 Cals. . . (2) 
whence, adding (1) and (2), we have, 
Ca + Mg + 2C + 60 = (CaCO, + MgCO,) + 550-5 Cals., 
which leaves a balance of only 4:52 Cals. to account for the heat 
of formation of dolomite from calcite and magnesite. 
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If we now consider the Nernst equation for a heterogeneous 
reaction in which only one gas is formed, we have 


_—Qp, a T, Sa ( TY) 

be? = Sanh t poe? + sap) — x3 ycan(T +p) t+. 
Taking 7', = 300° abs., we have, according to Thomsen and 

De Forcrand (Landolt-Bérnstein “‘ Tabellen ’’), 


CaO + CO, = CaCO, + 42900 cals. (mean) = Q7,, 


+ for Bi also at 300° abs., 

eae Ccaco, — cao — Coo, = 20°2 — 10-2 — 9-0, 
dant y Thence ya = 0-0153. 

2-02, Substituting in the first equation, we have finally 


log p = — 9160/T + 1-75 log 7’ — 0-00177 +- 3-2, 
where c = chemical constant for carbon dioxide = 3-2 (Nernst). 
For JT’ = 1000° abs., 
log p = — 2-4 or p = 0-004 atm. = 3-0 mm. 
Johnston (loc. cit.) obtained » = 44 mm.; in the present observ- 
ations, we found p = 4-2 mm. at 1006° abs. 

The equation given by Johnston departs very appreciably from 
the form derived directly from the Nernst equation, but the other 
values measured in this work agree much more closely with the 
Nernst expression, and when they are plotted do not depart appre- 
tiably from the calculated results, so that it seems unnecessary to 
modify the expression in order to make it fit the observed facts. 
The specific heat data are evidently quite accurate for this reaction. 
In the case of the magnesite and dolomite, the agreement between 
the observed results and those calculated from the Nernst equation 
is not so good, but the departure from the theoretical does not 
warrant the derivation of a special equation which would be of 
no physical significance. The curves are so decidedly logarithmic 
in form that it does not seem possible that they can represent 
any but the true state of affairs. The disagreements may possibly 
be due to the slight inaccuracies in the specific heat data or, what 
is more probable, they can be traced to the calcareous and ferru- 
ginous impurities in the samples used, which, it must be borne in 
mind, were natural products and not entirely free from impurity. 

In dealing with the thermal dissociation of dolomite, we have 
to consider two possibilities, namely, that dolomite is either a 
compound or a solid solution. Assuming first that it is a com- 
pound, it is possible to conceive of the following as the products 
of its dissociation under the action of heat : (1) CaO,MgCO, + CO,, 
(2) CaCO,,MgO + CO,, (3) CaO, MgO + 2C0,, (4) CaCO, + MgO + 
CO,, (5) CaO + MgCO, + CO,, (6) CaO + MgO + 2C0,. 
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Now, in the experimental work described, it has been shown tha 
magnesite, dolomite, and calcite all yield definite dissociatio, 
pressures, 9,,,Pa,p- Such that p,>pg>p-. These results at onc 
rule out the possibility of such reactions as (5) and (6), since calcium 
oxide cannot exist as a solid phase at pressures of carbon dioxide 
greater than p,, and also calcium oxide and magnesia cannot 
coexist at the same pressure of carbon dioxide. 

On the assumption that dolomite has a second dissociation 
pressure, the reaction must be either (1) or (2), the latter being 
the more probable. Thus we should have a case somewhat similar 
to that of the ionisation of a dibasic acid or a diacidic base. Dolo. 
mite would show two definite and successive dissociation pressures, 
Pa, and py,, corresponding with the two successive reactions 

CaCO3,MgCO, ---- CaCO ;,MgO +- CO,, giving pa, 
and CaCO;,MgO0 —> CaO,MgO -+- CO,, giving pzy,. 
It is to be noted that the second possibility could not be repre. 
sented by CaCO;,MgO0 —> CaO + MgO + CO,, because it is im. 
possible for calcium oxide and magnesia to coexist at the same 
pressure of carbon dioxide. 

If the assumption of a second dissociation were correct, it would 
have been possible to isolate the basic carbonate and the double 
oxide. Dolomite, however, does not show a second dissociation 
pressure over the temperature range examined, and _ therefore 
reactions (1) and (2) are excluded. 

If assumption (4) were correct, the curves showing the relation- 
ships between p,,, pu, and p, would give us the energy changes 
of the reactions : 

CaCO, —> CaO + CO, + q 
MgCO, —> MgO + CO, + dn 
CaCO,,MgCO, —> MgO + CO, + CaCO, + qu, 
from which it would follow that 


CaCO,,MgCO, —> CaCO, -+ MgCO, + (Gn — qa), 


Pm 
Pa’ 
although this value would in any case tend to be very small, even 
if it existed at all. 

The corresponding diminution of free energy would be given by 
the expression 


— F = Fy — (F. + Fn) = RT log 7, 
Pm 


where Im — Va = RT? log - log 


but since from the observations at the temperature range at com- 
mand we have p,>a, then F,+F,,>Fy, and therefore the 
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reaction CaCO,,MgCO,—> CaCO, +- MgCO, should occur or, in 
other words, dolomite would be unstable with respect to the com- 
ponent simple carbonates and should not be capable of being formed 
from them. This result is indeed obvious, for if the condensed 
reaction CaCO,,MgCO, —> CaCO, + MgCO, actually did occur, 
dolomite would show the same dissociation pressure as magnesite 
in its first dissociation phase, provided, of course, that no solid 
solutions whatsoever are formed during the process. Hence from 
the observed results the reaction cannot be (4), and we can only 
draw the conclusion that, if the substance be a compound, its 
mode of dissociation must be (3), for examination of the 1/log p 
curves for the temperature range shows conclusively that there is 
not a second dissociation phase. 

If we now consider the second possibility that dolomite might 
be a singular point in a series of solid solutions, we should expect 
results analogous to those obtained. There would be a definite 
dissociation pressure curve and the resulting product would be an 
equimolecular solid solution of calcium oxide and magnesia. It 
has been shown by Rankin and Merwin (J. Amer. Chem. Soc., 1916, 
38, 568) that in fused mixtures of these two oxides no compounds 
or solid solutions are to be found. These results were all obtained 
at temperatures higher than 2300°, the melting point of the eutectic, 
but there does not seem any theoretical reason why it should not 
be possible for either solid solutions or compounds to exist at the 
temperatures at which the present measurements were made. 

The very small value obtained for the heat of formation of dolomite 
from magnesite and calcite might possibly not be worthy of con- 
sideration, because it only involves the absorption of 4-52 kg.-cals. 
in the formation of one gram-molecule, or about 24-8 cals. per gram. 
The accuracy of the measurements involved and of the thermo- 
chemical data accepted would not allow of too much stress being 
laid upon this difference. It might be worth while considering, 
however, whether this amount of heat could represent merely the 
heat of solution of a gram-molecule of calcite in a gram-molecule 
of magnesite or whether the heat is actual heat of chemical com- 
bination. We know that when two substances of the type here 
considered unite to form a double compound its heat of formation 
is as a rule, although not always, only very slightly different from 
the sum of the heats of formation of the two combining molecules, 
and also that the heat of solution of similar substances one in the 
other is usually very small and can possibly be negative, so that 
it appears to be impossible from the evidence at hand to decide 
whether the substance is a solid solution or a compound. Experi- 
ments are in progress which it is hoped will enable us to decide the 
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limits of possible miscibility of the two simple carbonates, and this 
information in conjunction with the results of investigations which 
the author hopes to make on the dissociation of some series of mixed 
crystals should ultimately allow us to come to a definite decision 
upon the matter. Most of the evidence adduced, however, points 
to the existence of a compound of the two carbonates, and it seems 
more useful, for the present at least, to regard the old and original 
idea of the constitution of dolomite as correct, unless we can come 
to a decision as to the essential difference between a definite chemical] 
compound and an equally definite singular point in any series of 
solid solutions. 


Summary. 


(1) Measurements of the dissociation pressures of calcite, mag. 
nesite, and dolomite have been made and it has been shown that 
the three substances yield three different and definite dissociation 
pressures ,, Pa, Pm Such that p_n>pa>p-. The possible modes of 
dissociation of dolomite have been considered on the ground that 
it is a compound and from the results it is concluded that the 
thermal dissociation of dolomite takes place according to the 
equation CaCO,,MgCO, == Ca0,MgO + 2CO,. 

(2) It has been shown that the thermal dissociation of calcite 
follows the Nernst equation, the agreement between the observed 
and calculated results being good, so that the necessity for the 
derivation of a particular equation to fit the case, as has been done 
by Johnston, has been proved unnecessary. 

(3) A simple and fairly accurate apparatus for the determin- 
ation of specific heats of solids has been described, and has been 
employed for the determination of the specific heats of magnesite 
and of the solid decomposition product of dolomite, which have 
been found to be 0-2003 and 0-2101 cal., respectively, for 15—20°. 

(4) The heats of solution of dolomite and of its solid decom- 
position product in hydrochloric acid have been determined, and 
from these measurements the heats of formation of the two 
substances from their elements have been calculated. 

(5) From these determinations, it has been deduced that the 
formation of dolomite from magnesite and calcite would involve 
the absorption of 4:52 kg-cals. per gram-molecule of dolomite. 
It has been pointed out that with our present knowledge it is 
impossible to decide definitely whether the substance is a singular 
point in a series of solid solutions, or whether it is a compound. 


In conclusion, the author takes this opportunity of thanking 
Prof. F. G. Donnan, F.R.S., for suggesting this research, and for 
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his kind interest and many valuable suggestions during the progress 
of the work, and also Dr. A. Hutchinson, F.R.S., of the University 
of Cambridge, for his kindness in providing a sample of very pure 
dolomite at a critical time. 
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OXXI.—The Oxime of Mesoxamide (isoNitrosomalon- 
amide) and some Allied Compounds. Part III. 
Ring Formation in the Tetra-substituted Series. 


mt By Evita Hitpa UsHERWoopD and MartHa ANNIE WHITELEY. 
on §f In the course of the preparation of isonitrosomalondimethylanilide, 
7 NMePh-CO),0< 0%, by the action of nitrosyl chloride on malon- 
he § dimethylanilide it was observed that the presence of moisture 
1¢ ~§f caused simultaneous hydrolysis and oxidation of the compound, 


yielding a mixture of mesoxdimethylanilide, (NMePh-CO),CO, and 
a compound, m. p. 191°, having the molecular formula C,,H,;O,N, 
(Whiteley, T., 1903, 83,43; P., 1904, 20,92). The same compound, 
m. p. 191°, is also produced by the action of a small quantity of 
nitric acid (d 1°46) on a solution of isonitrosomalondimethylanilide 
in chloroform saturated with nitrosyl chloride, but under these 
conditions the secondary products are nitromalondimethyl- 
anilide, (NMePh-CO),CH-NO,, and  chloromalondimethylanilide, 
(NMePh-CO),CHCl. When nitric acid alone acts on a solution 
of the isonitroso-compound in chloroform, a very small quantity 
of the compound, m. p. 191°, is formed, the chief product of the 
reaction being the nitro-compound. Finally, the compound, 
m. p. 191°, can be prepared conveniently by the direct oxidation 
of the isonitroso-compound with chromic acid in hot glacial acetic 
acid solution. 

The reactions of the compound C,,H,,0,N3;, m. p. 191°, 
show that it contains only one carboxylmethylanilide group 
(-CO-NMePh) and does not contain the isonitroso-group, hence 
it must be assumed that the two atoms of hydrogen eliminated by 
oxidation from isonitrosomalondimethylanilide have been provided 
by the isonitroso-group and either the methyl or phenyl group of 
one of the carboxylmethylanilide groups, and the compound, m. p. 
191°, contains the five-membered glyoxaline ring, as in Ia, or the 
six-membered quinoxaline ring, as in I, 


i a 
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O—NMe/ ‘ 
(I.) | XQ” a ia 
CO-NMePh CO-NMePh 


according as the second hydrogen atom is eliminated from the 
methyl group or from the ortho-position of the phenyl group. 

The work described in the present communication shows con. 
clusively that the compound C,,H,;0,Ns, m. p. 191°, is a derivative 
of tetrahydroquinoxaline and has the structure represented by (I), 
This result has been achieved by breaking down the compound 
into simpler products which are known already, or can be prepared 
by rational syntheses. 

Oxidation reactions, which are often of great value in determining 
the structure of organic compounds, throw little light on the present 
problem. The compound is very stable towards oxidising agents, 
and can, in fact, be prepared by the action of chromic acid on a 
boiling acetic acid solution of isonitrosomalondimethylanilide. It 
is more easily attacked by alkaline permanganate, but the only 
product that has been isolated is methylphenyloxamic acid, which 
serves to prove the presence in the molecule of the group 
—=>C:CO-NMePh. 

Other methods of attack, however, have proved more useful 
in giving derivatives which preserve the ring structure present in 
the parent compound. 

When the compound (I), m. p. 191°, is treated with an alcoholic 
solution of sodium ethoxide, hydrolysis occurs, and a sodium salt 
is precipitated from which a strong acid (II), m. p. 256°, can be 
obtained by the action of mineral acids. The other products of 
the reaction, methylaniline and formic acid, can be isolated from 
the alcoholic mother-liquor in the form of p-toluenesulphonmethyl- 
anilide and lead formate, respectively. 


NMe NMe 


PI ge Ae 
(I.) (II.) 


+ H:CO,H +NHMePh. 


The action on (II) of oxidising agents or of stronger hydrolysing 
agents does not lead to the formation of any easily recognisable 
derivatives. On the other hand, reducing agents convert (II) into 
a simpler compound (III), m. p. 281—283°, the structure of which 
as 2-keto-3-hydroxy-\-methyl-1 : 2-dihydroquinoxaline has been 
established in three ways: (1) By its synthetic formation from 
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Y-methyl-o-phenylenediamine and oxalic acid. (2) On treatment 
with phosphorus pentabromide, the compound (III) gives a di- 
promo-derivative (IV) which has been proved to be 2: 3-dibromo- 
quinovaline by the synthesis of this compound from 2 : 3-dihydroxy- 
quinoxaline and phosphorus pentabromide. (3) By the action of 
phosphorus pentachloride the compound (IIT) is converted into the 
known compound 2 : 3-dichloroquinoxaline (V) : 


Aine . Nile 
4 (I). IT.) reduction ( \Y eo . \NHMe 2 HO-CO 
“ae: " \ ACOH _ /NH, “ 0:C-0H 
ee ? 
ared :™“ — 
gs (IIL) “SS 
ning er _ 
sent es N ~  N 
nts, (IV.) f \/ Nowe ey ; /\/N¢-0H ( ¥ r Sec “ : 
“LA JCBr per. A C-OH \ }) joc * 

“s a cea \A4 \A\ 7 

It N N N 
nly The removal of the alkyl group by the action of the phosphorus 
lich ~ u 
“ pentahalides in the last two reactions appears to be general among 

P the nitrogen-substituted quinoxalines, for Hinsberg (Annalen, 
ful 1896, 292, 257) has shown that 3-keto-2-hydroxy-4-benzyl-1 : 2- 
ye dihydroquinoxaline yields 2: 3-dichloroquinoxaline and _ benzyl 

chloride on treatment with phosphorus pentachloride : 

lic N-CH,Ph N 
alt | i \co PC A\/\Soc 
be | | Jeon —> | } Jeo + CHeFaC 
: AY \A¢ 


Another process by which the compound (I) has been broken 
down into a known quinoxaline derivative is as follows : 

The compound (I) is readily reduced to the compound (VI), 
which on treatment with sodium ethoxide suffers simultaneous 


NMe 
(I.) reduction (CY e2 CO:NMePh (VI.) 
enon 


| hydrolysis and oxidation 


loss of CO / \ 
eer CO (VIL) 
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hydrolysis and oxidation, yielding the sodium salt of the carboxylic 
acid (VII). This acid on heating readily loses carbon dioxide 


and is converted into the basic substance (VIII). 


The acid (VII) (2-keto-1-methyl-1 : 2-dihydroquinoxaline-3-carb. 
oxylic acid) and the base (VIII) (2-keto-l-methyl-1 : 2-dihydro. 
quinoxaline) are known compounds, having been prepared by 
Kihling and Kaselitz (Ber., 1906, 39, 1325) from alloxanmethy]-o. 


phenylenediamine. 
Py igus sna fi 0 H ‘aon 
\ 4 (cold) \) 4 O 0 —— (VII.)—> (VIII) 
‘a CO-NH ; 
NC<G0-NH> co \nZ NH-CO-NH, 


An attempt was made to synthesise the base (VIII) by a more 
direct method than that employed by Kihling and Kaselitz. It 
was expected that N-methyl-o-phenylenediamine would condense 
with glyoxylic acid in accordance with the scheme 


NMe 
(\NHMe, HOO _, ( ne 90 
\ /NE O:CH WN VA 


producing the base (VIIT). Experiment showed, however, that this 
condensation gives rise exclusively to the compound (IX), and this 
readily loses carbon dioxide, giving the base (X), N-methylbenzimin- 
azole, which has been described by Fischer and Wreszinski (Ber., 
1892, 25, 2711). 

NHMe 


it —211,0 
| + (OH),CH-CO,H 


| 
\/\nE, 


2 
—2H 


NMe NMe 


PP Lat baliNagl 
ax.) ( Y oco,H =, f Y oHK 
VY VY 


The course taken in the preceding condensation is only one of 
the many illustrations that might be given to show the remarkable 
tendency to formation of the glyoxaline ring, and, in the earlier 
stages of this work, it was thought possible that one of the hydrogen 
atoms removed by oxidation from the molecule of the isonitroso- 
malondimethylanilide might be one of the hydrogens of a 
N-methyl group. This would lead to the glyoxaline structure (Ia) 
for the compound now known to have the structure (I), and with 
this possibility in view a series of experiments was made with the 
object of synthesising a compound having the structure (Ia), or 
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compounds containing a similar ring into which it was expected 
that this compound might be degraded by the use of suitable 
reagents. One of the simplest compounds into which a substance 
having the structure Ia could be converted without loss of the five- 
membered ring nucleus is the compound (XI); but in view of the 
extraordinary stability of the glyoxaline nucleus towards reducing 
agents a compound such as (XI) would probably lose hydrogen to 
give the simpler compound (XIT). 
CO-NPh HO-C-NPh HO-C-NPh 
a.) —> H,NH? OE or Hen Ce > Hin? CH 
(XI.) (XII.) 

Attempts to synthesise a compound having the structure repre- 


sented by XII fall into three main divisions : 
1. Since o-phenylenediamine and formic acid condense to give 


“ benziminazole (Wundt, Ber., 1878, 11, 826), 
nse NH 
£% ff ™ 
He + OH ScHn —> ( \ oH 
iia \Z S¥ 


it was not unreasonable to suppose that a compound having the 
structure (XII) would be produced in the condensation of glycine- 
anilide with formic acid, 


SO‘NHPh , HO , CONPh 
agp +078 > One cH @) 

When, however, formic acid acts on glycineanilide, it yields a formyl 

derivative having the structure (XIII), (XIV), or (XV). 

NEDO ola. O-NPh ; H,N-CH,°CO-NPh 

0HC-NH-CH,-CO-NHPh pen OH fae. 
(XIII.) (XIV.) (XV.) 

All attempts to induce further condensation by the removal of 

the elements of water from the formyl compound have been un- 

successful. Most dehydrating agents appear to break down the 

molecule, as aniline is usually found among the products of such 

reactions. Acetic anhydride, however, gives rise to a mono-acetyl 

derivative. 

2. Finger (J. pr. Chem., 1907, [ii], 76, 93) has shown that acet- 
imidoethyl ether and glycine ester condense to form a glyoxaline 
ring : 

ZNH , EOCO _ sneN-—CO 9 
Mec<he + mantel > MeO<Ya Gy, + 20H. 

It was hoped that formimidoethyl ether and chloroacetanilide 
might condense in a somewhat similar manner to give the glyoxaline 
derivative (XII) : 
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yaaa Sraig? > tL) HO< Nae Eton 
HC< ont * nen a a + HC. 


Experiment showed, however, that no condensation occurred 
between these compounds. 

3. The close structural resemblance between phenylhydantoin 
and the glyoxaline compound (XII) suggested that the former 
compound might be converted into the latter by means of the 
following series of reactions : 


O-NPh CO-NPh ¢O-NPh ' 
o> 7 2>C:0OH — ZCCl —> (KIL) 
occ CH,——-N CH,—N~ r 

The experiment was unsuccessful, as the required chloro-derivative 
could not be prepared. 


Action of Concentrated Sulphuric Acid on the Quinoxaline Compound 
(I) (3 : 4-Oxido-2-keto-1-methyl-1 : 2 : 3 : 4-tetrahydroquinoxaline- 
3-carboxymethylanilide). 

The quinoxaline compound (I) is very readily attacked by con- 
centrated sulphuric acid and yields one or both of two products 
according to the conditions of the experiment. 

1. When the quinoxaline compound is added gradually to cold 
concentrated sulphuric acid, it develops a bright red colour and dis- 
solves with loss of carbon dioxide to form the tertiary basic substance 
(XVI) 3-phenylmethylamino-2-keto-1-methyl-1 : 2-dihydroquinoxaline 
together with a very small quantity of the compound (XVII). 

NMe NMe 
a> Y Ye — ee: (XVI) 
ee “CO- ») — ° AVI. 
\ A O-CO-NMePh \ A, NMePh 


2. If, on the other hand, concentrated sulphuric acid be dropped 
on to the quinoxaline compound, there is an immediate and violent 
reaction, accompanied by the evolution of a small quantity of 
carbon dioxide, and development of a bright red colour a small 
quantity of the basic substance (XVI) is formed, but the chief 
product of the reaction is insoluble in dilute acids, and has been 
identified as the sulphonic derivative of the heterocyclic ring com- 
pound (XVII) *, due to the formation of a second quinoxaline com- 


* The compound (XVII) appears to be the first instance of the ring 


and it is suggested that the empirical name malonaline be given to it; the 
name indicating that the ring is derived from malonanilide. 


AND SOME ALLIED COMPOUNDS. PART III. 1075 


plex by migration of hydrogen from the ortho-position of the 
remaining phenyl group to the oxygen of the oxido-ring in (1), acting 
in its tautomeric form. 


co CO CO CO co co 
LN’, — \NMe MeN” NZ \NMe migration MeN” NZ NNMe 
an | | 


Ml | of hydrogen 
ia N\*S ie 


formation 


tautomeric 


re aN 


tt © Bie wee 


a. \Z4 


Mechanism of the Formation of the Quinoxaline Compound (I) from 
isoNitrosomalondimethylanilide by Oxidation. 

It has been shown conclusively that the quinoxaline compound, 
m. p. 191°, is derived from isonitrosomalondimethylanilide by the 
removal by oxidation of two atoms of hydrogen, one from the 
isonitroso-group and one from the ortho-position of one of the 
phenyl groups of this compound. The mechanism of this change 
merits special consideration, since it is improbable that the reaction 
consists in the direct removal of the two hydrogen atoms by an 
oxygen atom. Probably the first stage in the reaction consists 
in the addition of an atom of oxygen to the nitrogen of the isonitroso- 
group; the hydrogen atom in the ortho-position of the neighbouring 
phenyl group then passes over to this oxygen atom, forming a 
ring compound, which on loss of the elements of water is converted 
into the quinoxaline compound (I). 

This series of changes can be expressed in two ways according 
as to whether the isonitroso-group is written in the oxime >C:NOH 
(A) or the tsooxime >C—-NH (B) form : 

<9” 


«i-form of nitro-compound. 


(X denotes CO-NMePh.) 


Now, whichever of these schemes is the true representation of 
the complete course of the reaction, each requires the intermediate 


| de 
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formation of the aci-form of nitromalondimethylanilide, from 
which the quinoxaline compound is derived by the loss of a molecule 
of water between the hydrogen atom in the ortho-position of 
phenyl group, and the hydroxyl group of this active form of the 
nitro-compound, and the following experiments show that if the 
nitro-compound be liberated from its salts in the presence of 
a reagent which can induce condensation with ring formation, the 
quinoxaline compound, m. p. 191°, or one of its direct derivatives, 
will be produced : 

1. When the nitro-compound is liberated from its salts in the 
presence of a mixture of nitric and nitrous acids, then the quin. 
oxaline compound (I) and some regenerated nitro-compound are 
the sole product of the reaction, the course of which is shown 
above (C). 

2. When nitromalondimethylanilide, or its alkali salt, is treated 
with concentrated sulphuric acid, a very small quantity of the base 
(XVI) is produced, indicating that to a limited extent the nitro. 
compound reacts in its aci-form as shown in (D) below; the chief 
product of the reaction, however, is the simpler quinoxaline 
compound (XVIII), 3 : 4-oxvido-2-hydroxy-1-methyl-1 : 4-dihydroquin- 
oxaline, similarly produced from the partly hydrolysed nitro- 
compound as shown in (E) below: 


ae ss y NMe \ NMe 

‘i Wy ormation / f OSS 0} 

@){ | lox | op is ¢ = 
\/ JG i. ae a 


0° OK 0° OH i 
NMe NMe NMe 


(Yoo. nye /\/\. tautomerlo /”\/\ og 
C-CO,H 


ysis sat | CO change | | 
re a HC: NO, to aci- aus ae rd 
NO, CO,H No 


(E) | . of 


ie 
(XVIIL.) > lla 


Although the suggestion that the quinoxaline compound (I) is 
derived from the aci-form of nitromalondimethylanilide receives 
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support from the experimental evidence cited above, this explanation 
of the mechanism of the reaction is not wholly satisfactory, for it 
fails to account for the formation of the quinoxaline compound 
together with mesoxdimethylanilide by the action of nitrosyl 
chloride and water on isonitrosomalondimethylanilide. Moreover, 
nitromalondimethylanilide itself yields (1) chloronitromalondimethyl- 
anilide when treated with nitrosyl chloride and nitric acid, and (2) 
mesoxdimethylanilide when oxidised with chromic acid; and, 
further, nitromalondimethylanilide yields no quinoxaline derivative 
when treated with such dehydrating agents as acetic anhydride or 
phosphoryl chloride. 

The explanation of the mechanism of ring formation by internal 
condensation suggested in (A), (B), (C), (D), and (E) above is 
probably of general application. Thus the hitherto unexplained 
formation of isatogenic ester from o-nitrophenylpropiolic ester 
(Baeyer, Ber., 1881, 14, 1741) in all probability depends on this 
type of change; for it may be assumed that, in the presence of 
concentrated sulphuric acid, the o-nitrophenylpropiolic ester is 
first transformed into o-nitrobenzoylacetic ester. The hydrogen 
atom from the methylene group in this compound then migrates 
to the oxygen of the nitro-group, and subsequent loss of water leads 
to the formation of isatogenic ester : 


/0:0-CO,Et ( ‘co: CH,-CO,Et _, ¢ \—-CO 


\ )N0; Or \ A /CHC0, Et 
O:N-OH 
/ \—-90 7 \——$0 


\ Ag er ” \ JX /SC0eEt 
X-0 


A similar explanation can also be offered of the conversion of 
di(o-nitrophenyl)-diacetylene into di-isatogen (Baeyer, Ber., 1882, 
15, 53), and of o-nitrobenzylmalonic acid into N-hydroxyindole- 
carboxylic acid (Reissert, Ber., 1896, 29, 646) in the presence of 
alkali. 

EXPERIMENTAL. 


I. Preparation of 3: 4-Oxido-2-keto-1-methyl-1 : 2 : 3 : 4-tetrahydro- 
quinoxaline-3-carboxylmethylanilide (1) from isoNitrosomalondi- 
methylanilide. 

The quinoxaline compound (I) has been prepared from iso- 
nitrosomalondimethylanilide by four different reactions : 

1. By the action of nitrosyl chloride and nitric acid.—In this 
reaction it is not necessary to isolate the isonitroso-compound, 
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therefore 5 grams of malondimethylanilide, dissolved in 20 c.c. of 
chloroform cooled at —5°, were converted into the isonitroso-com. 
pound by saturating the solution with nitrosyl chloride. After 
keeping it at the low temperature during thirty minutes, the solution 
was treated with 0°5 c.c. of a mixture of equal volumes of concen. 
trated and fuming nitric acids; there was a vigorous reaction and 
the temperature rose to about 40°. When a drop of the solution 
on evaporation left a residue that gave no purple coloration with 
alkali and ferrous sulphate (reaction characteristic of the iso. 
nitroso-compound), the solution was allowed to evaporate rapidly 
and spontaneously. The residual syrup became crystalline on 
treatment with a small quantity of alcohol, the crystals consisting 
of a mixture of nitro- and chloro-malondimethylanilide together 
with the quinoxaline compound (I), from which mixture the nitro. 
compound was removed by repeated extraction with hot solution 
of sodium carbonate ; owing to the similar solubility in all solvents 
of the remaining constituents of the mixture, they could not be 
separated by fractional crystallisation, but as the chloro-compound 
crystallises from ethyl alcohol in large, and the quinoxaline com- 
pound in thin, flattened, prisms, these compounds were separated 
originally by mechanical methods. Subsequently it was found more 
convenient to remove the chloromalondimethylanilide by reduction 
to malondimethylanilide under conditions that do not affect the 
quinoxaline compound (I) (West, T., 1922, 124, 2198). Twenty 
grams of the crystalline mixture dissolved in glacial acetic acid 
were warmed during half an hour with excess of potassium iodide. 
The solution was poured into water, and after the originally oily 
precipitate had solidified, the excess of iodine was removed by means 
of sulphur dioxide. The crystalline product after crystallising 
from alcohol consisted of the pure guinoxaline compound (I). 

From 50 grams of malondimethylanilide, treated as described 
above in batches of 5 grams each, 20 grams of the nitro-compound, 
7 grams of the chloro-compound, and 16 grams of the quinoxaline 
compound were obtained ; but the total yield, as well as the relative 
proportions of each constituent, varied greatly with the conditions 
of the experiment. 

3 : 4-Oxido-2-keto-1-methyl-1 : 2 : 3 : 4-tetrahydroquinoxaline-3-carb- 
oxylmethylanilide is readily soluble in each of the ordinary organic 
solvents with the exception of ether, carbon tetrachloride, and 
petroleum. It crystallises from ethyl or methyl alcohol in pale yellow, 
thin, flattened prisms that melt at 190—191°, and have a bitter 
taste [Found: C= 65:8; H=49; N=13-7; M (in naphtha- 
lene) = 312. C,,H,,0,N, requires C = 66:0; H = 4:8; N = 136 
per cent.; JJ = 309]. This compound dissolves in concentrated 
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alphuric acid, yielding a characteristic bright red solution con- 
ining the compounds (XVI) and (XVII). It is converted into 
ihe compound (VI) on reduction; and yields compound (II) on 
hydrolysis. These reactions are described fully under their re- 
spective headings. 

Whilst the quinoxaline compound (I) is not attacked by acetic 
anhydride, benzoyl chloride, or benzenesulphony! chloride, acetyl 
chloride converts it into an acetyl derivative, containing chlorine, 
vhich crystallises from slightly diluted acetic acid in colourless, 
hexagonal prisms melting at 226° (Found: C = 61-5; H = 455; 
(l= 9:2; N=11-3. C,,H,,0,N,Cl requires C = 61-4; H = 48; 
(1 = 9-6; N = 11-3 per cent.); and, further, hydrogen chloride or 
ncentrated hydrochloric acid acts on an alcoholic solution of the 
quinoxaline compound (I) to form a chloro-compound that crystal- 
jses from alcohol in colourless, rectangular prisms melting at 
40—241° (Found: C= 618; H=50; N=12-9; Cl= 10-7. 
(7H ,g0,N,Cl requires C = 61:9; H= 4-9; N = 12:8; Cl = 108 
per cent.). Each of these chloro-compounds is stable towards 
reducing agents, and yields methylaniline on hydrolysis, but the 
other products of hydrolysis have not been identified, and no 
satisfactory structural formula can be assigned to these compounds 
at present. 

Nitromalondimethylanilide, (CO-NMePh),CH:NO,, is readily 
soluble in all the ordinary organic solvents with the exception of 
ether, carbon tetrachloride, and petroleum, in which it is insoluble. 
It crystallises in large, well-formed, colourless prisms, that melt 
at 156°, and are tasteless. On reduction with zine and acetic 
acid, it yields mesoxdimethylanilide (Found: N = 12-91. 
(,7H,,0,N, requires N = 12-84 per cent.). Nitromalondimethyl- 
anilide dissolves readily in caustic alkali solutions, less readily in 
sodium carbonate solution; the solutions are yellow, but yield the 
original colourless nitro-compound on treatment with mineral 
or acetic acid. The potassium salt is precipitated in a crystalline 
form when a warm solution of 1-5 grams (1-5 mols.) of potassium 
hydroxide in 20 c.c. of alcohol is added to a hot solution of 5 grams 
(1 mol.) of the nitro-compound in 50 c.c. of alcohol : after recrystal- 
lising from alcohol, the salt forms pale yellow, thin prisms that 
have a bitter taste (Found: K = 10-33. C,,H,,0,N,K requires 
K = 10-64 per cent.). 

Chloronitromalondimethylanilide, (CO-NMePh),CCI‘NO,, is ob- 
tained in small quantity when nitric acid acts on a solution of 
nitromalondimethylanilide in chloroform, saturated with nitrosyl 
chloride. From 1 gram of the nitro-compound dissolved in 40 c.c. 
of chloroform, saturated with nitrosyl chloride at — 5° and then 
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treated with 2 c.c. of nitric acid (d 1-46), 0-9 gram of the chloronityo. 
compound was obtained. It crystallises from alcohol in colourles; 
leaflets melting at 132—134° (Found: C=56-7; H=44. 
Cl = 9-4. C,,H,,0,N,Cl requires C = 56-4; H = 4-4; Cl = 98 
per cent.). 

Chloromalondimethylanilide, (CO-NMePh),CHCI, is a by-product 
in the preparation of isonitrosomalondimethylanilide by the action 
of nitrosyl chloride on malondimethylanilide. It dissolves readily 
in methyl alcohol or acetic acid, is less readily soluble in all the other 
organic solvents with the exception of ether and carbon tetrachloride, 
in which it is insoluble; it forms colourless, well-developed prisms 
that melt at 185°. It is readily reduced by the action of zinc and 
acetic acid or by hydriodic acid, to malondimethylanilide (Found: 
C = 64:09; H=557; N=894; Cl=11-28. C,,H,,0,N,C 
requires C = 64-46; H = 5-38; N = 8-85; Cl = 11-20 per cent.). 

2. By the action of water on a solution of isonitrosomalondimethyl. 
anilide in chloroform saturated with nitrosyl chloride.—A solution of 
5 grams of malondimethylanilide in 30 c.c. of chloroform was 
saturated with nitrosyl chloride at 0°, and after about thirty minutes 
it was treated with a few drops of water and the mixture shaken, 
when there was a vigorous evolution of nitrous fumes and of hydrogen 
chloride and heat was developed. After a few minutes, when the 
solution no longer contained any of the isonitroso-compound, the 
chloroform and excess of nitrosyl chloride were removed by rapid 
and spontaneous evaporation. The crystalline residue, after being 
washed with a little cold methyl alcohol, was found to be a mixture 
of the quinoxaline compound (I) with the ketonic compound, 
mesoxdimethylanilide, and weighed 3-1 grams. Separation was 
effected by adding one part of cold water to two parts of a hot 
alcoholic solution of the mixture, when the ketonic compound 
crystallised on cooling, and the quinoxaline compound was recovered 

from the mother-liquor. 

Mesoxdimethylanilide, (CO*-NMePh),CO, is very readily soluble 
in methyl alcohol, acetic acid, chloroform, benzene, or pyridine, 
fairly soluble in ethyl alcohol, ethyl acetate, carbon tetrachloride, or 
toluene, sparingly soluble in ether, and insoluble in petroleum; it 
crystallises in long, thin, pale yellow prisms, melting at 171°, and 
is tasteless. It yields csonitrosomalondimethylanilide on treatment 
with hydroxylamine in slightly alkaline solution (Found: C = 68°18; 
H = 5-48; N= 9-55. C,,H,,0,N, requires C = 68-92; H = 5-46; 
N = 9-46 per cent.). 

When preparing mesoxdimethylanilide by the method described 
above, it was found, not infrequently, to be mixed with a small 
quantity of a secondary product which is soluble in sodium carbonate 
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solution. At present the constitution of this compound is un- 
determined; it crystallises in pale yellow, thin, flattened prisms 
from alcohol and melts at 170° (Found: C = 59-97; H = 4:86; 
N=16-47. C,,H,,0,N, requires C = 59:99; H= 4-71; N= 16-47 

r cent.). 

Mesoxdimethylanilide has been prepared also by the action of 
the nitrogen oxides evolved from arsenious oxide and nitric acid 
(@ 1-3) on isonitrosomalondimethylanilide, dissolved in moist 
chloroform, alcohol, or acetic acid; moreover, it is the only product 
that has been isolated when nitromalondimethylanilide is reduced 
by means of zinc and acetic acid (5 grams of the nitro-compound 
yielded 2—3 grams of the ketone); and, finally, nitromalondi- 
methylanilide yields a very small quantity of mesoxdimethylanilide 
when oxidised by chromic acid in acetic acid solution (5 grams of 
the nitro-compound gave less than 0-1 gram of the ketone). It is 
hoped that further work will throw some light on the mechanism 
of these reactions. 

3. By the action of chromic acid.—Five grams of isonitroso- 
malondimethylanilide, dissolved in 30 c.c. of glacial acetic acid, were 
boiled for fifteen minutes with 14 c.c. (= two atoms of oxygen) of 
a solution of chromium trioxide in acetic acid (50 grams of CrO, in 
350 c.c.). The product was poured into water, excess of chromic 
acid reduced by means of sulphur dioxide, the solution filtered 
from a small amount of a brown, amorphous solid, and the filtrate 
extracted with chloroform. The chloroform extract left a syrupy 
residue on evaporation which yielded 1-7 grams of crystalline 
matter on treatment with alcohol, and was found to be the quin- 
oxaline compound (I). After crystallisation from alcohol, it melted 
at 189—191° and did not depress the melting point of an authentic 
specimen of this compound. 

4. By the action of nitric acid.—Five grams of isonitrosomalondi- 
methylanilide, dissolved in 30 c.c. of chloroform, were treated with 
2 c.c. of a mixture of equal volumes of concentrated and fuming 
nitric acids, and the mixture warmed until the solvent began to 
boil. The solution was then allowed to evaporate spontaneously 
and the residual syrup treated with alcohol; this gave 2-9 grams of 
crystalline material which was found to be a mixture of nitro- 
malondimethylanilide (2-3 grams), m. p. 156°, with the quinoxaline 
compound (I) (0-3 gram), m. p. 189—]91°. 


Oxidation of 3: 4-Oxido-2-keto-1-methyl-1 : 2:3 : 4-tetrahydro-3- 
carboxylmethylanilide (I) with Pontos. ‘dammaaaie 


To 5 grams of the quinoxaline compound (I), suspended in 100 
cc. of hot 2N-sodium carbonate solution containing magnesium 
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sulphate, a quantity of 4 per cent. potassium permanganate solution 
(equivalent to 12 atoms of oxygen) was added slowly. After 
removing the manganese, the solution was reduced in bulk, and 1+] 
grams of the unchanged compound were separated by filtration 
and ether extraction. From the acidified solution ether extracted 
0-6 gram of methylphenyloxamic acid, which crystallised from 
water in colourless prisms melting at 82°, or at 129° (decomp) 
after drying; the anhydrous acid, m. p. 130°, was also obtained by 
crystallising from benzene. Guareschi (private communication 
to Beilstein) gives m. p. 82° (hydrated) or 120° (decomp.) (anhydrous). 
The acid yields methylaniline on decomposition at its melting 
point (Found : C = 60-7; H = 5-1. Cale., C = 60:3; H = 5-0 per 
cent.). 


Degradation of 3: 4-Oxido-2-keto-1-methyl-1 : 2:3 : 4-tetrahydro- 
quinoxaline-3-carboxylmethylanilide (I) to 2-Keto-3-hydroxy-1- 
methyl-1 : 2-dihydroquinoxaline (IIT). 

1. 3: 4-Oxido-2-keto-3-hydroxy-1-methyl-1: 2:3 : 4-tetrahydro- 
quinoxaline (II).—To 5 grams of the quinoxaline compound (]), 
suspended in 25 c.c. of alcohol, 30 c.c. of a solution of sodium 
ethoxide (5 per cent.) were added and the mixture was warmed on 
the water-bath until solution was complete. A gelatinous sodium 
salt was precipitated which redissolved on the addition of a little 
water and then separated in colourless prisms (Found : Na = 10-24. 
C,H,O,;N,Na requires Na = 10-7 per cent.). The potassium salt, 
prepared similarly from the quinoxaline compound and alcoholic 
potassium hydroxide, crystallises in plates (Found: K = 17-19. 
C,H,0O,N,K requires K = 16-99 per cent.). The acidic compound 
(II), 3: 4-ovido-2 -keto-3-hydroxy-1-methyl-1 : 2:3: 4-tetrahydro- 
quinoxaline, is precipitated by mineral acids from aqueous solutions 
of the alkali salts. It is readily soluble in methyl alcohol, acetic 
acid, or hot water, sparingly soluble in ethyl alcohol, ethyl] acetate, 
or ether, and insoluble in the other ordinary solvents ; it crystallises 
from alcohol in stellate clusters of colourless, brilliant, long 
prisms that melt at 257° (decomp.) (Found: C = 56-4; H = 4-4; 
N = 14:59. C,H,O,N, requires C = 56:25; H = 4:17; N = 14:58 
per cent.). This compound has a bitter taste, dissolves readily 
in alkali carbonates, and gives an ethyl ether that melts at 167—168° 
[Found: C = 60-5; H = 5:83; N= 12-8; W&M (in naphthalene) 
= 221. C,,H,,0,N, requires C= 600; H=545; N= 12-73 
per cent. ; M = 220). 

2. 2-Keto-3-hydroxy-1-methyl-1 : 2-dihydroquinoxaline (II1).—Four 
grams of the compound (II), reduced by zinc dust (2 grams) in 
boiling acetic acid solution, yielded 2-8 grams of a product that 
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AMIDE 
lution # melted at 281—283° after crystallising from hot water, from which 
it separates in thin prisms forming a loose lattice-like structure; it 


can also be crystallised from acetic acid, but is very sparingly 
soluble in all the other organic solvents (Found: C = 61-4; 
H=4-7. C,H,O,.N, requires C= 61-4; H=4-5 per cent.). 
This compound has been identified as 2-keto-3-hydroxy-1-methyl- 
1: 2-dihydroquinoxaline by converting it into (i) 2 : 3-dichloroquin- 


ed by §f oxaline, (ii) 2 : 3-dibromoquinoxaline, and (iii) by comparison with 
ation § asynthetic specimen. 

rous), (i) Conversion into 2 : 3-Dichloroquinoxaline.—One gram of the 
slting § compound (IIT) was heated with 2-4 grams of phosphorus penta- 


chloride at 160° until there was no further reaction. The product 
was poured into water, and the solid that separated after twice 
erystallising from alcdhol was obtained as nearly colourless, brilliant 
scales melting at 148—150°. It was identified as 2 : 3-dichloro- 
quinoxaline by direct comparison, and by the melting-point test, 
with a synthetic specimen prepared from 2 : 3-dihydroxyquinoxaline 
by Hinsberg and Pollak’s method (Ber., 1895, 29, 784). 

(ii) Conversion into 2:3-Dibromoquinoxaline—One gram of 
the compound (ITT) was heated at 140° with 2-5 grams of phosphorus 
pentabromide until the reaction ceased. On pouring into water, 
a solid separated that crystallised from alcohol in colourless, 
thin leaflets melting at 171—174° (Found: C = 33:1; H= 1-7 ; 


24. § N= 10-0; Br= 55-4. C,H,N,Br, requires C = 33:3; H = 1-4; 
alt, § N= 9-7; Br = 55-6 per cent.). 

dlic This compound was found to be identical with a synthetic 
19. § specimen of 2 : 3-dibromoquinoxaline, prepared by heating 1 gram 
nd of 2 : 3-dihydroxyquinoxaline (prepared by Hinsberg and Pollak’s 
r0- method, loc. cit.) with 5-5 grams of phosphorus pentabromide at 
ms 140—160°. The product, after crystallising from alcohol, melted 
tic at 170—172° and did not depress the melting point of the compound 


ie, prepared from (III) above. 
es (iii) Synthesis of 2 - Keto - 3 - hydroxy - 1- methyl-1 : 2 - dihydroquin- 
ovaline (III)—A mixture of N-methyl-o-phenylenediamine (1-6 


grams) (prepared as described on p. 1084) with anhydrous oxalic acid 
(‘8 grams) was heated at 140—160° until there was no further evo- 
lution of steam. After removing the excess of oxalic acid with warm 
water, the residue was crystallised first from acetic acid, then from 
water ; it crystallised from the latter solvent in the colourless, thin 
needles, forming the loose lattice structure characteristic of com- 
pound (IIT), and melted at 281—283°. 
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Degradation of 3 : 4- Oxido - 2 - keto-1 - methyl-1 : 2: 3: 4 - tetrahydro. 
quinoxaline-3-carboxymethylanilide (I) to 2-Keto-1-methyl-| :9. 
dihydroquinoxaline-3-carboxylic Acid (VII), and to 2-Keto.l. 
methyl-1 : 2-dihydroquinoxaline (VIII). 


1, 2-Keto-1-methyl-1 : 2:3: 4-tetrahydroquinozaline -3 - carboxyl. 
methylanilide (V1).—Five grams of the quinoxaline compound (I), 
dissolved in 100 c.c. of glacial acetic acid, were reduced at 0° by 
adding gradually 5 grams of zinc dust while the mixture was shaken, 
After filtering, the reduced compound (V1) was obtained in a crystal- 
line form (4-5 grams) by adding water to the filtrate. It crystal. 
lises from alcohol in well-formed, thin prisms melting at 185°, 
which are tasteless (Found: C = 69:02; H=5-86; N = 149, 
C,,H,,0,N, requires C = 69:15; H = 5-76; N = 14-23 per cent). 

2. 2-Keto-l-methyl-1 : 2-dihydroquinoxaline-3-carboxylic Acid (VII) 
and 2-Keto-1-methyl-1 : 2 -dihydroquinoxaline (VIII).—The com. 
pound (VI) (3 grams), suspended in 15 c.c. of alcohol, was heated 
on the steam-bath with 25 c.c. of sodium ethoxide solution (5 per 
cent.). The solid passed into solution and when hydrolysis was 
complete the sodium salt of 2-keto-l1-methyl-1 : 2-dihydroquin- 
oxaline-3-carboxylic acid was precipitated in a gelatinous form, 
from which the acid was liberated by mineral acid. This acid 
(1-3 grams) crystallises from acetic acid in pale yellow leaflets, m. p. 
173—174° (decomp.). Kihling and Kaselitz (loc. cit.) give m. p. 
174° (decomp.) (Found: C= 59-2; H=40 Calc., C = 588; 
H = 3-9 per cent.). 

The carboxylic acid (VII) decomposes at its melting point, 
losing carbon dioxide and giving the compound (VIII), 2-keto-1- 
methyl-1 : 2-dihydroquinoxaline, which can be purified by subli- 
mation. It is sparingly soluble in water, from which it crystallises 
in colourless needles, and dissolves readily in all the ordinary 
organic solvents with the exception of light petroleum, and it melts 
at 122° (Kihling and Kaselitz give m. p. 122°) (Found: C = 67:2; 
H=52; N=175. Cale., C= 675; H=50; N=17°5 per 


cent.). 


Condensation of N-Methyl-o-phenylenediamine with Glyoxylic Acid. 
Formation of 1-Methylbenziminazole-2-carboxylic Acid (IX). 


1. Preparation of N-Methyl-o-phenylenediamine.—This compound 
was prepared from o-nitroaniline by methylation and subsequent 
reduction. 

A solution of pure o-nitroaniline (55°5 grams) and p-toluene- 
sulphonyl chloride (76°6 grams) in pyridine was heated on the 
steam-bath during four hours. On pouring the solution into water, 
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the p-toluenesulphon-o-nitroanilide separated as an oil that solidified 
on rubbing. The crude product weighed 99°5 grams and yielded 
§7°5 grams of the pure compound, m. p. 112—114°, after crystallising 
from alcohol. 

The p-toluenesulphon-o-nitroanilide was methylated by sus- 
pending portions of 8 grams in 40 c.c. of sodium hydroxide solution 
(10 per cent.) and adding 30 c.c. of methyl sulphate in successive 
portions of 5 c.c., with continual shaking, further quantities of 
sodium hydroxide solution being added as necessary (about 60 c.c.) 
to keep the liquid alkaline. The precipitate of p-toluenesulphon- 
nethyl-o-nitroanilide (8°6 grams) crystallised from alcohol in 
colourless prisms melting at 130—132°. 

The methylated product (63 grams) was hydrolysed by heating 
for one hour on the steam-bath with a mixture of 31°5 c.c. of glacial 
acetic acid and 71 c.c. of concentrated sulphuric acid. On pouring 
the product into water, o-nitromethylaniline separated as an oil 
which gradually solidified to an orange, crystalline solid (19-8 grams) 
that melted at 34—35° (Hempel, J. pr. Chem., 1890, [ii], 41, 164, 
gives m. p. 26—28°; Kehrmann and Messenger, ibid., 1892, [ii], 46, 
565, give m. p. 34°). 

The o-nitromethylaniline (32 grams) on reduction with tin and 
hydrochloric acid gave 21°9 grams of N-methyl-o-phenylenediamine 
boiling at 245—251° and yielding a hydrochloride melting at 192— 
193° (decomp.) [Fischer, Ber., 1892, 25, 2841, gives m. p. 191° 
(decomp.)]. 

2. Condensation of Glyoxylic Acid with N-Methyl-o-phenylene- 
diamine. Formation of 1-Methylbenziminazole-2-carboxylic Acid 
(IX).—Preliminary experiment showed that on mixing glyoxylic 
aid with N-methyl-o-phenylenediamine, either alone or dissolved 
in ether, alcohol, acetic acid, or dilute hydrochloric acid, a violent 
reaction takes place with elimination of carbon dioxide and develop- 
ment of heat. Under the following conditions, however, the 
condensation can be effected without the loss of carbon dioxide. 

Glyoxylic acid (0°94 gram), dissolved in a small quantity of water 
and cooled in ice, was added drop by drop to a solution of 1:23 grams 
of N-methyl-o-phenylenediamine in dilute acetic acid cooled 
at — 14°. The temperature of the mixture was allowed to rise 
gradually to about 5°, and the solid product of the reaction (0°4 
gram) separated by filtration. This compound (IX) dissolves with 
eflervescence in sodium hydrogen carbonate, and is reprecipitated 
by mineral acids from concentrated solutions. It is readily soluble 
in water, methyl or ethyl alcohol, acetic acid, or ethyl acetate, and 
insoluble in the other ordinary organic solvents. The compound, 
purified for analysis by crystallising from water below 60°, forms 
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long, colourless, flattened prisms, m. p. 98—99° (decomp.) (Found: 
C=614; H=47; N=15°9. C,H,O,N, requires C= 614, 
H=45; N=15°9 per cent.). This acid, 1-methylbenziminazok. 
2-carboxylic acid, lost carbon dioxide at its melting point, forming a 
colourless oil that solidified to crystals melting at about 30°; owing 
to lack of material it was not possible to obtain a pure specimen of 
this compound, N-methylbenziminazole (X); according to Fischer 
and Wreszinski (Ber., 1892, 25, 2711), it melts at 33°. 


Condensation of Glycineanilide with Formic Acid. 


Attempts to prepare glycineanilide from ammonia and chloro. 
acetanilide, or from aniline and glycine ester were unsuccessful 
(compare Majert, D.R.-P. 59121, 59874). Ultimately it was found 
possible to prepare glycineanilide carbonate by the action of the 
hydrochloride of glycine chloride (1 mol.) (Fischer, Ber., 1905, 38, 
2917) on aniline (2 mols.), dissolved in dry chloroform, and treating 
with sodium carbonate solution the residue left on evaporation 
of the chloroform. Glycineanilide carbonate was purified by solution 
in dilute hydrochloric acid and reprecipitation with pure sodium 
carbonate solution, the precipitate being washed with water, alcohol, 
and ether successively (Found: C = 568; H=61. C,,H,,0;N, 
requires C = 56°4; H = 61 percent.). This salt is not stable, and 
loses carbon dioxide on keeping. 

Condensation of Glycineanilide Carbonate with Formic Acid.— 
Glycineanilide carbonate (4°2 grams) and 2°8 c.c. of formic acid 
(98 per cent.) were heated on the steam-bath for two hours, and the 
crystals that separated on cooling were drained on porous earthen- 
ware and crystallised from water. The product, 2-hydroxy-4-keto-3- 
phenyltetrahydroglyoxaline (XIV) or formylaminoacetanilide (XIII), 
crystallises in short, thin needles, m. p. 148—150° (Found: C = 60°3; 
H=5'8. (©,H,,0,N, requires C = 60°7; H=5°6 per cent.). 
It yields an acetyl derivative that crystallises from a mixture of 
benzene and alcohol in minute, colourless needles, m. p. 168—171° 
(Found: C= 597; H=56. (C,,H,,0,N, requires C = 609; 
H = 5°5 per cent.). 


Behaviour of 3: 4-Oxido-2-keto-1-methyl-1 : 2 : 3 : 4-tetrahydroquin- 
oxaline-3-carboxylmethylanilide (1) towards Concentrated Sulphuric 
Acid. 


1. Preparation of 3-Phenylmethylamino-2-keto-1-methyl-1 : 2-di- 
hydroquinoxaline (X VI).—Three grams of the quinoxaline compound 
(I), reduced to a fine powder, were stirred gradually into 10 c.c. of 
concentrated sulphuric acid cooled in a freezing mixture. The 
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compound dissolved with effervescence, carbon dioxide being 
evolved, to form a bright red solution. On pouring the acid solution 
into water, there was a slight precipitate of the yellow compound 
(XVII); this was filtered off, and the yellow filtrate neutralised 
with sodium carbonate, when the basic compound (XVI) was 
precipitated as an orange-red powder (2°5 grams). It is readily 
soluble in all the ordinary organic solvents with the exception of 
ether and light petroleum, in which it is very sparingly soluble, as 
itis also in water; the compound is dimorphous and crystallises 
from solution in any solvent in long, thin, red prisms that gradually 
redissolve when left in contact with the mother-liquor and are 
replaced by well-formed, octahedral prisms; each of the two forms 
melts at 135° (Found: C = 72°46; H = 5°78; N = 15°8; M = 239. 
(,,H,;ON; requires C = 72°47; H = 5°66; N = 15'8 per cent.; 
M = 265). 

This compound, which is tasteless, forms soluble salts with 
mineral acids, yields a yellow, crystalline, sparingly soluble chloro- 
platinate (Found ; Pt = 20°8. C,.H,,0,N,Cl,Pt requires Pt = 20°7 
per cent.), and a methiodide that crystallises from alcohol and water 
in greenish-yellow, prismatic needles and melts at 205° (decomp.) 
(Found: I = 31°53. C,,H,,ON,I requires I = 312 per cent.). 
It is readily reduced by zinc and acetic acid, yielding a new base 
that crystallises from methyl alcohol in yellow prisms melting at 
140—141°, and forms a sparingly soluble hydrochloride (Found : 
C= 72°07; H= 6:53; N= 158. C,,H,,ON, requires C = 71°87; 
H = 6°36; N = 15'8 per cent.). 

3-Phenylmethylamino-2-keto-1-methyl-1 : 2-dihydroquinoxaline 
yields a nitroso-derivative * that is soluble in all the ordinary 
organic solvents with the exception of ether and carbon tetra- 
chloride, and crystallises in colourless, brilliant prisms melting 
at 197° (Found: C= 652; H=48; N=18%8. (C,,H,,0O.N, 
requires C = 65°3; H = 4°76; N = 19°0 per cent.). 

2. Preparation of Derivatives of the Heterocyclic Ring Compound 
(XVIT) (6 : 8-Diketo-5 : 9-dimethyl-5 : 6 : 8 : 9-tetrahydromalonal- 
inium Hydroxide).—On the addition of about 0°5 c.c. of concentrated 
sulphuric acid to 0°3 gram of the quinoxaline compound (I), there 
was an immediate and vigorous reaction with evolution of a small 
quantity of carbon dioxide and the solution developed a bright red 
colour. The products of seven such experiments were poured into 
water, and the yellow precipitate (1°29 grams) was crystallised from 


* 3-Phenylmethylamino-2-keto-1-methyl-1 : 2-dihydroquinoxaline does not 
contain"an imino-group, and the nitroso-group probably replaces hydrogen in 
the para-position of the phenyl group; on the other hand, this compound 


gives the Liebermann reaction. 
PP2 
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either (a) a mixture of chloroform and ethyl alcohol, from which 
6 : 8-diketo-5 : 9-dimethyl-5 : 6 : 8 : 9-tetrahydromalonalinium ethoxide 
separated in pale yellow prisms melting at 240° (Found : C = 67°66; 
H = 5°66; N= 12°42. C,,H,,0,N, requires C = 67°66; H = 5:64; 
N = 12°46 per cent.), or (b) a mixture of chloroform and methy| 
alcohol, from which 6 : 8-diketo-5 : 9-dimethyl-5 : 6 : 8 : 9-tetrahydro. 
malonalinium methoxide separated in pale yellow prisms, m. p. 276— 
278° (Found: C= 669; H=5°3. Cj gH,,0,N, requires C = 669; 
H = 5°3 per cent.). 

The original yellow precipitate could not be purified, but after 
exhaustive extraction with boiling water it was found to be soluble 
in alkalis and to contain sulphur. Since on treatment with methyl 
and ethyl alcohols it yields the above described methoxide and 
ethoxide, respectively, which are insoluble in alkalis, it is probable 
that the yellow precipitate itself consists essentially of 6 : 8-diketo. 
5 : 9-dimethyl-5 : 6 : 8 : 9-telrahydromalonalinium sulphonate. 

The acid filtrate from which the 1:29 grams of the yellow precipi- 
tate had been separated yielded 0°66 gram of the base, m. p. 135° 
(XVI), on treatment with sodium carbonate. 


Preparation of 3 : 4-Oxido-2-keto-1-methyl-1 : 2 : 3 : 4-tetrahydroquin- 
oxaline-3-carboxylmethylanilide (I) from the Potassium Salt of 
Nitromalondimethylanilide. 


This was an attempt to prepare the quinoxaline compound (I) 
by the elimination of the elements of a molecule of water from the 
aci-form of nitromalondimethylanilide under similar conditions to 
those obtaining when the quinoxaline compound (I) is prepared 
from isonitrosomalondimethylanilide by the action of nitrosyl 
chloride and nitric acid. For this purpose, nitromalondimethyl- 
anilide was liberated from its salt in the presence of both nitric 
and nitrous acids. 

To an intimate mixture of equal parts of powdered sodium nitrite 
with the potassium salt of nitromalondimethylanilide, suspended 
in dry chloroform, nitric acid (d 1:46) was added drop by drop, the 
mixture being well shaken and kept cool. There was a vigorous 
reaction at first and after it had subsided the mixture was warmed 
on the water-bath for a few minutes; water was then added to 
remove the sodium nitrate and excess of nitrite, and the chloroform 
layer separated and allowed to evaporate spontaneously. The 
residual syrup became crystalline on treatment with alcohol, and 
was found to consist of the quinoxaline compound (I), m. p. 191’, 
mixed with a small quantity of nitromalondimethylanilide, m. p. 
156°. 
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Behaviour of Nitromalondimethylanilide and of its Potassium 
Derivative towards Concentrated Sulphuric Acid. 


1. Action of Concentrated Sulphuric Acid on Nitromalondimethyl- 
anilide. Formation of 3: 4-Oxido-2-hydroxy-1-methyl-1 : 4-dihydro- 
quinoxaline (XVIII), and 3-Phenylmethylamino-2-keto-1-methyl- 
1:2-dihydroquinoxaline (XVI).—Four grams of finely powdered 
nitromalondimethylanilide were added in successive small portions 
to 30 c.c. of concentrated sulphuric acid. ‘The solid dissolved, with 
the gradual development of a bright red colour, and carbon dioxide 
was evolved. The solution was warmed on the steam-bath for a 
few minutes and stirred until evolution of carbon dioxide ceased; 
it was then cooled and poured into water. The yellow compound 
(XVIII) thus precipitated weighed 1°4 grams and after crystallising 
twice from alcohol was obtained in bright yellow, thin prisms 
melting at 192—194° (Found: C= 615; H=47; N= 162. 
(,H,0O,.N, requires C=614; H=45; N=15°9 per cent.). 
3: 4-Oxido-2-hydroxy-1-methyl-1 : 4-dihydroquinoxaline is tasteless. 
Itis insoluble in sodium carbonate, but dissolves in sodium hydroxide 
solution. 

The acid filtrate from which this compound had been separated 
yielded 0°4 gram of 3-phenylmethylamino-2-keto-1-methyl-1 : 2- 
dihydroquinoxaline (XVI) on neutralising with sodium carbonate. 
This exhibited the dimorphism characteristic of this compound, 
melted at 135°, and did not depress the melting point of an authentic 
specimen. 

Two grams of the sodium salt of nitromalondimethylanilide, 
similarly treated with concentrated sulphuric acid, gave 0°6 gram 
of the compound (XVIII) and 0°1 gram of the compound (XYI). 


We wish to thank the Council of the Royal Society for a grant 
which has defrayed much of the cost of this investigation; and the 
Advisory Council of the Scientific and. Industrial Research Depart- 
ment for a maintenance grant to one of us (KE. H. U.). 
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CX XII.—The Conversion of Malonic Acid into 
d-Malic Acid. 


By Avex. McKenzie and Harotp JAMES PLENDERLEITH. 


Arisine from work which has been carried out on the optical 
activation of racemic acid by /-malic acid (McKenzie, T., 1915, 
107, 440; McKenzie and Walker, T., 1922, 121, 349), it was con. 
sidered desirable that the effect of d-malic acid should be examined 
in the same connexion. A convenient method for the preparation 
of the latter acid had first of all to be devised, and such a method is 
naw described. 

The reduction of d-tartaric acid by hydriodic acid gave, in the 
hands of Bremer (Ber., 1875, 8, 861, 1594), a malic acid with a 
dextrorotation. This method is useless for preparative purposes; 
in a careful study of it, Freudenberg (Ber., 1914, 47, 2027) has 
shown, by converting the crude acid into its methyl ester, that the 
yield amounted only to about 2 per cent., and evidence is also 
provided from the low value of the rotation of this ester that the 
action of the hydriodic acid is not unaccompanied by racemisation. 
In an investigation of much interest in those early days of stereo- 
chemistry, Bremer (Ber., 1880, 13, 351) resolved r-malic acid by 
cinchonine, obtaining in this manner a small quantity of ammonium 
hydrogen d-malate. No description of d-malic acid is, however, 
included in Bremer’s account, and the method is unsuitable, so 
far as the experience of the present authors has gone. 

Piutti (Ber., 1886, 19, 1691) has shown that d-asparagine under- 
goes conversion into d-malic acid by deamination with nitrous 
acid; but d-asparagine is a somewhat inaccessible compound. 
Again, Nef (Annalen, 1910, 376, 37) was successful in obtaining 
0°38 gram of d-malic acid by the oxidation of d-«-hydroxybutyro- 
lactone with nitric acid; this specimen, which melted at 98—100°, 
gave [«]p -+- 307° in aqueous solution, whilst the sodium salt gave 
[«]p -+ 8:29° in the same solvent. Nef’s work was confirmed later 
by Glattfield and Miller (J. Amer. Chem. Soc., 1920, 42, 2314), 
who quote 96° as the melting point of the acid, and give its rotation 
in aqueous solution as [«], + 3°46°. The purity of the acid as 
obtained by the American authors is thus deduced from the polari- 
metric values in aqueous solution, where the observed angles were 
necessarily rather small. 

Walden (Ber., 1896, 29, 133, and subsequent papers), by the 
action of silver oxide and water on d-chloro- and d-bromo-succinic¢ 
acids, obtained d-malic acid in admixture with its r-isomeride and 
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fumaric acid. The malic acid resulting from those actions can be 
separated from the fumaric acid by means of acetone or ethyl 
acetate, but, as happens so frequently in other cases also, the 
displacement of the halogen is invariably accompanied with race- 
misation, the extent of which depends on the experimental con- 
ditions. Mixtures of r- and d-malic acids have also come under the 
observation of Holmberg (J. pr. Chem., 1913, [ii], 87, 473), but the 
separation of d- from r-malic acid by crystallisation of the mixture 
has never been successfully effected owing to the difficulty in the 
selection of a suitable solvent. 

The most successful preparation of d-malic acid hitherto recorded 
is that described by Freudenberg and Brauns (Ber., 1922, 55, [B], 
1339). d-Tartaric acid was converted through its dimethyl ester 
into dimethyl monoacetyl-d-tartrate, in which the hydroxy-group was 
displaced by chlorine by means of thionyl chloride and pyridine. 
The acetyl group was then eliminated, and d-malic acid was 
obtained from the resulting chloromalic acid by reduction with 
zine. 

It is well known from the observations of Gernez and others 
that the addition of ammonium molybdate to an aqueous solution 
of l-malic acid causes the solution to become very strongly dextro- 
rotatory. Darmois (Compt. rend., 1920, 171, 348; 1921, 172, 
1486), after examining the crystalline ammonium dimolybdo-l- 
malate, has recently, in conjunction with Périn (Compt. rend., 1923, 
176, 391), described the isolation of ammonium dimolybdo-d- 
malate, C,H,O;,2M00,,2NH,. This compound, which crystallises 
well, has the high levorotation [«];.. —220°, and can be prepared 
from the crude d-malic acid resulting from Walden’s method. As 
it is stated that d-malic acid can be obtained from this molybdo- 
malate, it may emerge that, of the various methods hitherto quoted 
for preparing d-malic acid, this is the one most promising from 
the preparative point of view. 

The method described in the present paper is based on the 
observation of Thurnlackh (Monatsh., 1891, 12, 556) that 
yyy-trichloro-f-hydroxybutyric acid can be converted into calcium 
r-malate by the action of alkali. The yield of calcium salt was small, 
and the r-malic acid was not isolated from it by Thurnlackh. 

We employed pyridine with successful results in place of the 
glacial acetic acid used by Thurnlackh in the condensation of 
malonic acid with chloral, and found that the resulting yyy-trichloro- 
8-hydroxybutyric acid crystallises from water with 1}H,O. This 
acid can readily be resolved into its optically active components 
by means of quinine in ethyl-alcoholic solution. The l-acid melts 
at 104—105°, has [«]}7 —29°6° in ethyl-alcoholic solution (¢ = 
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1°5528), and gives barium d-malate on hydrolysis with barium 
hydroxide : 
2CCl,-CH(OH)-CH,°CO,H + 5Ba(OH), = 

3BaCl, + 6H,0 -+ c— nade 


-CO-O 


The preparation of the latter salt in good yield presented diff. 
culties. On decomposition with oxalic acid it gave d-malic acid, 

The preparation of d-malic acid by the method of Freudenberg 
and Brauns (loc. cit.) is of importance with respect to the con- 
figuration of the acid, since it is shown that d-tartaric acid and 
d-malic acid belong to the same steric series, and the work of Clough 
(T., 1918, 113, 526) on different lines was thus confirmed. The 
substitution of the —CO,H group for the —CCl, group in I-yyy-tri- 
chloro-8-hydroxybutyric acid would not be likely to cause con- 
figurative change if the mechanism of the displacement is inter- 
preted on the simplest basis, 


Cl 
GLNO-GH(OH): -CH,CO,H —> OH0-CH(OH) CH, CO,H _ 


HO,C-CH(OH)-CH,-CO,H, 


since, according to this scheme, C atom 1 remains throughout in 
direct attachment to the asymmetric carbon atom *, and no Walden 
inversion would then be possible. From this point of view, where 
the configurative relationship between the levorotatory chloro- 
acid and d-malic acid is concerned, it would probably be more 
correct to designate the levorotatory chloro-acid as d-, adopting 
d-malic acid as the reference compound. The nomenclature l., 
which we have assigned to it, is based simply on the sign of the 
rotations observed in ethyl alcohol and acetone. 


EXPERIMENTAL. 


Resolution of r-yyy-T'richloro-B-hydroxybutyric Acid into its 
Optically Active Components.—The preparation of this racemic acid 
from malonic acid and chloral has been described by Thurnlackh 
(loc. cit.), who used glacial acetic acid as the condensing medium. 
This action proceeds in an irregular manner, sometimes failing alto- 
gether to give any of the desired product, as Auwers and Schmidt 
(Ber., 1913, 46, 487) found. Doebner and Segelitz (Ber., 1905, 
38, 2733), however, give details for the condensation of ethyl- 
malonic acid and chloral, when they found that pyridine can with 
advantage be substituted for glacial acetic acid in such actions. 
We therefore prepared the racemic acid as follows. 
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rium Pyridine (65 grams) was added gradually to a mixture of malonic 
acid (26 grams) and freshly-prepared chloral (37 grams). When 
the vigorous action had moderated, the mixture was heated on the 
water-bath for two hours to expel the carbon dioxide. The un- 
attacked chloral together with the bulk of the pyridine was removed 
from the resulting oil by distillation under diminished pressure. 
The syrupy residue was then acidified with concentrated hydrochloric 
acid, water was added, and the crude chloro-acid extracted with 
ether. It can be crystallised from water without appreciable 


decomposition. At the ordinary temperature, it is sparingly 


and § soluble in water, from which it separates in glassy plates. When 
ugh # dried at the ordinary temperature, it melts at about 52—54°, and 
Che § on analysis was found to contain 14 molecules of water of crystal- 
tri- J lisation. It becomes anhydrous when kept in an evacuated desic- 
on- cator over sulphuric acid, and it then melts at 118—119°, whereas 
er Thurnlackh (loc. cit.) gives 118°5°. The anhydrous acid may be 
crystallised conveniently from benzene. The average yield of this 
recrystallised anhydrous acid from four preparations conducted 
> as above was 35°5 grams. 
In the current number of the Berichte, the preparation of 
yyy-trichloro-8-hydroxybutyric acid by the agency of pyridine is 
in also described by Auwers and Wissebach (Ber., 1923, 56, [B], 715). 
me The ethyl ester separates from benzene in silky prisms, and melts 
a at 57—58° in agreement with the value 56—57° observed by Auwers 
a and Schmidt (loc. cit.). 
ne The resolution of the acid proceeds very smoothly, and the 
" following is a description of a typical preparation. Ninety-one 


grams of quinine (1 mol.) were dissolved by heating with 600 c.c. 
of ethyl alcohol, and 50 grams of the anhydrous acid (1 mol.) were 
added. Solution of the acid took place with readiness. On 
cooling, crystallisation started quickly, and after one day in the 
ice-chest, the resulting solid was crystallised from 1200 c.c. of ethyl 
alcohol. The quinine /-salt (59 grams) separated in glassy prisms, 
which melt with decomposition at about 208°. At 25°9°, 100 c.c. 
of its ethyl-alcoholic solution contain 0°44 gram of salt. After the 
salt was decomposed by dilute sulphuric acid, the chloro-acid was 
extracted with ether. The yield amounted to 19 grams, and after 
two crystallisations from benzene the acid (16°5 grams) was pure. 
In another resolution, where 50 grams of the r-acid were again 
employed, the quinine salt was crystallised from alcohol five times, 
and the resulting acid crystallised three times from benzene. The 
optical activity of the acid was the same as before, and therefore 
the prolonged crystallisation of the quinine salt is not necessary. 


l-yyy-Trichloro-B-hydroxybutyric acid melts at 104—105°. It is 
Pp Pp* 
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readily soluble in ethyl alcohol and in acetone at the ordinary 
temperature. It is readily soluble in hot benzene, and sparingly 
soluble in the cold solvent, from which it separates in glassy, hex. 
agonal prisms. It is sparingly soluble in cold toluene, chloroform, 
or light petroleum (b. p. 40—60°). It is much more soluble in 
water than is the inactive isomeride, and it differs from the latter 
in not crystallising with water of crystallisation (Found : C = 23:2; 
H = 2:3. Cale, C=23:1; H=2°4 per cent.). Its specific 
rotation was determined as follows : 


In ethyl alcohol : 
1 = 2, c= 1°5528, «jj = — 0°92°, whence [a]i7 — 29°6°. 
l= 2, c= 40004, «j}* = — 2°41°, whence [«]}} a 30°1°. 
l= 2, c= 40004, «!%,, = — 2°77°, whence [«[13,, — 34°6°. 


In acetone: 


l= 2, c= 1°553, aif* = — 0°70°, whence [a]i?* — 
t= 2, c= 1°553, al = — 0° 78°, whence [«]}{° — 


In the preceding resolution, the first filtrate, after the removal 
of the crystals containing a preponderance of the JB/A salt, gave 
on partial evaporation 26 grams of crystals in which the /BdA 
salt was in excess. The acid from this amounted to 8°5 grams 


which, when crystallised three times from benzene, gave 5 grams of 
the pure d-acid (Found: Cl = 51:4. Calc., Cl = 51°3 per cent.). 
d-yyy-T'richloro-B-hydroxybutyric acid gave values for its specific 
rotation in agreement with those for the l-isomeride. 

In ethyl alcohol : 


l= 2, c= 1°551, «jf? = + 0°87°, whence [a]}** + 28°. 
l= 2, ¢=1°551, afi) = + 108°, whence [a]!3° + 34°8°. 


In acetone : 
I= 2, ¢ = 15528, a}? = + 0°71°, whence [a]}? + 22°9°. 
t= 2, c = 1°5528, ol, = +0 81°, whence [«]!5,, ++ 26:1°. 


Conversion of |-yyy-T'richloro-B-hydroxybutyric Acid into d-Malic 
Acid.—It was found that the l-chloro-acid on decomposition with 
potassium hydroxide, and the subsequent addition of barium 
chloride, gave a dextrorotatory barium salt. Under the conditions 
adopted, the latter salt was not quite pure barium d-malate; in 
one case, for example, the percentage of barium in the anhydrous 
_ salt was 50°5 (Calc., 51:0). 0°2351 Gram was decomposed by 
1:54 c.c. of dilute hydrochloric acid containing the calculated amount 
of acid. 3°95 C.c. of potassium hydroxide (0°3132N) were added, 
and then 6°04 c.c. of a standard solution of uranium nitrate (32°9356 
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grams of the hydrated salt in one litre of water). The solution, 
when made up to 20 c.c. with water, gave a + 2°30° (/ = 2), 
whereas barium /-malate, prepared from Kahlbaum’s acid, gave, 
under similar conditions, a higher value, namely «) — 2°66°. In 
several other cases the percentage of barium was 50°2, 49°3, 50°2, 
respectively, whilst the malic acid obtained from those products 
apparently contained some of the r-acid. Slight racemisation had 
nost likely taken place by the agency of the potassium hydroxide, 
which was used in strong solution for the elimination of chlorine 
from the chloro-acid (compare McKenzie and Thompson, T., 1905, 
87, 1004). The decomposition of the /-chloro-acid by potassium 
hydroxide and the subsequent addition of barium chloride, did not 
therefore prove to be satisfactory for the preparation of barium 
d-malate. It seems to be difficult to wash the product free from 
potassium chloride without considerable loss. Moreover, barium 
d-malate tends to form supersaturated solutions, and we could not 
depend on the polarimetric results, even with such solutions, as a 
criterion of purity, as the observed angles of rotation are too small 
(compare Schneider, Annalen, 1881, 207, 277). Recourse was 
accordingly had to the uranyl reagent in order to enhance the 
rotations. The use of potassium hydroxide was therefore aban- 
doned, and the chloro-acid was acted on by barium hydroxide as 
follows. An aqueous solution of barium hydroxide (824°5 c.c.) 
containing the calculated quantity of the alkali was added within 
an interval of half an hour to 9°98 grams of the /-chloro-acid. The 
volume of the solution in the flask was then reduced to 450 c.c. by 
evaporation on the water-bath, for ten hours, in the absence of 
carbon dioxide. The elimination of the halogen was then complete, 
and on evaporation to smaller bulk the barium salt crystallised. 
This was removed and washed to free completely from chloride. 
Yield 9°3 grams. For analysis, it was dried at 120° (Found: 
Ba = 51°1. Cale., Ba = 51°0 per cent.). The salt was pure barium 
d-malate. 0°2358 Gram was employed with the uranyl reagent in 
the proportions already quoted. Found: o54,; + 3°15° (1 = 2). 
A specimen of pure barium /-malate gave, under similar conditions, 
sag, — 3°20° (1 = 2). 

Barium d-malate (8°73 grams) was suspended in water and treated 
with the calculated amount of oxalic acid. After the removal of 
the barium oxalate, the filtrate was evaporated to small bulk, and 
dried in a desiccator over sulphuric acid. The crude malic acid 
(4 grams) was purified by dissolving in acetone and precipitating 
with xylene. It then melted at 99—99°5°, whereas l/-malic acid 
melts at 100° (Walden, Ber., 1896, 29, 1699). Yield, 2°5 grams. 


It was free from fumaric acid, as it did not decolorise cold alkaline 
* 9 
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potassium permanganate. Its silver salt on analysis gave Ag = 61:8 
per cent. (Calc., 62:0). 

0°2233 Gram was mixed with 0°5152 gram of ammonium molyb. 
date, and made up to 20 c.c with water. Found: a}!* —12-29° 
(J = 2), whence [«]i/* — 550°. A specimen of the pure l-acid 
gave, under similar conditions, [«]}}* + 12°69° (1 = 2), whence 
[a]ii* + 568°. 

In another experiment, 6°5 grams of barium d-malate yielded 
3°04 grams of d-malic acid. 0:279 Gram of this acid was mixed 
with 0°6438 gram of ammonium molybdate, and made up to 25 c.c, 
with water. Found: aj} — 12°46° (1 = 2), whence [a]i* — 558°. 
Its silver salt on analysis gave Ag = 61'8 per cent. (Calc., 62°0). 


One of us (H. J. P.) desires to express his best thanks to the 
Department of Scientific and Industrial Research for a grant which 
enabled him to take part in this investigation. 
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CXXIII.—Researches on Residual Affinity and Co- 


ordination. Part XVI. Normal and Acid Salicyl- 
atotetramminocobaltic Salts. 


By Gitpert T. Morean and J. D. Marn Smits. 


In a former communication on cobaltammines (T., 1922, 121, 
1956), we described the preparation of a new series of co-ordinated 
compounds containing salicylic acid implicated in a univalent 
tetramminocobaltic radicle having the following chemical con- 
stitution : 


We showed further that this univalent radicle has the following 
outstanding properties : 

(1) It resembles the ions of the alkali metals, and particularly 
that of sodium. Those reagents which precipitate sodium from 
its soluble salts yield sparingly soluble salts of the salicylatotetr- 
amminocobaltic complex. 

(2) In its normal salts this cobaltammine radicle exists in 4 
hydrated form—one molecule of combined water to each molecule 
of theion. This water is held tenaciously up to 135° and its removal 
is attended by destruction of the complex. 
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(3) The salicylatocobaltammine complex has a marked tendency 
to form acid or hydrogen salts, in which it exists in an anhydrous 
condition. 

The last two characteristics of the salicylatotetrammine complex 
were explained by assuming that it contains two foci of co-ordination, 
a positive focus due to the tervalent cobalt atom and a negative 
focus attributable to an oxygen atom and probably to that oxygen 
which is present in the carbonyl radicle. In the normal salts, this 
oxygen atom attracts the firmly-held water molecule, bringing it 
into the co-ordination complex as in formula II; in the hydrogen 
salts, it co-ordinates with the hydrion as in formula IIT. 


, ,0-C,H rf 4 0-08 
(NH,),CoK |" ~ HOH X | (NH) 07 ee 
: 0-6=0" 4 \O—C'=0" 

(I1.) (III.) 


The oxygen atom acting as the negative co-ordinating focus 
retains its bivalency, but assumes the co-ordination number 3 as 
in the large and varied group of oxonium salts and as in such 
aquo-salts as aquopentamminocobaltic chloride (roseocobaltic 
chloride) and its numerous analogues. In the foregoing formule, 
the symbol X expresses any univalent acidic radicle which is united 


by an electrovalency with the positive cobalt atom. X, may be 
either two univalent acidic radicles or one bivalent acidic radicle. 
These properties which stamp the salicylatotetramminocobaltic 
radicle as a binuclear co-ordination complex of mixed polarity are 
sufficiently remarkable to warrant a more comprehensive study of 
its derivatives, and this investigation has now been completed by an 
examination of forty-seven salts of the new cobaltammine. 


I. The Salicylatotetramminocobaltic Complex as a Compound Alkali- 
ion Resembling Sodium. 


It was shown in the earlier paper that the salicylatocobaltammine 
resembles sodium in yielding the following sparingly soluble salts : 
oxalate, bicarbonate, and «-naphthylamine-8-sulphonate. This 
analogy has now been confirmed by the preparation of the very 
insoluble salicylatotetramminocobaltic pyroantimonate (IV), dihydroxy- 
tartrate, [R.. . . H,O],-C,H,O,, and acid oxalate (VIII), and the 
moderately soluble mesowalate, [R . . . H,0],°C,;H,O,,2H,O. The first 
two of these new salts correspond with the two well-known tests 
for sodium with pyroantimonate and with Fenton’s reagent (T., 
1898, 73,72). It was found, however, that Ball’s reagent for sodium 
(T., 1909, 95, 2128), potassium cesium bismuthonitrite, failed 
to give a precipitate with salicylatotetramminocobaltic nitrite (V). 
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These results may be summarised by stating that in seven cages 
out of the eight examined the new cobaltammine resembles sodium 
in the formation of analogous sparingly soluble salts. 


II. The Hydrated and Anhydrous Conditions of the Salicylato. 
tetramminocobaltic Complex. 


The foregoing analogy between sodium and the salicylatocobalt- 
ammine also extends to the properties of certain of their soluble 
norma] salts as, for example, the halide salts (ibid., p. 1957), but it 
breaks down completely in reference to the property of forming 
stable acid or hydrogen salts, which is possessed in a far greater 
degree by the cobaltammine than by the alkali metal. Twenty-five 
normal salts of this base have been examined, and in every case one 
molecule of firmly held water is present for each molecule of the 
complex cation. In many instances, the anion is also hydrated, 
but this water is generally removable, either at 100° or even at lower 
temperatures. 

In the earlier experiments all the acid or hydrogen salts then 
examined with the exception of the bisulphite were anhydrous, and 
accordingly this exception was regarded as a normal salt of mono- 
basic sulphurous aid. This formulation (ibid., p. 1958) requires 
amendment in the light of further research. The hydrogen sulphate 
and hydrogen dithionate are both hydrated, although less so than 
the corresponding normal salts (p. 1105), and this hydrated character 
of acid salts of other sulphur oxy-acids suggests that the bisulphite 
may also be an acid salt with its water associated with the anion 
[R...H]SO,,H,0O. But, on the other hand, it was not found 
possible to isolate the normal sulphite. 

Altogether twenty-two acid or hydrogen salts have been examined 
and of these eleven are completely anhydrous and of the remainder, 
five, although containing water, are less hydrated than the corre- 
sponding normal salts. In the hydrogen dibromide, [R . . . H]Br,,H,0, 
the amount of water is the same (1 mol.) as in the normal bromide, 
but the former loses its water at 75°, whereas the latter retains its 
water at 135°, and only loses it with destruction of the co-ordination 
complex. The hydrogen dichloride (formula XII) is exceptional in 
containing twice as much water (2H,O) as the normal chloride, 
but all the water of the former salt is expelled at 100°, whereas the 
latter retains its hydrated character at 135°. The acid cobalti- 
cyanide (XIV) has only slightly less water than the normal salt, 
but is entirely deprived of it at 97°, whereas the latter compound 
is still hydrated at 130°. 

Sixteen pairs of normal and acid salts have been obtained, the 
states of hydration of which are summarised in the following tabula- 
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tion. In all cases throughout this paper the symbol R denotes the 
anhydrous cobaltammine complex of formula I. 


Salicylatotetramminocobaltic ~ 


Combined acid. Normal salt. Acid or hydrogen salt. 
Carbonic acid [R... [R...H]CO, 

Oxalic [R...H,0],C,0 [R..-HIC.0, 

Silicofluoric oe i [R...H]SiF, 

Nitric BR... ' [R...H](NOs3), 
Phosphorous ‘R.. [R... HJHPO,,2H,O 
Pyrophosphoric R...H,0O],P,0,,14H,O [R...H],P,0,,4H,O 
Sulphuric ..-H,0],S80,,2H,O [R...H]SO,,2H,O 
Dithionic ...H,0]},8,0,,2H,O [R...HJS,0,,H,O 
Tetrathionic .- + H,0].8,0¢ R...HJ8,0, 

Hydrochloric -.. H,OJCl [R... HJCl,,2H,O 
Hydrobromic oie Agger {R...H]Br,,H,O 
Chloroplatinic .. -H,O],PtCl,,2H,O [R...HJjPtCl,,H,O 
Cobalticyanic ,, ([R...H,O]},(Co(CN),],1-5H,O [R...H),[Co(CN),]..4H,O 


Mercurthalides (X1III.) 

Mercurichloride {[R...H,O],Hg;Cl, ... HJHgCl, 
Mercuribromide [R...H,O .-. HjJHgBr, 
Mercuri-iodide [RB ...- H, ... H]Hgl, 


Ill. Hydrogen Salis of Unstable Acids. 


Owing to the presence of two co-ordinating foci in the salicylato- 
cobaltammine complex this salt-forming cation exhibits in a marked 
degree the property of producing hydrogen salts which is demon- 
strated in the foregoing table. 

It has been stated that “ Von der Kieselfluorwasserstoffsiure 
kennen wir nur normale Salze ” (Ephraim, “‘ Anorganische Chemie,” 
1922, p. 614). Similar statements occur in the literature regarding 
the non-existence of acid dithionates and tetrathionates (Roscoe 
and Schorlemmer, “ Inorganic Chemistry,” I, 1920, p. 460). These 
three acids, H,SiF,, H,S,0,, and H,S,0,, have, however, yielded 
definitely stable hydrogen salts with the salicylatocobaltammine. 

The explanation of this noteworthy property of the new cobalt- 
ammine lies undoubtedly in the circumstance that it contains a 
subsidiary focus of co-ordination due to oxygen. The foregoing 
tabulated stable hydrogen salts of unstable acids are in reality 
oxonium salts and ewe their permanence to the implication of the 
hydrion in the binuclear co-ordination sphere. 

Unsuccessful attempts were made to obtain the hydrogen salts of 
nitrous and thiosulphuric acids, but even oxonium salt formation 
was insufficient to ensure the permanence of the readily dehydrated 
HNO, group or the very unstable HS,0, radicle. 

The hydrogen salts of the more stable acids tabulated above have 
interesting properties, and especially the dihydrated hydrogen 
dichloride (formula XII), which on treatment with water or aqueous 
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pyridine loses half its water and chlorine-ion with precipitation of 
the less soluble normal chloride : 


[R... H]Cl,,2H,O —= [R...H,O]Cl + H,O + HCL. 


The other hydrogen salts, with the aint of the bicarbonate, 
manifest their oxonium character in a similar way by dissolving in 
water to strongly acid solutions, thus showing that the foregoing 
equation represents a general reversible chemical change. 


EXPERIMENTAL, 


I. Sparingly Soluble Salts of the Salicylatotetramminocobaltic 
Radicle. 


Salicylatotetramminocobaltic Dihydrogen Pyroantimonate, 
| (NH) CoS 88 H | iSb,0,,cH,0 (x =9 or 12) (IV). 

—The norma! salicylatotetramminocobaltic bromide (7:22 grams) was 
triturated for one hour with 20 c.c. of water and 7 grams of silver 
pyroantimonate. The solution obtained from the silver bromide 
by four extractions with successive 20 c.c. of hot water was cooled 
and treated with alcohol and acetone, when a glistening, finely 
crystalline, pink powder separated, the yield being 62 per cent. 
The air-dried product was sparingly soluble in water to a faintly acidic 
pink solution, giving no precipitate with sodium salts, but yielding 
white antimonic acid on adding acetic acid (Found : Co = 107; 
NH, = 12°3. The dodecahydrate requires Co = 10°8; NH, == 12°4 
per cent.). After drying for ten days over calcium chloride under 
reduced pressure, the weight became constant (Found : Co = 11°4; 
NH, = 13:2; Sb = 22°4. The enneahydrate requires Co = 11°3; 
NH, = 13°1; Sb = 23 per cent.). This lower hydrate lost half its 
water after seven hours at 100°. 

Salicylatotetramminocobaltic Dihydroxytartrate, 

[R ... H,O},:C,H,0,. 

—One gram of dihydroxytartaric acid, dissolved in 5 c.c. of water, 
was added slowly to 3:5 grams of the normal tetramminocarbonate 
in 11 c.c. of warm water, when the dihydroxytartrate separated in 
small, damask-red plates sparingly soluble in water to a red solution 
which gave only a slight turbidity with sodium salts. This solution 
reduced cold ammoniaca! silver nitrate and hot solutions of mercur- 
ous and mercuric chlorides; it gave no violet coloration with ferric 
chloride either with or without addition of hydrogen peroxide 
(Found: Co= 160; NH,= 18-4. The dihydrate requires Co = 
15°9; NH, = 18°3 per cent.). 

Salicylatotetramminocobaltic Mesoxalate, [R...H,0],:C,;H,0,,2H,0. 
—Violet-red, rhomboidal plates of the tetrahydrated salt separated 
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dowly on cooling when acetone-alcohol (1:1) was added to the 
fltrate from a mixture of 4°4 grams of the tetrammine chloride, and 
5 grams of silver mesoxalate in 15 c.c. of water at 40°. The 
yield of air-dried product was 86 per cent. (Found: Co = 16-2; 
NH, = 18°6. The tetrahydrate requires Co = 16:1; NH; = 18°6 
per cent.). 

Owing to its extreme solubility in water and organic solvents the 
hydrogen mesoxalate could not be isolated from the interaction of 
ilver mesoxalate and tetrammine hydrogen dichloride; only a red, 
ritreous mass was obtainable on evaporation over calcium chloride. 


n of 


Il. Hydrated Normal Salts of the Salicylatocobaltammine Series. 
Salicylatotetramminocobaltic Nitrite, 


(NH,),Co<P_ieHtsH,0 |-No, (V). 


0—CO-” 


yas # (Clusters of glistening, dark purplish-red, pointed leaflets were 
rer precipitated on adding a mixture of alcohol, acetone, and ether 
de @ to the deep red filtrate from 14:4 grams of the normal tetrammine 
ed bromide, 7 grams of silver nitrite, and 15 c.c. of water (yield 50 per 
ly @ cent.). This crystalline product was stable in air and very soluble 
it. in water to a deep red solution which gave no precipitate with 
lic @ “nitron”’ acetate, but readily diazotised aniline hydrochloride 
ng (Found : Co=17°8; NH; = 20°7; N as NO, = 4'3. The mono- 
7; hydrate requires Co = 18:0; NH, = 20°8; N as NO, = 4°3 per ccent.). 


Nitrous fumes were instantly evolved on attempting to prepare 
the hydrogen dinitrite from the tetrammino-hydrogen dichloride 
and silver nitrite; the only product isolated was the foregoing 
normal nitrite. 

Salicylatotetramminocobaltic Phosphite, 


| (NH,),Co< 3 8)"4H,0 | :HPO,,2H,0 (VI). 


—The tetrammine bicarbonate (6°5 grams) dissolved in 8 c.c. of 
5N-phosphorous acid to a blood-red solution from which alcohol 
and ether precipitated a dark red oil which crystallised slowly to a 
mass of damask-red plates (yield 51 per cent.). This salt was stable 
in air and extremely soluble in water, the deep red solution reducing 
ammoniacal silver nitrate and converting mercuric into mercurous 
chloride (Found: Co—169; NH,=199; P=44; H,O at 
100° = 49. The tetrahydrate requires Co—17'4; NH, = 20:1; 
P—4°6; 2H,O = 5°3 per cent.). The remaining water is held 
tenaciously as in the other normal salts. 
Salicylatotetramminocobaltic Pyrophosphate, 
[R...H,0O],3P,0,,14H,0. 
—The normal tetrammine chloride (8°86 grams) was triturated for 


~~ 
a 


— | = @ 
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one hour with a 50 per cent. excess of silver pyrophosphate (6:5 
grams) and 12 c.c. of water. Addition of alcohol, ether, and acetone 
to the. filtrate and washings from silver chloride produced a heavy, 
dark red oil which, after stirring for two hours, crystallised to a magg 
of damask-red, elongated, rhomboidal plates (yield 66 per cent,), 
The product, which was recrystallised from dilute alcohol, was 
somewhat sparingly soluble in water, its aqueous solution giving 
with silver nitrate a white precipitate of silver pyrophosphate 
(Found: Co=153; NH, =176; P=40; H,O at 98° = 161, 
The octodecahydrate requires Co=15'2; NH; = 17:6; P= 4+, 
14 H,O = 163 percent.). The remaining four molecular proportions 
of water are held tenaciously. 

Ferric pyrophosphate dissolved in a solution of the foregoing 
pyrophosphate in proportions corresponding with the double 
salt Na,Fe,(P,0,)3,7H,O (Oliveri-Mandala, Gazzetta, 1921, 51, i, 
130), but no crystalline cobaltammine analogue of this sodium salt 
could be isolated, only a red vitreous mass being obtained on 
evaporation. 

Salicylatotetramminocobaltic Thiosulphate, 

| (NH, ),Co<P 19) 14H,0 | :8,0,,2H,0 (VII). 

—The filtrate from the trituration of 1°6 grams of barium thio- 
sulphate monohydrate and 4:2 grams of tetrammine sulphate in 
10 c.c. of warm water was cooled on ice, when a silky, dark red 
precipitate separated (yield 75 per cent.), which was recrystallised 
from hot dilute alcohol in violet-red, rhomboidal plates moderately 
soluble in water to a dark red solution, from which acids liberated 
sulphur and sulphur dioxide (Found: Co=166; NH, = 193; 
8,0, = 155; H,O at 100°=51. The tetrahydrate requires 
Co = 166; NH, = 19:2; 8,0, = 15°38; 2H,O = 5:1 per cent.). 

Salicylatotetramminocobaltic Dithionate, [R . . .H,0],:S,0,,2H,O0.— 
Seven grams of tetrammine sulphate and 3°35 grams of dihydrated 
barium dithionate were mixed in hot aqueous solution (90 c.c.); 
the filtrate on cooling deposited large, sparingly soluble, brilliant 
violet, rhomboidal plates (yield 74 per cent.) (Found : Co = 1577; 
NH, = 178; H,O at 100°=4°8. The tetrahydrate requires 
Co= 156; NH, = 17°9; 2H,O = 4:7 per cent.). 

In the two foregoing salts the tenaciously held water is pre- 
sumably associated with the cobaltammine cation. 

Salicylatotetramminocobaltic Tetrathionate, [R . .. H,0},:S,0,— 
The tetrammine bicarbonate (81 grams) dissolved in 35 c.c. of 
0°75N-tetrathionic acid to a dark red solution from which violet- 
red, elongated, rhomboidal plates separated in 57 per cent. yield on 
adding a few c.c. of acetone; the product is moderately soluble in 
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cold water (Found: Co=148; NH,=17:3; S=161. The 
dihydrate requires Co = 15:0; NH, = 17°3; S = 16:3 per cent.). 
Salicylatotetramminocobaltic Cobalticyanide, 
[R .. . H,O],?[Co(CN),],1-5H,0. 
—The tetrammine bicarbonate (4°81 grams) was dissolved in 8°3 c.c. 
of 1'8N-cobalticyanic acid; the solution was treated with alcohol, 
acetone, and ether until a heavy, brown oil separated; this, after 
prolonged rubbing, crystallised to a purplish-red mass which was 
recrystallised from warm water (yield 40 per cent.). This product 
consisted of clusters of violet-red, glistening plates often of acicular 
habit and extremely soluble in water [Found : Co = 22:0; NH, = 
188; H,O =2°5. The hydrated salt (44H,O) requires Co = 
21:7; NH, ='18°8; 14H,O = 2:5 per cent.]. 
Salicylatotetramminocobaltic Diamminocobaltinitrite, 
[R ... H,O)-[(NH,),Co(NO,),]H,0. 
—The tetrammine bromide (3°85 grams) and 3°6 grams of silver 


* diamminocobaltinitrite (from Erdmann’s salt) were triturated in 
15 c.c. of water. The reddish-brown filtrate from silver bromide 
deposited slowly golden-brown, rhomboidal plates, yellow by 
transmitted light (yield 45 per cent.). The product was moderately 

' soluble to a reddish-brown solution from which mercurous nitrate 

- precipitated yellow prisms of mercurous diamminocobaltinitrite 

™ § (Found: Co = 20-4; NH,=17:7; N as NO,=9°6. The di- 

“ hydrate requires Co=20°5; NH,;=17'7; N as NO, = 9°7 per 
cent.). 

ly Salicylatotetramminocobaltic chloroplatinate, 

[R... H,0},1[Pt01,],2H,0. 


—The tetrammine bicarbonate was dissolved in an equivalent 
amount of N/20-chloroplatinic acid, when tufts of small, reddish- 
brown needles separated, changing subsequently to clusters of 
elongated, six-sided plates (yield 70 per cent.) (Found: Co=11°9; 
Pt= 19:4; H,O at 100° = 3°5. The tetrahydrate requires Co = 
11:7; Pt=194; 2H,O=3°6 per cent.). The product was 
moderately soluble to a red solution from which dilute hydrochloric 
acid precipitated the brown acidic or hydrogen chloroplatinate (XV). 


III. Hydrogen Salts of the Salicylatocobaltammine Series. 
Salicylatotetramminocobaltic Hydrogen Oxalate, 


| (NH,),Co<O 84 H |:C,0, (VIII). 


O—CO° 
—The salicylatocobaltammine bicarbonate (4°86 grams) was 
dissolved in 15 c.c. of hot water containing 1‘9 grams of crystallised 
oxalic acid; an alcohol—acetone—ether mixture was added until the 
pink precipitate remained which rapidly became crystalline. The 
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liquid was warmed to redissolve this product, acetone was added, 
and the solution cooled on ice. The sparingly soluble hydrogen 
oxalate separated in clusters of bright scarlet plates, the yield 
being 57 per cent. (Found : Co = 16°6; NH, = 19:2; C,O, = 2511, 
The anhydrous salt requires Co = 16°8; NH, = 19°3; C,0, = 254 
per cent.). 

Sal ere Hydrogen Phosphite, 


| (NH,),Co< bg 4H |HPO,2H,0 (IX). 


—The bicarbonate (3°24 grams) dissolved to a blood-red solution in 
8 c.c. of 5N-phosphorous acid (1°64 grams H,PO,) from which 
alcohol and ether precipitated a dark red oil which slowly became 
crystalline (yield 47 per cent.). The product consisted of irregular, 
dark red plates, extremely soluble in water to a red solution which 
was acid to phenolphthalein but not to methyl-orange or bromo. 
phenol-blue. The solution reduced ammoniacal silver nitrate and 
converted mercuric into mercurous chloride (Found : Co = 15:7; 
NH,=178; P=82. The dihydrate requires Co = 155; 
NH, = 17°9; P = 8:2 per cent.). 
Salicylatotetramminocobaltic Dihydrogen Phosphate, 


: O—O,H, ,, |. 
(NH,),Co< nll H |:HPO, (X). 


—Excess of the bicarbonate (14°58 grams) was dissolved in 3°75 c.c. 
of 24N-phosphoric acid (2°94 grams H,PO,) and 25 c.c. of water and 
warmed to about 60°. Carbon dioxide was evolved and, on cooling, 
the dark red solution deposited glistening, pink, elongated, 
rhomboidal plates and flattened needles, the yield being 93 per 
cent. (Found : Co = 16:2; NH, = 18°38; P= 8:5. The anhydrous 
salt requires Co= 16:4; NH, = 18:9; P= 86 per cent.). The 
dihydrogen phosphate was only moderately soluble in water to a 
red solution which was neutral to methyl-orange and acid to litmus. 
Salicylatotetramminocobaltic Dihydrogen Pyrophosphate, 
(NH,),Co<P foe H | #P,0,,4H,0 (XI). 
—When 5°83 grams of bicarbonate were dissolved in 15 c.c. of 
pyrophosphoric acid solution (from 6-0 grams of silver pyrophosphate 
and 1°46 grams of hydrogen chloride in 14 c.c. of water), the normal 
pyrophosphate first crystallised out and then redissolved to a blood- 
red solution from which alcohol-acetone precipitated a heavy, 
brownish-red oil. This product was stirred with 50 c.c. of alcohol 
for three hours, when crystallisation set in. The dihydrogen pyro- 
phosphate was then obtained in pale rose pink, irregular plates, 
dissolving readily in water to a bright red, strongly acid solution 
from which silver nitrate precipitated white silver pyrophosphate 
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added, # found: Co= 156; NH, = 17-7; P= 82; H,O at 100° = 86. 
drogen the tetrahydrate requires Co=—153; NH,;=176; P=80; 
© Yield #i,0 = 9°3 per cent.). 
= 25:1. 8 Salicylatotetramminocobaltic Hydrogen Bismuthoiodide, 
= 25 [R... H)]:[Bil;,H,O]. 

_The carbonate (1°6 grams) dissolved in 2°5 c.c. of colourless 
\V-hydriodic acid (= 1:28 grams HI) and the solution was treated 
sith 15 c.c. of aqueous potassium iodide containing 7°55 grams of 
potassium bismuthoiodide and 1 c.c. of hydriodic acid. A flocculent, 
wange precipitate separated which became brown and granular 
ind then changed suddenly to glistening, chocolate-brown needles 


ion in 


Which 


came Myhich were washed successively with a hydriodic acid solution of 
gular, MM wtassium iodide and light petroleum (yield 90-per cent.) (Found : 
vhich HH (o = 5°2; NH,=60; Bi=188; H,O=15. The mono- 


omo- Miydrated bismuthoiodide requires Co=5'2; NH,;=60; Bi= 


and #15; H,O = 1°6 per cent.). 

57; The brown, elongated, six-sided plates, which were brownish-red 
55; Bi wy transmitted light, were decomposed by water to an orange acid 
olution and a brown precipitate of bismuth iodide, changing on 

dilution to yellow bismuth oxyiodide. 

Salicylatotetramminocobaltic Hydrogen Sulphate, 
[R... H][SO,,2H,0]. 

¢.c. 7 —The cobaltammine bicarbonate (32°4 grams), when dissolved in 
and Mf ic.c. of water and 4°9 grams of concentrated sulphuric acid, yielded 
ng, @purple-red, crystalline precipitate of the normal sulphate. This 
ed, @ salt redissolved on the further addition of 4:9 grams of concentrated 
ber Mi sulphuric acid and crystallisation of the hydrogen sulphate was 
us HM promoted by introducing a few drops of alcohol (yield 50 per cent.). 
he @@ The product, which consisted of bright brick-red, micaceous plates, 
a i pink by transmitted light, was stable in air, losing water very slowly 


at 100° (Found: Co=14:9; NH,=17:0; SO, = 243. The 
dihydrate requires Co=—149; NH,=17:2; SO,= 242 per 
cent.). 

The hydrogen sulphite dissolved in water to a bright red, strongly 
acid solution turning to violet-red on adding alkalis. 

Salicylatotetramminocobaltic Hydrogen Dithionate, 

[R... H]-[S,0,,H,0]. 

—The cobaltammine bicarbonate (3°24 grams) dissolved in 12°5 ¢.c. 
of 0'8N-dithionic acid (= 0°81 grams H,S,0,) to a purple-red 
liquid which set immediately to a violet-red paste of the normal 
dithionate. This precipitate dissolved to a bright red solution on 
a further addition of 12°5 c.c. of 0°8N-dithionic acid. The hydrogen 
dithionate separated in bright red plates on adding alcohol, the 
yield being 88 per cent. (Found : Co = 13°4; NH, = 15°4;8 = 14°3. 


1106 MORGAN AND SMITH: RESEARCHES ON 


The monohydrate requires Co=13°4; NH,=154; S = 145 
per cent,.). 

This hydrogen dithionate was obtained from water in glistening, 
red, elongated, rectangular plates and from hot dilute alcohol jy 
bronzy-violet prisms, blood-red by transmitted light. Approxi- 
mately one-twelfth of the water of hydration was removed after 
four hours at 100°. 

Salicylatotetramminocobaltie Hydrogen Tetrathionate, 

; [R... H}-[8,0,]. 
—The cobaltammine bicarbonate (4°86 grams) dissolved in 21 c.¢, 
of 0°75N-tetrathionic acid (=1°6 grams H,S,0,) to a dark red 
solution from which bright red plates separated on a further addition 
of 21 c.c. of the tetrathionic acid solution (yield 85 per cent.) 
(Found: Co=121; NH;=140; S = 265. The anhydrous 
salt requires Co = 1271; NH, = 13°9; S = 26:2 per cent.). 

This hydrogen tetrathionate consisted of brilliant red, elongated, 
rhomboidal, and six-sided plates sparingly soluble in water to 
a bright red, strongly acid solution, becoming violet-red with 
alkalis. 

Salicylatotetramminocobaltic Hydrogen Dichloride, 

| (NH) Co<O “1 eHeH |:c1,,2H,0 (XII). 
—A thin, purple paste, formed on adding 9°72 grams of the cobalt- 
ammine bicarbonate to 15 c.c. of 2N-hydrochloric acid, redissolved 
to an intensely red solution on introducing another equal proportion 
of acid. From this solution nothing could be precipitated by 
concentrated hydrochloric acid or by alcohol or acetone, but on 
adding a mixture of one volume of alcohol, three volumes of dry 
acetone, and two of dry ether, a heavy, brown oil resembling 
bromine separated which on stirring suddenly became crystalline; 


the highly deliquescent product was washed with acetone—ether and 9. 
dried over calcium chloride (yield 43 per cent.) (Found: Co=160; 9° 


NH, = 182; Cl=190; H,O at 100°=9°7. The dihydrate 
requires Co=15'9; NH,= 183; Cl=191; 2H,O = 9°7 per | 
cent.). This hydrogen dichloride consisted of bright red, rhom- 
boidal plates deliquescing in air to a red liquid which then solidified 
to a mass of the purplish-red plates of the normal chloride. The 
normal salt was also obtained by adding pyridine to the concentrated, 
bright red, strongly acid, aqueous solution of the hydrogen dichloride. 
This red aqueous solution was rendered purple by alkali and also 
by progressive dilution, the normal chloride separating in charac- 
teristic purplish-red, flattened needles. The hydrogen dichloride 
dissolved in alcohol and was reprecipitated therefrom by acetone or 
ether. 
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Salicylatotetramminocobaltic Hydrogen Dibromide, 
[R ...H):Br,,H,O. 

—To the blood-red solution of 10°8 grams of the normal bromide in 
T¢.c. of water and 4°5 c.c. of 60 per cent. hydrobromic acid (= 2°7 

ms HBr) were added equal volumes of acetone and ether, when 
bight red plates separated, which were washed with ether (yield = 
78 per cent.) (Found: Co=13:2; NH; = 15:3; Br = 35°8; H,O 
at 75° = 4:2. The monohydrate requires Co = 13°4; NH, = 15°4; 
br = 36:2; H,O = 4:1 per cent.). 

The hydrogen dibromide separated in dark red, rhomboidal plates 


m4 bight red by transmitted light. It dissolved very readily in 


yater to a blood red, strongly acid solution from which hydrogen 
omide in ether slowly deposited the unchanged dibromide, whereas 
yridine precipitated the normal bromide in purple-red, six-sided 
plates. 

Salicylatotetramminocobaltic Hydrogen Mercurihalides, 


| (NH,),Co< 188 H-|=[HeX,] (XIII) (X = Cl, Br, or J). 


—These three complex salts were found to be anhydrous. 

(i) Hydrogen mercurichloride was formed as a brownish-red paste 
which rapidly darkened and became crystalline on adding 4 grams 
of mercuric chloride, dissolved in 3 c.c. of 10N-hydrochlorie acid, 
to 56 grams of the hydrogen dichloride in 5 c.c. of water and 20 c.c. 
of 2N-hydrochloric acid. The product was recrystallised from hot 
Y-hydrochloric acid, when dark red, rhomboidal plates crystallised 
out on cooling (yield 75 per cent.) (Found : Co=9°7; NH, = 11:2; 
Hg = 32°8. The anhydrous hydrogen mercurichloride requires 
Co= 97; NH, = 11:2; Hg = 33:1 per cent.). This complex salt 
was moderately soluble in water to a red, strongly acid solution. 

(ii) Hydrogen Mercuribromide.—On triturating 3:6 grams of 
mercuric bromide with 3°61 grams of the cobaltammine bromide and 
%c.c. of warm N-hydrobromic acid the mercuric bromide dissolved 
ad a dark red, crystalline powder then separated. This product 
was recrystallised in brownish-red, six-sided plates from hot N- 
hydrobromic acid and washed with ether (yield 72 per cent.) (Found : 
O=76; NH,=88; Hg = 25-4. The anhydrous hydrogen 
mercuribromide requires Co=7'5; NH, = 87; Hg = 25°6 per 
ent.). This complex salt was sparingly soluble in water (1 in 50) 
to a strongly acid solution turned purple by alkalis. 

(iii) Hydrogen Mercuri-iodide.—Cobaltammine bicarbonate (1°95 
grams) was dissolved in 3 c.c. of colourless 4N-hydriodic acid and the 
deep red solution added to 2°72 grams of mercuric iodide in 3-c.c. 
of the hydriodic acid. The mercuric iodide dissolved and a 
thocolate-brown, crystalline powder separated; the latter, when 
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recrystallised from hot N-hydriodic acid, furnished brilliant purple. 
black, six-sided plates brownish-red by transmitted light (yield 
84 per cent.) (Found: Co=62; NH, =69; Hg = 20°6. The 
anhydrous hydrogen mercuri-iodide requires Co = 6:1; NH, = 7°; 
Hg = 20°6 per cent.). 

This salt is only very sparingly soluble in water (1 in 100) to 
a strongly acid, red solution. The acidic red solutions of the three 
mercurihalides are rendered purple by alkalis and yield white 
precipitates with sodium hydroxide or 5N-ammonia. 

Salicylatotetramminocobaltic Hydrogen Cobalticyanide, 

| (NH,),Co<P Feta H | [Co(CN)gletH0 (XIV). 

—The cobaltammine bicarbonate (4°61 grams) dissolved to a red 
solution in 16°8 c.c. of 1:8N-cobalticyanic acid (= 2°18 grams 
H,CoCy,) and after three weeks the dark red needies which had 
separated were recrystallised from 3 c.c. of cobalticyanic acid 
and 5 c.c. of hot water, when a yield of 71 per cent. was obtained 
(Found : Co = 22°6; NH, = 15°6; H,O at 97° = 5°8. The tetra- 
hydrate requires Co = 22°83; NH, = 15°8; 4H,O = 5°6 per cent.). 

The hydrogen cobalticyanide consisting of glistening, rose-pink, 
rhomboidal plates dissolved readily in water to a red, strongly acid 
solution. 

Salicylatotetramminocobaltic Hydrogen Chloroplatinate, 


| (NH),Co<D 8M H [:[PtCl,],H,0 (XV). 


—A brown, crystalline precipitate (yield 73 per cent.) separated on 
dissolving 0°324 gram of cobaltammine bicarbonate in 20 c.c. of 
M /20-chloroplatinic acid (= 0°195 gram Pt), the supernatant liquid 
becoming almost colourless (Found: Co=8°6; Pt = 28:3; H,0 
at 97° = 2°5. The hydrated hydrogen chloroplatinate requires 
Co = 86; Pt = 28:3; H,O = 2°6 per cent.). 

The brownish-red, glistening, square tablets of this hydrogen salt, 
which were yellow by transmitted light, were almost insoluble in 
cold water, dissolving somewhat more readily in hot 2N-hydrochloric 
acid to a bluish-red solution and separating on cooling in brown 
crystals. This salt did not evolve hydrogen chloride with cold 
concentrated sulphuric acid. 


The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have helped to defray the expense of this investiga- 
tion. 

UNIVERSITY OF BIRMINGHAM, 

EDGBASTON. [Received, April 19th, 1923.] 
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OXXIV.—Studies on Thallium Compounds. Part II. 
The Reduction of Thallic Compounds with Ferrous 
Sulphate and with Sodium Arsenite. 


By ARTHUR JOHN BERRY. 


Ina previous paper (T., 1922, 121, 394), it was shown that thallic 
compounds could be reduced quantitatively with ferrous sulphate 
and with sodium arsenite. It was pointed out (loc, cit., p. 399) 
that volumetric methods of analysis founded on these two reactions 
yielded results in essential agreement among themselves, but 
appreciably lower than those obtained by the gravimetric method 
of weighing as thallous iodide. It was considered desirable to 
investigate these reactions more fully, and the results obtained 
are summarised in the present communication. 


Velocity of the Reaction T1,(SO,4)s + 4FeSO, = T1,SO, + 2Fe,(SO,)s. 

The velocity experiments were carried out at 0° in the following 
manner. The measured quantities of ferrous sulphate and thallic 
sulphate solutions, both containing much free sulphuric acid, 
having been cooled to 0°, were mixed in a beaker immersed in a 
large vessel containing ice and water. The contents of the beaker, 
and also the ice and water, were stirred mechanically. In every 
experiment, the ferrous and thallic salts were taken in equivalent 
proportions, but the actual concentrations were varied in separate 
experiments. Definite volumes of the solution were withdrawn 
at regular intervals of time into flasks containing a little crushed 
ice, and immediately titrated with potassium dichromate. 

A number of experiments were performed of which three are 
selected for comparison. The volume of the reaction mixture was 
in every case 500 c.c., but the concentrations varied from N/140 
to N/35. The volume of liquid withdrawn for titration was either 
50, 70, or 100 c.c., depending on the concentration. The solution 
of potassium dichromate was of N/20 strength; v = volume of it 
required to titrate the 500 c.c. 


1, Concentration N/140. 2. Concentration N/70. 3. Concentration N/35. 


Time (mins.). v. Time (mins.). v. Time (mins.). v. 
0 70* 0 140* 0 280* 

10 56 10 100 15 175 
30 45 30 79-5 35 129 
50 42-5 50 72 55 107 
70 37-5 70 67 75 91 
90 35 90 61 95 Ts 

120 69 

150 60 


* Calculated quantities. 
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If velocity coefficients are calculated from these figures, the results 
will indicate a reaction of the second order. The coefficients are, 
however, somewhat irregular, particularly in the experiments at 
the lower concentrations. On the other hand, if we determine the 
order of the reaction from the time required for half of the original 
mixture to undergo transformation according to the equation 


n=1 + log}? log 
2 1 


(van’t Hoff, “‘ Studies in Chemical Dynamics,” translated by Ewan, 
p- 103), where n is the order of the reaction, c, and c, are the different 
initial concentrations, and ¢, and f, are the corresponding times 
required for half of the original mixture to undergo transformation, 
we shall obtain the following results : 


from (1) and (2), n=1-+ log pe flog 2 = 1°71; 
55 
from (2) and (3), n=1 + log 5 flog 2 = 2°14; 


from (1) and (3), »=1+ log 90 flog 4 = 1:93; 


which shows clearly that the reaction is of the second order. 

This reaction is evidently similar to the reduction of ferric chloride 
by stannous chloride investigated by Noyes (Z. physikal. Chem., 
1895, 16, 546), who found that the latter reaction was of the second 
order in presence of sufficient hydrochloric acid, although it was of 
the third order when the solution was as free from acid as possible. 

When the residual liquid from a velocity experiment was heated 
to boiling and cooled, it was found that the reaction had proceeded 
to completion. It is obvious, therefore, that if, as in analytical 
work, excess of ferrous sulphate is used, the method should be 
capable of giving a true measure of the amount of thallic salt in 
solution. 

The Sodium Arsenite Method—The method of analysis with 
sodium arsenite described in the previous paper (loc. cit., p. 398) 
was modified to obviate the necessity of removing the reduced 
thallium as iodide before estimating the excess of sodium arsenite. 
In the experiments to be described, the excess of sodium arsenite 
was titrated with a solution of sodium hypochlorite. It was found 
that a solution of sodium hypochlorite could be standardised by 
titrating a hot solution of sodium arsenite containing a little thallous 
sulphate, the end-point observed being the appearance of a brown 
colour due to incipient precipitation of thallic oxide at the moment 
when the arsenic solution was completely oxidised. The results 
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obtained in this manner were identical with those obtained by 
titrating the sodium arsenite in the cold, and determining the end- 
pint in the usual manner with starch—potassium iodide paper. 
Thallic oxide, dried at the ordinary temperature by exposure over 
encentrated sulphuric acid in a vacuum desiccator, can be dis- 
glved in sodium arsenite solution of about N/10-strength after 
heating for some time, complete reduction taking place. The excess 
of sodium arsenite is then estimated by titration with sodium 
hypochlorite. 

The probable error of experiment in volumetric estimations by 
these two methods would be of the order of one-half of 1 per cent., 
and in any case would not exceed 1 per cent. The cause of the low 
results is therefore to be sought in the thallic oxide, and accordingly 
various methods of preparation were examined. 

Analyses of Thallic Oxide Prepared by Various Methods.—(1) Oxid- 
aion of thallous sulphate by potassium ferricyanide in alkaline 
solution. 'This method has been described in the previous paper. 


Gram of T1,0, taken ..........+. 0-312 0-357 0-217 0:5575 
Gram of T1,0, found .........+++ 0-306 0-3505 0-213 0-548 
TIO oon ccccsidcciscesscocscccssosers FeSO, As,03 As,03 As,03 


The percentage of thallium from these experiments is 87°9. The 
calculated value for T1,0, is 89°5 per cent. 

(2) Hydrolysis of thallic sulphate. The very great extent to which 
solutions of thallic sulphate are hydrolysed suggested the possibility 


oride 
hem., 


cond § of purifying the oxide by dissolving it in dilute sulphuric acid, and 
as of § diluting the resulting solution largely with water to reprecipitate 
ible, § the oxide. These experiments were carried out in the following 
ated manner. 
ded Two hundred and fifty ¢c.c. of a 1 per cent. solution of thallic 
ical @ oxide in dilute sulphuric acid were thoroughly shaken with ten 
| be @ times the volume of water. The oxide was precipitated as a brown 
tin § powder. The bulk of the clear liquid was then removed with the 
aid of a syphon, and the precipitate thoroughly washed till every 
vith @ trace of sulphuric acid was removed. The wet oxide was then 
98) | removed, without filtering, into a dish, and dried by exposure over 
ced § concentrated sulphuric acid in a vacuum desiccator. 
ite. Gram of T1,O, taken ... 0-311 0-313 0-308 0-408 03115 0-3385 
ite Gram of 'T1,0; found ... 0-299 0-302 0-298 0-389 0-300 0-323 
ail SS ree FeSO, FeSO, As,O, As,0; <As,O3; As,O, 
by From these values the percentage of thallium is found to be 
us 85°9. 
vn (3) Oxidation of thallous chloride to thallic chloride and precipitation 
nt of the oxide. 'Thallous chloride was suspended in water, and 


saturated with washed chlorine until a clear solution of thallic 
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chloride was obtained. Excess of sodium carbonate solution was 
added to precipitate the thallic oxide, which was then carefully 
washed and dried as usual. 


Gram of T1,0, taken ............ 0-4015 0-3665 0-3765 0-4195 
Gram of T1,0; found ............ 0-391 0-357 0-371 0-412 
NIE «cc cadaccccnancssoeneeceseunoas FeSO, FeSO, As,O; As,0, 


The percentage of thallium is thus found to be 87°6. 

(4) Oxidation of thallous sulphate by hydrogen peroxide in alkaline 
solution. Thallium was dissolved in sulphuric acid, and the solution 
after dilution with water saturated with hydrogen sulphide. The 
object of this treatment was to remove traces of lead. A very 
insignificant precipitate was obtained, which as regards appearance 
indicated a trace of selenium. This precipitate was removed, and 
the resulting solution evaporated to small bulk to remove most of 
the free sulphuric acid. Thallic oxide was then precipitated by 
adding excess of sodium hydroxide and hydrogen peroxide as 
described by Rabe (Z. anorg. Chem., 1906, 48, 427), and after 
thorough washing, dried as in the other experiments. 


Gram of T1,0, taken ............ 0-307 0-296 
Gram of T1,0, found ............ 0-290 0-279 
FE -sicssccnncsccssevccestonsomnes As,O; As,O; 


The percentage of thallium is thus 84°4. 

Further experiments were made in which thallium was converted 
into thallous sulphate, and freed from traces of lead and selenium 
by hydrogen sulphide as already described, and then converted 
into thallic oxide by oxidation with alkaline potassium ferricyanide, 
but low results were again obtained when the oxide was analysed 
by these volumetric methods. Whatever method of preparation 
was employed, the percentage of thallium, as determined by measure- 
ment of the available oxygen, was always lower than the calculated 
value, the difference varying from 2 to 6 per cent. 

To what cause is the deficit due? The results would be readily 
intelligible if the thallic oxide preparations contain small quantities 
of thallous impurity. Experiments were therefore made to test 
the various preparations for small quantities of thallous material; 
and it was found that all the preparations, when dissolved in hydro- 
chloric acid,* reacted with dilute potassium permanganate (N/100), 
the amount of permanganate required corresponding approximately 
to the deficit of thallic oxide observed. 

(a) Thallic oxide prepared from the chloride (found 87°6 per cent. T]). 
04905 Gram of T1,0,, dissolved in hydrochloric acid, required 
5 e.c. of N/100-KMn0O,. 


* These solutions were slightly turbid in consequence of the presence of the 
small quantity of thallous chloride. 
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(b) Thallic oxide prepared by Rabe’s method (found 844 per cent. Tl). 
9498 Gram of T1,0,, dissolved in hydrochloric acid, required 14 c.c. 
of N/100-KMnO,. 

The difference between the estimated and the calculated per- 
centage of thallium (89-5) is 1‘9 in the former case and 5:1 in the 
latter, and the permanganate titrations for similar weights of oxide 
are approximately in the same ratio. The experiments were 
performed under similar conditions as regards quantity and con- 
centration of acid, and blank experiments were made to determine 
the volume of permanganate decolorised by the hydrochloric acid 
in the absence of the thallic oxide. In view of the uncertainties 
connected with determinations with potassium permanganate in 
presence of hydrochloric acid, exact agreement is not to be expected ; 
but it seems legitimate to conclude from these experiments that 
thallic oxide prepared in various ways contains small quantities 
of thallous material, the amount varying with the conditions of 
precipitation. The thallous compound is evidently adsorbed or 
held in solid solution, and cannot be removed by.washing. 

Solutions of thallic sulphate containing free sulphuric acid are 
remarkably stable, no loss of available oxygen, as determined by 
these volumetric methods, being observable over long periods. 
One example may suffice. A solution containing 9°86 grams of 
Tl,0, per litre as determined by ferrous sulphate and potassium 
dichromate, or 10°1 grams of T1,0, as determined gravimetrically 
as thallous iodide, was found to be unaltered in strength as deter- 
mined by measurement of the available oxygen eight months later. 
When this solution was titrated with NV /100-potassium permanganate 
in presence of hydrochloric acid, and the result taken in conjunction 
with the determination with ferrous sulphate and potassium di- 
chromate, the total thallium calculated as T],0, was found to be 
10'2 grams per litre. 

Rabe, who has devoted much attention to the brown and black 
modifications of thallic oxide, has found (Z. anorg. Chem., 1907, 
55, 130) that when dried in a vacuum desiccator containing phos- 
phoric oxide, both varieties still contain very small quantities of 
water. The quantity of water was found to be of the order of 0°7 
per cent. in the case of the brown oxide, and 02 per cent. in the 
case of the black oxide. Rabe has claimed (loc. cit.), but solely 
on the evidence of gravimetric analysis, that no loss of oxygen 
takes place when either variety is heated at 500°, and that it is 
necessary to heat thallic oxide to this temperature to obtain it in 
a perfectly anhydrous condition. When the brown oxide is heated, 
it is changed into the black variety. 

The author has determined the available oxygen in thallic oxide 
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previously heated at 500°. The ferrous sulphate method alone was 
used, because after heating to this temperature the oxide dissolves 
in sodium arsenite with such extreme slowness as to render that 
method impracticable. The heating of both specimens of oxide 
was carried out in a platinum boat, placed inside a silica tube ing 
horizontal electric furnace. 
The following results were obtained : 
Thallic oxide (black) Thallic oxide (brown) 


prepared by oxidation prepared by hydroly- 
with alkaline potassium sis of the sulphate, 


ferricyanide. 
Gram of T1,0, taken ...... 0-321 0-2025 0-4255 0-4385 
Gram of T1,0, found ...... 0-316 0-198 0-399 0-410 
Percentage of thallium...... 87-9 83°8 


The black oxide is therefore quite stable at 500°. On the other 
hand, the brown oxide prepared by hydrolysis of the sulphate has 
suffered an appreciable loss of oxygen, the percentage of thallium 
as measured by the available oxygen falling from 85-9 to 83:8 per 
cent. This result was not unexpected in view of the greater 
reactivity of the brown oxide. Whether these varieties are truly 
polymorphic or differ merely as regards degree of aggregation is at 
present unknown. 


The author desires to renew his cordial thanks to Sir William 
Pope and Mr. Heycock for their unfailing interest in this 
investigation. 


CHEMICAL LABORATORY (GOLDSMITHS’ METALLURGICAL DEPARTMENT), 
UNIVERSITY OF CAMBRIDGE. [Received, March 13th, 1923.] 


CXXV.—Preparation of Hydrazine by Raschig’s 
Method. 


By ReciInaLD ARTHUR JOYNER. 


HYDRAZINE was first prepared by Curtius and Jay in 1889, but 
it was not until the method of preparing it from sodium hypo- 
chlorite and ammonia was devised by Raschig (Ber., 1907, 40, 
4588) that the technical manufacture could be attempted. 
Raschig found that in the interaction of ammonia and sodium 
hypochlorite chloroamine is formed quantitatively, which reacts 
with more ammonia to give hydrazine : 
1, NaOCl + NH, = NH,Cl + NaOH. 
2. NH,Cl + NH, = N,H,,HCI. 
Hydrazine hydrate is, of course, formed in presence of the 
caustic soda. 
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Raschig found that the second reaction only takes place to any 
considerable extent when a very large amount of ammonia is 
present, and also glue or some such substance, when a yield up to 
60 or 70 per cent. may be obtained. 

Another reaction which takes place, giving rise to nitrogen, is 
represented by Raschig by equation (3), but in view of the reducing 

3. 3NH,Cl + 2NH, = N, + 3NH,(Cl. 

4, 2NH,Cl + NH, = 2NH,Cl + Nj. 
properties of hydrazine, it more probably occurs in accordance 
with equation (4). 

The following experiments were made to ascertain the effect 
on the yield of hydrazine of varying the concentrations of ammonia, 
sodium hypochlorite, and glue, and of replacing the last by other 
substances. The concentration of hydrazine throughout was 
determined by titrating the solution with N/10-iodine solution in 
presence of sodium bicarbonate, NH, + 41 = N,+4HI, the 
ammonia having been approximately neutralised with acid. 


EXPERIMENTAL. 


Connexion between the Yield of Hydrazine and the Molecular Ratio 
of Ammonia to Sodium Hypochlorite. 

Mixtures of 10 c.c. of 3°95N-sodium hypochlorite, 1 c.c. of a 
10 per cent. solution of glue, and varying volumes of 7°95N- 
ammonia were diluted with water to 100 c.c., heated at 80—90°, 
cooled, and the quantity of hydrazine estimated. The results 
are given in Table 1, where a = percentage yield of hydrazine 
calculated on the quantity of sodium hypochlorite, and b = mole- 
cular ratio of ammonia to sodium hypochlorite. 


TABLE I. 


The solution contained 0°10 gram of glue and 0°0197 mol. of sodium 
hypochlorite in 100 c.c. of the mixture. 


Mols. of NH;. a. b. (Log b—0-200)/a. 
0-0397 5:7 2-02 (1-85) 
0-0556 11-0 2-83 2-29 
0-0795 18 4-04 2-26 
0-1193 26 6-06 2-23 
0-1590  - 32 8-08 2-21 
0-1989 37°5 10-1 2-13 
0-3975 52 20-2 2-13 
0-7155 63 36-4 2-16 
1-510 * 75 76-8 2-25 


* In this experiment the volume was made up to 200 c.c., using 2 c.c. of 
the glue solution. 

The results are given in Fig. 1. The graph approximates to 
a logarithmic curve and the expression (log 6 — 0°200)/a is constant 
for values of b between 2°8 and 77. 
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Effect of the Concentration of the Gelatin on the Yield of 
Hydrazine. 

For these experiments it was found necessary to use very pure 
ammonia solution in order to obtain consistent results; some 
ammonias, without any gelatin, gave yields up to 10 or 15 per cent, 
of hydrazine, whilst others gave only 1 to 2 per cent. 
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10 30 50 70 90 
Molecular ratio of ammonia to sodium hypochlorite. 


In carrying out these experiments, fixed amounts of ammonia 
and of sodium hypochlorite were heated with varying amounts of 
gelatin and the yield of hydrazine was estimated. The results 
are given in Tables II, III, and IV, and graphically in Fig. 2. 


TABLE IT. TABLE III. TABLE LV. 


0°400 Mol. of NH, and 0-080 Mol. of NH,and 0400 Mol. of NH, 

0°0100 mol. of NaOCl 0°0200 mol. of NaOCl and 0°050 mol. of 

in 110 ec.c. of the in 110 cc. of the NaOClin110c.c. of 
solution. solution. the solution. 


Mg. of Percentage Mg. of Percentage Mg. of Percentage 
gelatin yield of gelatin yield of gelatin yield of 
added. hydrazine. added. hydrazine. added. hydrazine 
2-0 , 3°95 
8-8 , . : 9-9 
18-2 : . 16-9 
25:4 “{ . | 24 
30-8 { . . 26-6 
39-0 50-¢ . . 30-5 
48-3 . . 30: 34-4 
51-0 
51-0 
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It is evident from the curves that the yield of hydrazine is 
almost directly proportional to the concentration of the gelatin 
at low concentrations, but the relative activity of the latter 
rapidly diminishes with increasing concentration. The reaction 
is very sensitive to small amounts of gelatin, and it is probable 
that 1 x 10° gram of gelatin or similar substance could be detected 
ina volume of 10 c.c. 
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10 «16 «(22 
Percentage yield of hydrazine. 


The Partition of Chloroamine between Ether and Various Aqueous 
Solutions. 

One of the possible explanations of the action of glue is that 
it forms an additive compound with chloroamine which reacts 
with ammonia to give hydrazine. In order to find whether any 
such compound was formed in considerable amount, experiments 
were carried out on the partition of chloroamine between ether 
and various aqueous solutions. A solution of chloroamine made 
by adding ammonia to sodium hypochlorite was extracted with 
ether, the ethereal extract being kept in ice. This precaution 
was unnecessary, as it was found that ether—chloroamine solutions 
were very stable. The chloroamine in the ether or in the water 
was readily estimated by means of the iodine it liberated from 
acidified potassium iodide solution : 

NH,Cl + 2KI + 2HCl = NH,Cl + 2KCI + I,. 

The partition experiments were carried out at the temperature 
stated by adding the stock ether solution to the various aqueous 
solutions and thoroughly shaking the mixtures. After the two 
phases had separated, the concentration of the chloroamine was 
determined in both. The results are given in Tables V and VI. 

VOL, CXXIII, QQ 
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TABLE V. 


Partition of chloroamine between water and ether, and between 
glue solution and ether at 0°. 
C.c. of N/10-iodine required for 2 c.c. of each solution. 
Glue 
Ether. Water. Ratio. Ether. solution. Ratio. 
3-1 2-2 1-4 3:2 2-1 15 
3-1 2-2 1-4 3:2 2-1 1-5 


TaBLeE VI. 


Partition of chloroamine between 2N-aqueous ammonia and ether, 
between water and ether, and between ether and an aqueous 
solution of glue-ammonia at — 8°. 

C.c. of N/10-iodine required for 2 ¢.c. of cach solution. 
2N-Am- Ammonia-— 
Ether. Water. Ratio. Ether. monia. Ratio. Ether. glue. Ratio, 
5:8 4-5 1-29 5:7 4-5 1-27 5-6 4-0 1-40 
5:9 4-5 1-32 5:7 4-2 1-35 5:7 4-0 1-42 


The above results show, if anything, that in the presence of 
glue the chloroamine tended to pass into the ether phase. Had 
there been any combination between the glue and the chloroamine, 
the concentration of the latter in the aqueous phase would have 
increased. The same result was obtained when the aqueous phase 
contained ammonia and also ammonia and glue, and therefore it 
is unlikely that an intermediate compound is formed between 
chloroamine and glue, or chloroamine and ammonia, or chloroamine, 
glue, and ammonia. 


Influence of Various Salts on the Formation of Hydrazine. 


Preliminary experiments having shown that the presence of 
ammonium salts tended to reduce the yield of hydrazine, a series 
of experiments was carried out to ascertain the effect produced by 
various salts on reacting mixtures of ammonia, glue, and sodium 
hypochlorite. The results are given in Tables VII and VIII. 


TABLE VII. 


Effect of various salts on the yield of hydrazine obtained from 
12 mols. of ammonia, 1°5 grams of glue, 0°4 mol. of sodium hypo- 
chlorite, and 0:2 mol. of sodium hydroxide in 1280 c.c. of solution. 


Weight °% Hydrazine Weight % Hydrazine 
Salt added. (grams). formed. Salt added. (grams). formed. 
No salt — 52 1-2 
(NH,)SO, 44 6 . 52 
KCl 51 56 15 41 
No glue —- 0-4 
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Tasie VIII. 


Effect of varying amounts of ammonium chloride and other sub- 
stances in the formation of hydrazine from a mixture of 5:1 mols. 
of ammonia, 0°75 gram of glue, 0°15 mol. of sodium hypochlorite, 
and 0°090 mol. of sodium hydroxide in 500 c.c. of water. 

Substance Weight % Hydrazine Substance Weight °%% Hydrazine 
added. grams). formed. added. (grams). formed. 
None NH,Cl j 

‘6 NH,NO, 

NH,Cl (NH,).80, 

Na,SO, 
34 NaOH 
1: ie NH,HCO, 

These experiments show that the presence of ammonium-ion 
lowers the yield of hydrazine to a great extent. This effect was 
noticeable when the quantity of ammonium salt added was 
sufficient to react with the free sodium hydroxide originally present 
and also with that set free during reaction 1 (p. 1114). In cases such 
as this the hydrazine hydrochloride will give ammonium chloride 
and hydrazine hydrate, as the latter is a weaker base than an 
equivalent solution of ammonia in water, and therefore reaction 2 
(p. 1114) will take place in the presence of increasing concentrations 
of ammonium-ion. 

Gelatin in solution has slightly acid properties (Wintger and 
Vogel, Kolloid Z., 1922, 30, 45; Lloyd and Mayes, Proc. Roy. Soc., 
1922, [B], 93, 69), and in the presence of ammonia a certain amount 
of ammonium-ion is necessarily formed. It was found that when 
the sodium hypochlorite was nearly neutral an increase in the 
yield of hydrazine was brought about by the addition of about 
0:01 mol. of sodium hydroxide per litre. 

When hypochlorous acid (pure) and chloroamine were used 
instead of an equivalent quantity of sodium hypochlorite, about 
12 per cent. of hydrazine was formed instead of 60 per cent., whilst 
when calcium hypochlorite was used the yield was about 25 per 
cent. In the case of the first two substances there would be 
practically no free hydroxyl-ion, and in the case of the last the 
relative concentration is small, owing to the insolubility of the 
calcium hydroxide set free. 


Effect of the Addition of Hydrazine on the Yield of Hydrazine 
obtained from a Mixture of Sodium Hypochlorite, Glue, and 
Ammonia. 

A known quantity of hydrazine hydrate solution was added to 
a mixture of ammonia, glue, and sodium hypochlorite and the 
total amount of hydrazine was estimated after the reaction had 

QQ2 
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taken place. It will be seen from results given in Table IX that 
when the hydrazine was added before the sodium hypochlorite 
the yield was less than that obtained when the two substances 
were added in the reverse order, Evidently the hydrazine brings 
about a decreased yield, but the decrease is not proportional to 
the amount of hydrazine added. 


TABLE IX. 


Showing the effect on the yield of hydrazine of adding hydrazine 
to a mixture of ammonia and bleach. 
Yield per 
C.c. of Equivalent Total Loss due Loss per cent. on 
N.H, in c.c. of titration to N,H, Ce. bleach 
added. N/10-iodine. at the end. added. added. added. Remarks, 
38-7 | 0 79 
39-4 -39-1 0 80 
39-1 80 
48-7 69 N,H, added 
before NaOCl. 
NH, added 
after NaOCl. 
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Substitution of Other Substances for Gelatin as Catalyst. 


The substances employed may be divided into those giving 
apparently homogeneous mixtures with water and those giving 
heterogeneous mixtures. Of the former, urea, saccharin, sodium 
azide, sodium oleate, sodium palmitate, and lithium chloride had 
no catalytic effect. 

Gelatin, glue, and peptone produced the same effect at all the 
concentrations employed. Starch, dextrin, and sucrose catalysed 
the reaction, but only appreciably when used in amounts 100 to 
300 times that of the gelatin. The effect of the sodium salts of 
glutamic acid, tyrosine, tryptophan, and uric acid was insignificant. 
Peptised silicic and stannic acids had strong catalysing actions, 
the yield of hydrazine obtained with stannic acid being about 
equal to that produced by one-third the quantity of gelatin; with 
silicic acid, however, a yield equal to that obtained with glue could 
not be attained. 

It was found that the reaction could be catalysed by substances 
such as animal charcoal, wood charcoal, asbestos powder, and 
powdered meerschaum, when these were present in relatively 
large quantities. Kieselguhr, calcium phosphate, silica gel, French 
chalk, and kaolin had no action. 
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Some of the substances were ground in a Plauson colloid mill, 
and it was found that by this means the maximum yield could be 
attained with a smaller quantity of substance. 

It has been stated that there is no difference in the catalysing 
properties of gelatin, glue, and peptone, and that the amino-acids 
have comparatively little catalysing action. As peptone is pro- 
duced from gelatin by hydrolysis, on boiling the latter with hydro- 
chloric acid a stage should come at which the catalysing action of 
the product will have diminished. It was found that on boiling 
a 10 per cent. solution of gelatin in 5N-hydrochloric acid the 
activity of the product decreased after ten minutes and after 
sixty minutes was only about 15 per cent. of that of the original 
solution. By this means it was found possible to produce a 
catalyst of low viscosity which did not froth on boiling, but which 
possessed a catalysing action equal to that of gelatin. 


Mechanism of the Formation of Hydrazine. 


It is improbable that the action of the gelatin is due to the 
formation of intermediate compounds with chloroamine, because 
it was shown in the partition experiments that the existence of 
any such compound is not likely. Moreover, this explanation does 
not account for the behaviour of the substances which form hetero- 
geneous mixtures with water. The fact that the addition of 
hydrazine to the reacting mixture of glue, ammonia, and sodium 
hypochlorite (p. 1120) causes a decrease in the yield indicates that 
the by-reaction takes place according to equation 4 (p. 1115). The 
catalyst therefore accelerates reaction 2 or retards reaction 4. 
The former effect would be produced by strong absorption of the 
ammonia by the particles of glue. This explanation of the action 
of the catalyst is in harmony with the behaviour of insoluble 
substances such as the charcoals, which are known to adsorb 
ammonia to a large extent. It is interesting to note that gelatin 
peptones, which are the most active catalysts in the Raschig 
reaction, are also active in the inhibition of the breakdown of 
hydrogen peroxide by platinum (Iredale, T., 1921, 119, 109) and 
also in the inhibition of the decomposition of hydroxylamine by 
colloidal platinum (Findlay and Thomas, <bid., p. 170). 


This work was carried out at Ardeer Factory, Stevenston, and 
the author wishes to thank Mr. Rintoul, O.B.E., F.I.C., and Messrs. 
Nobel Industries, Ltd., for permission to publish this paper. 


ARDEER Factory, STEVENSTON. (Received, January 17th, 1923.] 


MACBETH : THE LABILE NATURE OF THE 


CXXVI.—The Labile Nature of the Halogen Atom in 
Organic Compounds. Part VIII. The Action of 
Hydrazine on the Halogen Derivatives of Acetoacetic 
and Benzoylacetic Esters and of Benzoylacetone. 


By ALEXANDER KILLEN Macsetu. 


In a previous paper of this series attention was directed to the 
fact that mono- and di-chloromalonic esters have a greater oxidising 
action on hydrazine than the 3-chloro-derivatives of acetylacetone 
(T., 1922, 121, 1116). This observation was further supported 
by the study of a series of substituted chloromalonic esters (ibid., 
p. 2169), and it was found that substances of this type are quanti- 
tatively reduced by hydrazine hydrate with liberation of nitrogen, 
The different chloro-diketones examined (yy-dichloroacetylacetone, 
4 : 4-dichloro-1 : 1-dimethylcyclohexane-3 : 5-dione, cyclohexane- 
spiro-4 : 4-dichlorocyclohexane-3 : 5-dione, and the corresponding 
monochloro-compounds) were found to be unacted upon by hydrazine 
hydrate at the ordinary temperature, and it was suggested that 
the greater reactivity of the chlorine atom in the malonic derivatives 
was connected with the fact that it was subjected to the influence 
of the two ethoxy! groups in addition to that of the two keto-groups. 
On the polarity basis this is represented as follows : 


: SCHCI! 


(Halogen reactive.) (Halogen less reactive.) 


Gupta and Thorpe (T’., 1922, 121, 1896) take exception to this 
view, because if it is applied to the case of the bromo-compounds, 
dibromomalonic ester should brominate more readily than 4 : 4-di- 
bromo-! : 1-dimethyleyclohexane-3 : 5-dione; and this they find 
is contrary to the experimental facts. It is well known that in 
general the introduction of a carbethoxyl group for the carbonyl 
group in the diketones results in decreased reactivity; and it was 
on account of the exceptional behaviour of the chloromalonic 
esters in the reactions referred to that we directed attention to the 
supposed influence of the additional ethoxyl groups. The chlorine 
atom certainly seems to be susceptible to such influence, for we have 
examined further cases in support of our previous observations and 
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found that, whereas the chloro-derivatives of diketones are not 
reduced by hydrazine, the halogen compounds in which an additional 
ethoxyl group is present are readily acted upon by this reagent. 
Thus, y-chloro- and yy-dichloro-benzoylacetone liberate no nitrogen 
from hydrazine hydrate at the ordinary temperature, but the halogen 
derivatives of acetoacetic and benzoylacetic esters liberate nitrogen 
quantitatively under the same conditions. From these results it 
would appear that the reactivity of the chlorine atom is increased 
by the introduction of the ethoxy! group, and this may be explained 
on the polarity basis in the usual way. 

y-Chloro- and yy-dichloro-benzoylacetone are conveniently 
prepared by the action of sulphuryl chloride on the parent diketone. 
They are readily converted into substituted pyrazoles by the action 
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7 of p-nitrophenylhydrazine. Thus y-chlorobenzoylacetone gives rise 
oh to 4-chloro-3(or 5)-phenyl-1-p-nitrophenyl-5(or 3)-methylpyrazole 
ae (compare Morgan, Drew, and Barker, T., 1922, 121, 2457), whilst 
ing the dichloro-compound is converted into 4-p-nitrobenzeneazo-3(or 
ine § )-phenyl-1-p-nitrophenyl-5(or 3)-methylpyrazole (I) : 

lat a : u-N==CPh 

ves NOsCoHye NS cdcy NOCH NS OMei-NIN-C,H,NO, 
1ce (I.) (II.) 

ps, 

From the results obtained it would appear that hydrazine may 
be employed to determine the position of the halogen atom in 
compounds of the acetoacetic series. It is well known that bromo- 
compounds of this class of ester in which the halogen atom is 
attached to the «-carbon atom readily change into the corresponding 
y-bromo-compound, especially in the presence of hydrobromic acid 
(Hantzsch, Ber., 1894, 27, 356, 3168; Conrad, Ber., 1896, 29, 1042). 
Since the y-bromo-esters are unacted upon, whilst the «-compounds 
are quantitatively reduced by hydrazine hydrate, this reagent may 
be conveniently employed to determine the amount of the «-form 

is J present, and so to follow the « to y change. The identification of 
s, the two forms has hitherto been based on the formation of thiazole 
i derivatives by the action of thiourea (Hantzsch, Ber., 1892, 25, 728; 


Annalen, 1894, 2'78, 61), the «-compound giving an ester of amino- 
in nethylthiazolecarboxylic acid (III), and the y-compound an ester 
yl of aminothiazolylacetic acid (IV). The substituted esters also 
1s give rise to derivatives of a similar type, methyl y-bromoethy]l- 


acetoacetate, for example, being converted into methyl amino- 
thiazolylpropionate (V) (Conrad and Kreichgauer, Ber., 1896, 29, 
1046). It is evident that although the isolation of compounds of 
the thiazole type gives an indication of the nature of the main 
constituent of a bromoacetoacetic ester, it cannot be employed as 
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the basis of an accurate estimation of the amounts of the «- and 
y-forms present in a mixture of the bromo-compounds. The 
hydrazine reaction is found to be very convenient in such work 
in the case of the substituted ae esters. 


S:C-CO,R S-C S-CH 
H,N-C< H <' C< 
a xcH, 00,8 OS y.C.cHMe-C0,ak 
(III.) (IV.) (V.) 


The ease with which the «-bromoacetoacetic esters pass over into 
the corresponding y-compounds in the presence of hydrobromic 
acid makes it a matter of difficulty to prepare the pure «-derivative 
by ordinary bromination methods. Brihl (Ber., 1903, 36, 1731) 
pointed out that if the bromination is carried out in the presence of 
a solution of sodium hydroxide the pure «-derivative will be obtained ; 
and this is found to be the best method of preparing ethyl] «-bromo- 
acetoacetate. Smith (J. Amer. Chem. Soc., 1922, 44, 216) has 
shown that if the ester is brominated by introducing the bromine 
vapour by a rapid current of air—which also sweeps out the hydro. 
gen bromide formed—the product will consist mainly of the «-bromo- 
derivative. This method of bromination is found to be very 
convenient in the preparation of the substituted «-bromo-esters, 
which are thus obtained free from the y-derivative. 

In brominations by this method it is essential that the operation, 
and the subsequent purification, be carried out without delay, 
as otherwise migration of the halogen atom from the a- to the 
y-position will take place. This was specially noted in the case 
of ethyl bromobenzylacetoacetate, which decomposed with the 
evolution of much vapour (probably ethyl bromide) on distillation 
under reduced pressure. A solid which collected in the condenser 
and the receiver was probably «-benzyltetronic acid, produced 
by decomposition of the y-bromo-ester : 


CH,Br-CO-CHBz-CO, Et —> CHB2CO>6 + repr. 
CO—CH, 

A point of interest has been observed in the case of the halogen 
derivatives of ethyl acetoacetate. These compounds react with 
hydrazine hydrate, but the volumes of nitrogen liberated are less 
than the theoretical amount, the monochloro-compound yielding 
some 63 per cent., and the monobromo-derivative about 82 per 
cent., of the calculated quantity. This behaviour may be connected 
with the basic nature of the reagent, which may stabilise the mono- 
chloro- and monobromo-acetoacetates to some extent in the enolic 
form. This view seems to be supported by the fact that the 
halogen derivatives of the substituted acetoacetic esters—in which 
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enolisation cannot take place—react quickly with hydrazine hydrate, 
nitrogen being liberated quantitatively. Against this view it may 
be urged that disturbance of the equilibrium will tend to make 
the compound react entirely in the keto-form, and the low result may 
bedue to secondary reactions such as the formation of ring compounds. 
Such reaction actually takes place, as corresponding pyrazolones 
have been isolated from the halogen derivatives of substituted 
acetoacetic esters, but the formation of the ring compound appears 
to occur subsequent to reduction, for the evolution of nitrogen is 
quantitative in the cases examined. Further attention, however, is 
being devoted to this question. 


EXPERIMENTAL. 


The estimations referred to in the following cases were carried 
out in a Van Slyke nitrometer, and 1 c.c. of hydrazine hydrate (50 
per cent. solution) was a sufficient excess for the quantities of the 
halogen compounds used. 

Ethyl «-chloroacetoacetate was prepared by the action of sulphuryl 
chloride (1 mol.) on the molecular quantity of ethyl acetoacetate 
(Allihn, Ber., 1878, 11, 567). The chloro-ester boils at 193°/760 mm. 
with little decomposition, and distils under reduced pressure as a 
colourless oil, b. p. 88—89°/11 mm., nj 1:4420. An alcoholic 
solution was prepared containing 1°645 grams of the ester in 25 c.c., 
and 5 c.c. of this solution liberated 15 c.c. N, at 17° and 760 mm. 
The bimolecular quantity therefore liberates 17°74 grams of N, on 
treatment with hydrazine hydrate, or 63°3 per cent. of the chloro- 
compound reacts. 

Ethyl ««-dichloroacetoacetate was prepared by the action of a 
molecular quantity of sulphuryl chloride on the monochloro-ester. 
It has b. p. 205—207°/756 mm., 91°/11 mm., and nj; 1:4492. 
Five c.c. of an alcoholic solution, containing 0-995 gram of the ester 
in 25 c.c., on treatment with hydrazine hydrate liberated 23:2 c.c. 
N, at 17° and 760 mm. The molecular quantity therefore liberates 
274 grams No, or about 97 per cent. of the ester reacts. 

Ethyl «-chloromethylacetoacetate is conveniently prepared by the 
action of sulphuryl chloride on ethyl methylacetoacetate (Roubleff, 
Annalen, 1890, 259, 254). It has b.p.81°/13 mm. Five c.c. of an 
alcoholic solution, containing 1-785 grams of the chloro-ester in 25 ¢.c., 
liberated 23°4 c.c. Ny at 13° and 760 mm. on treatment with hydrazine 
hydrate. The bimolecular quantity liberates 28°06 grams No, and 
therefore the compound consists entirely of the «-chloro-ester. 

Ethyl «-chloroethylacetoacetate also was prepared by means of 
sulphuryl chloride, and has b. p. 203—204°/770 mm., 90°5°/10 mm., 
and nj; 14372. 1-925 Grams were made up to 25 c.c. with sloohol, 
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and 5 c.c. of the solution liberated 23°6 c.c. N, at 16° and 760 mm, 
when treated with hydrazine hydrate. The bimolecular quantity 
liberates 28-00 grams N, and therefore the compound consists entirely 
of the «-chloro-ester. 

Ethyl «-Chloropropylacetoacetate.—Fifteen grams of ethyl propyl. 
acetoacetate were heated to about 40°, the molecular quantity of 
sulphuryl chloride was gradually added, and the mixture was then 
heated on the water-bath for upwards of an hour. After washing 
with water and drying with anhydrous sodium sulphate, the product 
was fractionated under reduced pressure and distilled in a main 
fraction at 108—110°/10 mm. as a clear oil with a faint yellow 
tinge, nj) 1:4420 (Found : Cl = 17-4. C,H,;0,Cl requires Cl = 17-2 
per cent.). An alcoholic solution was prepared containing 2:065 
grams of the ester in 25 c.c., and 5 c.c. of this solution liberated 
23°8 c.c. N, at 16° and 756 mm. The ester therefore consists 
entirely of the «-chloro-compound. 

Kthyl y-bromoacetoaceiate was prepared by Conrad’s method 
(Ber., 1896, 29, 1042). On distillation under reduced pressure, the 
ester had b. p. 115—120°/15 mm., a value which agrees with the 
records of Auwers and Auffenberg (Ber., 1917, 50, 950) and Chick and 
Wilsmore (‘T., 1910, 97, 1988), but is contrary to the value 125°/10 
mm. recorded by Epprecht (Annalen, 1894, 278, 77). An alcoholic 
solution of the customary strength was prepared, but it liberated 
no nitrogen on treatment with hydrazine. 

Ethyl «-bromoacetoacetate is best prepared by Brihl’s method 
(Ber., 1903, 36, 1731). The ester has b. p. 99—102°/13 mm., and 
liberates nitrogen from hydrazine hydrate in the cold, but, as in 
the case of the chloro-compound, the reaction is not quantitative. 
2°09 Grams of the ester were made up to 25 c.c. with alcohol, and 
5 c.c. of the solution liberated 19°8 c.c. N, at 16° and 750 mm. 
The bimolecular quantity therefore liberates 23:2 grams N,, or 
about 82°6 per cent. of the bromo-ester reacts. The solution liberated 
iodine quantitatively from an acidified solution of potassium 
iodide. 

Ethyl ««-dibromoacetoacelate, prepared according to Briihl’s 
method (loc. cit.), has b. p. 120—124°/13 mm. It liberates nitrogen 
from hydrazine hydrate in the cold, but the values are less than the 
theoretical amount. Five c.c. of a solution containing 1°44 grams 
of the ester in 25 c.c. liberate 22°0 c.c. N, at 16° and 750 mm. 
Nearly 92 per cent. of the ester therefore reacts. 

Ethyl «-Bromomethylacetoacetate—14°5 Grams of ethyl methyl- 
acetoacetate were placed in a small Dreschel bubbler immersed in 
ice, and approximately the calculated quantity of bromine was 
introduced by drawing a current of air through bromine into the 
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apparatus by means of a suction pump. The current of air was 
thereafter maintained for fifteen minutes to sweep out hydrogen 
bromide and the excess of bromine. The crude bromo-ester was 
repeatedly washed with water containing a little sodium thiosulphate, 
and after a final washing with water was extracted with ether. 
The ethereal solution was dried with anhydrous sodium sulphate, 
and after the removal of the solvent the ester was fractionated under 
reduced pressure. It distilled in a main fraction, as an almost 
colourless oil, at 93°/10 mm., njj 1°4560. ‘The product is the pure 
a-bromo-ester, for 5 c.c. of an alcoholic solution, containing 2°23 
grams of the ester in 25 c.c., liberated 23°6 c.c. N, at 15° and 760 mm. 
This corresponds with 100-2 per cent. of ethyl «-bromomethylaceto- 
acetate. 

Ethyl «-Bromoethylacetoacelate—Sixteen grams of ethyl ethyl- 
acetoacetate were brominated as described in the preceding case. 
The product consisted of the «-bromo-ester, which has b. p. 106°/11 
mm., and nj} 14586. 2°37 Grams of the pure ester were made up 
to 25 c.c. with alcohol, and 5 c.c. of this solution liberated 23°5 c.c. 
N, at 15° and 760 mm. This corresponds with the theoretical 
amount required for the pure «-bromo-ester. 

If bromination is carried out at the ordinary temperature, 
some y-bromo-ester will be formed; in one experiment, estimation 
with hydrazine hydrate showed that nearly 20 per cent. of the 
y-ester was present. The y-ester is probably the main product 
formed when the bromination is carried out by means of bromine in 
chloroform, for Nef (Annalen, 1891, 266, 94) has shown that the 
bromo-ester so obtained is converted in «-ethyltetronic acid and 
ethyl bromide when heated in a sealed tube at 100° (compare also 
Wedel, Annalen, 1883, 219, 101; Demarcy, Ann. Chim. Phys., 
1880, [v], 20, 439, 465). 

Ethyl «-Bromopropylacetoacetate—Seventeen grams of the parent 
ester were brominated by the method described above, and the ester 
was obtained as a clear yellow oil boiling at 130°/10 mm., nj} 1°4610 
(Found: Br = 31°63. C,H,,;0,Br requires Br = 31°87 per cent.). 
Five c.c. of an alcoholic solution, containing 2°51 grams of the 
bromo-ester in 25 c.c., on treatment with hydrazine hydrate 
liberated 23°7 c.c. N, at 16° and 756 mm. ‘This corresponds with 
99°82 per cent. of the «-bromo-ester. 

Ethyl «-Bromobenzylacetoacetate—Fifteen grams of the parent 
ester were brominated in the usual way, and the product was 
obtained as a pale yellow oil which consisted entirely of the «-bromo- 
ester. It has b. p. 180°/14 mm. and xj; 1°5280 (Found: Br = 26°91. 
C,3H,,0,Br requires Br = 26°75 per cent.). Five c.c. of an alcoholic 
solution, containing 2°99 grams of the bromo-ester in 25 G.0-, liberated 
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23°4 c.c. N, at 14° and 758mm. This corresponds with a percentage 
purity of the «-ester of 99°5. 

Ethyl «-Chloroethylbenzoylacetate (Ethyl «-Chloro-«-benzoylbutyrate), 
—The ethyl benzoylbutyrate used in the work was prepared by 
Hope and Perkin’s method (T., 1909, 95, 2042). Ten grams of 
sulphuryl chloride (1 mol.) were gradually added to 15 grams of 
the benzoylbutyrate, and after the reaction was complete the 
product was dissolved in ether and thoroughly washed with water. 
After drying with sodium sulphate and removal of the solvent, 
the residual oil was fractionated under reduced pressure and 
distilled at 156°/14 mm.; n»jf 15108 (Found: Cl= 142. 
C,3H,;0,Cl requires Cl = 13°95 per cent.). The chloro-ester 
liberates iodine from potassium iodide, but the reaction is not 
quantitative. The ester consists of the pure «-chloro-compound, 
for 5 c.c. of an alcoholic solution, containing 2°545 grams of the 
chloro-ester in 25 c.c., liberated 23°6 c.c. N, at 15° and 758 mm. 
The bimolecular quantity therefore liberates 28°03 grams of nitrogen, 
which corresponds with the amount expected from the pure «-chloro- 
ester. 

Ethyl «-Bromoethylbenzoylacetate (Ethyl «-Bromo-a-benzoylbutyrate). 
—The parent ester, when acted upon by bromine vapour introduced 
in a current of air, is converted entirely into the «-bromo-derivative. 
The purification is carried out as in the cases previously described, 
and the ester is obtained as a clear oil with a faint orange tint. 
It has b. p. 181°/15 mm. and nj* 15350 (Found: Br = 26°54. 
C,3H,,0,Br requires Br = 26°75 per cent.). The bromo-ester 
liberates iodine from potassium iodide, but the reaction is not 
quantitative even after two hours. The reaction with hydrazine 
hydrate at the ordinary temperature is quantitative, and therefore 
the ester consists entirely of the «-bromo-compound. An alcoholic 
solution was prepared containing 2°99 grams of the ester in 25 c.c., 
and 5 c.c. of this solution liberated 23°6 c.c. N, at 16° and 757 mm. 
The bimolecular quantity therefore liberates 28°00 grams of nitrogen, 
which is in good agreement with the theoretical value. 

y-Chlorobenzoylacetone.—The chloro-compound was first prepared 
by the action of chlorine on the copper salt of benzoylacetone, a 
method which had proved successful in the case of other diketones 
(Auwers and Auffenberg, Joc. cit.). The copper salt of the diketone 
is obtained in almost quantitative yield by shaking an ethereal 
solution of benzoylacetone with an aqueous solution of copper 
acetate (Wislicenus and Stoeber, Ber., 1902, 35, 545). The dry 
copper salt was suspended in carbon disulphide and a stream of 
chlorine passed in until the precipitation of the copper chloride was 
complete. After filtration, the carbon disulphide was removed under 
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reduced pressure, and the residue extracted with ether. The residual 
oil after removal of the ether was distilled under reduced pressure, 
and collected in a main fraction boiling at 145°/14 mm. 

A more convenient method of preparing the chloro-diketone, 
and one which gives better yields, is as follows. Forty grams of 
the diketone are covered with ether and 35 grams (1 mol.) of 
sulphuryl chloride gradually added with shaking, a brisk reaction 
with the evolution of sulphur dioxide and hydrogen chloride 
occurring after each addition. The mixture is then heated on the 
water-bath for upwards of an hour to complete the reaction, and 
the residual oil, after being washed with water and dried, is frac- 
tionated under reduced pressure. It distils in a main fraction at 
142°/11 mm., having nj} 1°5672. Yield 42 grams, or 85 per cent. 
of the theoretical amount. The oil obtained on distillation does 
not solidify even after standing for two months. y-Chlorobenzoyl- 
acetone readily forms a copper salt; it also liberates iodine from an 
acidified solution of potassium iodide, and after standing for a 
short time the reaction is quantitative. 1°965 Grams of the chloro- 
diketone were dissolved in 25 c.c. of alcohol, and 5 c.c. of the solution, 
when added to an acidified aqueous-alcoholic solution of potassium 
iodide, liberated iodine immediately ; after standing for a short time, 
39°8 c.c. of N/10-thiosulphate were required for titration, which 
corresponds with Cl = 17°97 (C,)H,O,Cl requires Cl = 18°06 per 
cent.). 

Alcoholic solutions of y-chlorobenzoylacetone do not liberate 
nitrogen from hydrazine hydrate at the ordinary temperature. 

On heating an alcoholic solution of the chloro-diketone with a 
molecular quantity of p-nitrophenylhydrazine, condensation takes 
place with the formation of 4-chloro-3(or 5)-phenyl-1-p-nitropheny]l- 
5(or 3)-methylpyrazole. After three crystallisations from glacial 
acetic acid, the pyrazole is obtained as orange needles, m. p. 155—157° 
(compare Morgan, Drew, and Barker, Joc. cit.). 

yy-Dichlorobenzoylacetone.—Seventeen grams (1 mol.) of sulphuryl 
chloride were gradually added to 24 grams of y-chlorobenzoylacetone, 
and the product was heated on the water-bath for half an hour. 
After washing with water and drying, the oil was distilled under 
reduced pressure and collected in a main fraction boiling at 158°/14 
mm. It is a clear, refractive oil, with a faint orange tint, 
n* 1°5530 (Found: Cl = 31:0. Cy 9H,O0,Cl, requires Cl = 30°7 per 
cent.). The yield amounts to more than 80 per cent. of the theory. 
The dichloro-compound does not form a copper salt, nor liberate 
nitrogen from hydrazine hydrate at the laboratory temperature, 
It liberates iodine from acidified potassium iodide, but the reaction 
isnot quantitative even after two hours. Both the chloro-derivatives 
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of benzoylacetone have lachrymatory properties, but they do not 
irritate the eyes to nearly the same extent as the corresponding 
derivatives of acetylacetone. 

4-p-Nitrobenzeneazo-3(or 5)-phenyl-1-p-nitrophenyl-5(or 3)-methyl. 
pyrazole.—2°3 Grams (1 mol.) of yy-dichlorobenzoylacetone, 
dissolved in 30 c.c. of alcohol, were added to a filtered solution of 
3 grams (2 mols.) of p-nitrophenylhydrazine in two litres of water 
containing a little hydrochloric acid, and the mixture was vigorously 
shaken. The colour of the solution gradually reddened and after 
some minutes the pyrazole began to separate as a flocculent, reddish- 
orange precipitate. The reaction was almost complete after an 
hour’s shaking, but the mixture was kept for another two hours, 
when the pyrazole was collected and washed well with hot water, 
It was crystallised once from acetone and several times from aqueous 
acetone to remove a highly coloured impurity, and was thus obtained 
as very fine, orange-red needles, m. p. 295—297° (Found: N = 20:2. 
C..H,,0,N, requires N= 19°7 per cent.). The substance is 
moderately soluble in acetone or ether, less soluble in alcohol, and 
sparingly soluble in glacial acctie acid. Jt is our intention to study 
this type of reaction further. 
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CXXVII.—The Labile Nature of the Halogen Atom in 
Organic Compounds. Part IX. The Electrical 
Conductivities and the Reduction of Derivatives of 
Nitroform. 


By Tuomas HenpEerson, Epmunp Lanetry Hirst, and 
ALEXANDER KILLEN MacBeEtH. 

The Electrical Conductivities of Derivatives of Nitroform. 
It has long been known that a large number of organic compounds 
are to a greater or less degree conductors of electricity when dis- 
solved in liquid sulphur dioxide. The exhaustive researches of 
Walden (Z. physikal. Chem., 1903, 43, 385) showed that the 
equivalent conductivity of such solutions increased with increas- 
ing dilution in the same way as the equivalent conductivity of 
aqueous solutions of electrolytes, and therefore he ascribed the 
mechanism of conductivity in these cases also to ionisation of the 
organic compounds concerned. <A review of the various substances 
investigated shows that the power of acting as an electrolyte 
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PART IX. 


of THE HALOGEN ATOM IN ORGANIC COMPOUNDS. 


depends in a marked manner on the chemical constitution of the 
compound, one of the most interesting cases being triphenylmethyl, 
which shows a considerable conductivity in liquid sulphur dioxide 
(Walden, loc. cit.; Gomberg and Cone, Ber., 1904, 37, 2044). The 
peculiar reactivity of the grouping involved in the union of three 
phenyl groups to one carbon atom is seen in the conductivity 
shown by triphenylearbinol, triphenylmethyl chloride, and_ tri- 
phenylmethyl bromide; methyl bromide and _ trimethylcarbinol 
being non-electrolytes. In these so-called abnormal electrolytes 
the exact mechanism which leads to the formation of ions is not 
well understood, more especially in a case such as triphenylmethyl 
where tautomerism may play a very important part in deter- 
mining the reactivity and the electrical properties, and therefore 
it seemed to be of interest to investigate the behaviour of the 
somewhat simpler cases presented by derivatives of nitroform, 
where the groups are of the same polar type as in triphenylmethyl. 
It has been shown in the earlier papers of this series that here the 
possibility of ascribing the remarkable reactivity to tautomeric 
changes may definitely be ruled out of account. In making the 
measurements the experimental procedure adopted by Gomberg 
and Cone (loc. cit.) was followed, with the exception that un- 
platinised electrodes were used in view of Walden’s observation 
that there was danger of platinised electrodes being attacked in 
the presence of halogen compounds. For purposes of comparison 
with the nitroform derivatives the conductivities in liquid sulphur 
dioxide of other representative compounds containing labile halogen 
were measured. Observations were made for each of the following 
compounds, of which the first two were used as controls in testing 
the sulphur dioxide; ethyl bromide, ethylene dibromide, ethyl 
monobromomalonate, ethyl dibromomalonate, tetranitromethane, 
chlorotrinitromethane, and bromotrinitromethane. These  sub- 
stances may be sharply divided into two classes, according to the 
magnitude of their electrical conductivities. Tctranitromethane, 
chlorotrinitromethane, and the mono- and di-bromomalonic esters 
gave such small values for their specific and molecular conductivities 
that they are practically non-conductors in this solvent. It is 
evident, therefore, that the lability of the halogen atom in these 
compounds is not accompanied by ionisation in solution in liquid 
sulphur dioxide. On the other hand, bromotrinitromethane dis- 
played a marked conductivity under similar conditions, and the 
values of the molecular conductivity were found to increase with 
the dilution. There is no possibility, however, of interpreting the 
observations as being due to simple ionisation into ions of Br 
and -C(NO,)3, for by reference to the tables given in the experi- 
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mental part it will be seen that the molecular conductivity firs, 
increased to a maximum and afterwards fell slowly to a permanent, 
small value; at this stage a red colour developed in the solution, 
which then appeared to contain free bromine, the accompanying 
chemical change being of an exothermic nature. It may be noted 
in this connexion that previous work has shown the reactivity of 
the bromine atom in compounds containing labile halogen to be ip 
general more pronounced than that of chlorine under similar 
conditions. The observed values of the conductivity give a record 
of the progress of the reaction, which was found to take place 
equally readily in ordinary glass vessels, and therefore is inde. 
pendent of any possible changes brought about by the passage of 
the current or by the nature of the electrodes. The low figure 
for the final conductivity of the highly coloured solution along 
with the presence of free bromine rendered it advisable to in. 
vestigate the behaviour of bromine in liquid sulphur dioxide, 
When highly purified material was used, the conductivities observed 
were in agreement with those previously recorded by Walden, but 
it was found that in this case also the value of the conductivity 
was not constant, but decreased gradually with time until a steady 
state was reached at the end of about forty minutes. Taking 
all the facts into consideration, the most probable explanation of 
the various changes appears to be that bromotrinitromethane, like 
the corresponding chloro- and nitro-compounds, does not itself 
function as an electrolyte, but that during the course of the chemical 
reaction between the bromo-compound and the sulphur dioxide, 
intermediate, ionised substances are produced. It is significant 
that the final values recorded for the coloured solution after the 
reaction are of the same order of magnitude as would be given by 
small quantities of free bromine. The reaction may be regarded 
as passing through a stage during which one or more of the com 
ponents of the system are ionised and finally further changes take 
place giving an un-ionised product along with very slightly dis- 
sociated bromine. A reaction of this type, carried out wholly in 
a homogeneous system, would proceed until a definite equilibrium 
position was reached, and the possibility of isolating the products 
will depend in large measure on the position of this equilibrium. 
Experiments with larger quantities of material, and therefore 
necessarily conducted in more concentrated solution, showed, 
however, that little decomposition of the bromo-compound had 
taken place at equilibrium, a result only to be expected when the 
very low value of the maximum conductivity at small dilution is 
taken into account. The formation of hexanitroethane, with 
liberation of bromine, from two molecules of bromotrinitromethane 
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would provide a simple explanation of the observed facts, but 
with the experimental evidence at present available it is impossible 
to say whether the failure to isolate any of this compound is to 
be attributed to the small quantity of it present at the equilibrium 
point, or to the fact that it had not been formed. 


The Reduction of Derivatives of Nitroform. 

The reduction of tetranitromethane and the halogen derivatives 
of nitroform has already been the subject of some study, and it 
has been shown that alkaline reducing agents, such as hydrazine, 
remove the halogen atoms from chloro- and bromo-trinitromethane 
(Macbeth and Pratt, T., 1921, 119, 1356) and eliminate one of the 
nitro-groups from the tetranitro-compound (Baillie, Macbeth, and 
Maxwell, T., 1920, 117, 880). Further investigations showed that 
titanous chloride also removed these atoms or groups, and in 
addition reduced the resulting nitroform to guanidine (Henderson 
and Macbeth, T., 1922, 121, 892). The course of the reactions in 
reductions by this reagent was deduced from a study of the amount 
of titanous chloride oxidised by the nitro-compounds, and as very 
dilute solutions of the materials were used in these experiments 
the yields of guanidine expected were so small that no attempt 
was made to isolate the product. It therefore seemed desirable 
to confirm the results of this work by applying other methods of 
acid reduction, isolating the final product of the reaction, and 
identifying it as guanidine. Such work is now described. Three 
methods of reduction were employed, the reactions being effected 
by (a) nickel-coated zine and hydrochloric acid, (b) iron with 
hydrochloric acid as a catalyst, and (c) iron with sulphurous acid 
present as catalyst. Guanidine was produced in all three cases. 


EXPERIMENTAL, 

Chloro- and bromo-trinitromethanes were prepared by the 
action of fuming nitric acid on acetylene, followed by treatment 
with the halogen or halogen acid (T., 1921, 119, 354). Tetranitro- 
methane was prepared by the action of fuming nitric acid on 
acetic anhydride (Chattaway, T., 1910, 97, 2099). For the con- 
ductivity experiments, these compounds were purified by dis- 
tillation under diminished pressure in presence of silver carbonate, 
the distillation being repeated immediately before the substance 
was required for use. The bromotrinitromethane was further 
purified by crystallisation. 


Conductivity Experiments. 


The cells used were of the pattern described by Gomberg and 
Cone (Ber., 1906, 37, 2044), with unplatinised electrodes, and the 
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weighed quantities of substances were introduced into the cells 
in very small, carefully cleaned glass bottles. The sulphur dioxide 
was distilled directly into the cell and the weight of liquid deter. 
mined, ‘This was reduced to volume by making use of the density 
figures given by Walden (Z. physikal. Chem., 1901, 39, 518). The 
temperature was in all cases 0°. The Kohlrausch method of 
measurement with alternating current was used throughout. 


« = specific conductivity of the sulphur dioxide used. 
v = volume in litres containing one gram-molecule of solute. 
»# = molecular conductivity of the substance at the given dilution, 


Substance. « xX°10°. V. is 
RE ROENO sisi scidcedscscssiccestecsuss 0-123 17-4 0-0057 
Ethylene dibromide 0-123 27 0-035 
Ethyl monobromomalonate 0-123 39-3 0-074 
Ethyl dibromomalonate .................. 0-114 25 0-009 
Tetranitromethane 0-148 8 0-000 
0-173 17 0-009 


All these values were constant and duplicate experiments gave 
almost identical results. 

Bromotrinitromethane.—VThe maximum molecular conductivity 
and the time interval before it was attained are printed in italics. 


v=48. x = 0°236 x 105, 


5 10 20 40 70 80 

0-10 007 005 004 0:04 0-03 
v=98. «=0°181 x 10°. 

2 5 10 20 40 60 1000 

0-82 063 0640 027 O18 O14 0-09 


v= 32. «=O 18 x 105, 


Time (mins.) ... 2 5 
0:06 1-8 
v=161. « = 0-404 x 10°. 
3 5 10 
0:26 065 1-70 
35 40 45 55 
6:35 6-04 5:8 5-2 
Conductivity of Purified Bromine-——A sample of A.R. bromine 
was further purified by being shaken with water and with con- 
centrated sulphuric acid. It was kept over pure barium carbonate, 
distilled over phosphoric oxide, redistilled twice, and stored in 
sealed glass tubes. 


Time (mins.) y 40 
Equivalent conductivity °: ; 0-16 
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Cells , , 

ails Attempted Isolation of the Reaction Products. 

eter. A concentrated solution of bromotrinitromethane in liquid 

sity jf sulphur dioxide developed heat and began to colour after ten 

The minutes at 0°. After twenty-four hours, the solvent was allowed 

1 of [to evaporate away from the red solution, and some of the gas 
was passed through water, which was then found to give a copious 
precipitate with barium chloride. The sulphur dioxide alone did 
not give this reaction, which was therefore due in all probability 

to the presence of free bromine. When the whole of the solvent 

on. # had evaporated, a dark-coloured oil remained which froze at 0°; 
the crystals obtained after a small quantity of adhering oil had 
been drained away proved to be unchanged bromotrinitromethane, 
No trace of any compound of higher melting point could be found 
and, in particular, no hexanitroethane (m. p. 142°) could be isolated. 

Reduction of Derivatives of Nitroform. 
7 Reduction with Zine and Hydrochloric Acid.—Rakshit (J. Amer. 
ity Chem. Soc., 1914, 36, 1221) acted on tetranitromethane with zinc 


and hydrochloric acid with the object of preparing tetra-amino- 
methane, but he obtained guanidine. The work was repeated by 
the authors, with minor modifications of the method, and similar 
reductions were carried out with chloro- and bromo-trinitromethanes, 
but in all cases the yields were poor, about 20—23 per cent. of the 
theoretical amount of guanidine hydrochloride being obtained. A 
typical experiment may be described. Zinc turnings (200 grams), 
having been immersed in a dilute solution of nickel sulphate over- 
night and washed with water, were mixed with 5 c.c. of bromo- 
trinitromethane and 25 c.c. of water, and 4 c.c.-portions of 
2N-hydrochloric acid were run in at intervals with continuous 
shaking. The nitro-compound having disappeared, a further 
30 c.c. of acid were added and the mixture, after remaining over- 
night, was heated on a water-bath until the odour of the nitro- 
compound could no longer be detected. ‘The liquid was then 
decanted, the zinc washed several times with boiling water, and 
sodium carbonate added to the combined liquid and washings. 
The filtrate from zine carbonate was acidified with hydrochloric 
acid and evaporated to dryness, the residue being extracted with 
rectified spirit. After removal of the solvent, the product was 
heated under reflux with absolute alcoho! and the filtered solution 
evaporated to dryness. The crude guanidine hydrochloride was 
heated with a mixture of equal parts of absolute alcohol and ether, 
and a little vegetable charcoal (norit), and after filtration, removal 
of the solvent, and drying at 30° in a vacuum, 0°9 gram, or about 


1136 THE LABILE NATURE OF THE HALOGEN ATOM, ETC. 


21 per cent. of the theoretical amount, of the pure hydrochlorid 
was obtained (Found: Cl = 35-4. Calc., Cl = 368 per cent) 
The bromo-compound reacted more vigorously than tetranity. 
methane or chlorotrinitromethane, these yielding about 23 per cent. 
and 29 per cent., respectively, of the theoretical quantity ¢ 
guanidine hydrochloride. The chlorine content of the guanidine 
hydrochloride was in all cases determined by the silver nitrate. 
thiocyanate method; the results obtained were mostly lov, 
probably on account of imperfect drying of the material. 

Reduction with Iron and Hydrochloric Acid.—A process in which 

10 grams of tetranitromethane were dropped, with constant shaking, 
into a cold mixture of 50 grams of iron turnings, 50 c.c. of water, 
and 5 c.c. of 2N-hydrochloric acid having been found to give low 
yields of guanidine, the method was modified, 5 c.c. of the nitro. 
compound being added to a mixture of 50 grams of iron filings and 
50 c.c. of water, mechanically stirred, and cooled in running ice. 
water; on the addition of a few drops of 2N-hydrochloric acid, 
reaction commenced and nitrous fumes were evolved, the tem. 
perature rising unless the cooling arrangements were efficient, 
After upwards of an hour the main reaction was over, and the 
mixture was then heated on a water-bath until the odour of the 
nitro-compound had disappeared. The sludge was removed and 
washed several times with boiling water, ammonia added to the 
combined filtrates and washings, and hydrogen sulphide passed into 
the alkaline solution to precipitate any iron that had gone into 
solution (in the best experiments it was found that little iron had 
dissolved). The filtrate from the iron sulphide was acidified with 
hydrochloric acid, boiled to expel excess of hydrogen sulphide, 
the precipitated sulphur removed, and the filtrate evaporated to 
dryness. The guanidine hydrochloride was isolated from the 
residue as described in the preceding method. The average yield 
of guanidine hydrochloride in a series of experiments was about 
50 per cent. of the theoretical amount (Found: Cl = 36:7 per 
cent.). 

Chlorotrinitromethane was reduced in a similar way. The 
average yield, however, was lower, amounting to 32—34 per cent. 
of the theoretical. 

The reaction was very vigorous in the case of the corresponding 
bromo-compound and very efficient cooling was necessary. The 
average yield of guanidine hydrochloride was 30 per cent. 

Reduction with Iron and Sulphurous Acid.—Tetranitromethane 
was readily reduced by this method, the procedure being similar 
to that described in the preceding section. A relatively large 
quantity of iron and a small amount of sulphur dioxide were 
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employed. Reduction proceeded rapidly and little iron was left 
in the solution at the end of the reaction. The reduction product 
consisted of guanidine hydrochloride, contaminated by traces of 
the sulphate, the latter resulting from the oxidation of the sul- 
phurous acid employed. 

Identification of the Reduction Product as Guanidine Hydro- 
chloride. —On account of the difficulty encountered in removing all 
traces of water from the products of the various reduction experi- 
ments the chlorine content of the samples was generally lower 
than the theoretical value for guanidine hydrochloride. It there- 
fore seems desirable to submit further proof of the identity of the 
products with this compound. The reduction product (2 grams) 
from one of the experiments was converted into guanidine nitrate 
as follows. The substance was dissolved in the minimum mpg 
of water and a few drops of concentrated hydrochloric acid, 2 c.c. 
of concentrated nitric acid were added, and after evaporation of 
the mixture to about one-fifth of its volume crystals quickly 
separated on cooling. These were collected and recrystallised 
from water. The guanidine nitrate thus obtained melted at 214° 
(compare Ulpiani, D.R.-P. 209431). As further confirmation, the 
reduction product was converted into a picrate in the usual way; 
this had no definite melting point, but its nitrogen content was 
in good agreement with the theoretical value required for guanidine 
picrate (Found: N = 29:2. Calc., N = 29°16 per cent.). 


We wish to record our indebtedness to Miss J. Coupar and to 
Miss A. McLaren for valuable assistance, and one of us (T. H.) 
desires to express his thanks to the Department of Scientific and 
Industrial Research for a grant which enabled him to take part 
in this investigation. 

CuyremMiIcaAL REesEARCH LABORATORY, 


UniItTED COLLEGE or St. LEONARD AND ST. SALVATOR, 
UNIVERSITY OF St. ANDREWS. (Received, March 13th, 1923.] 


CXXVIII.—Synthesis of 4-Hydroxy-1 : 2-dimethyl- 
anthraquinone. 


By ARTHUR FAIRBOURNE and JOHN MILDRED GAUNTLETT. 


In continuation of the work previously communicated (T., 1921, 

119, 1573), it was decided to atte mpt to prepare other derivatives 
of 1: 2-dimethylanthraquinone, but, if possible, by a method 
eliminating the troubles of isomerism normally incurred, thus 
securing independent evidence of the structure of compounds of 
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the 1 : 2-dimethyl series (derivatives of III) obtained in reaction 
such as those described in the previous paper (Joc. cit., p. 1574), 
CO Me 


% co,H i . —> ‘hee ss ile 


M | 
‘ mn AN /SSNCO*% ‘ws - a WA A 
: \Mea ec A j 
| Goo +| ms (L.) f (III.) 
Fa eel / CO 


% /\co.H ZNMe __. ae ts / Me 


ee: Me” \Me 
Fee NS Om 
(IL.) (IV.) 


It is obvious that if position 5 in the 0-4-xyloyl radicle (IL) bel 
occupied, then the only possible dehydration of the intermediate! 
o-xyloylbenzoic acids must yield only the (4-substituted) 1 : 2-di-] 


methylanthraquinone (III). 


The synthesis of 4-hydroxy-1 : 2-dimethylanthraquinone was} 
therefore attempted in this way, since it was known that phenols} 


had been successfully condensed with phthalic acid by means of 
boric acid (Bentley, Gardner, and Weizmann, T., 1907, 91, 1635). 
Three different acids, corresponding with I and IL above, can 


result from the condensation of phthalic anhydride and o0-4-xylenol, | 


Me OH Me 

(00,8 (Me ( \CO,H +” 4 cO,H Me/ 

Dial agg ls a gag Gs Ne scan Ne 
e 


(V.) (VI.) (VIL.) 


but of these, only the first two, V and VI, are capable of condensation 
to a three-ring system, and moreover, the formation of the same 


hydroxyanthraquinone must result in each case. Actually only | 


one acid has been isolated, and this is presumed to be the first of 
the three, V, since Bentley, Gardner, and Weizmann (loc. cit.) have 
shown that such condensations with boric acid take place only in 
the ortho-position to the phenolic group, in which circumstances the 
second acid shown above could not be formed. Moreover, the third 
formula cannot apply, since dehydration of this acid to give a 
member of the three-ring system would obviously be impossible. 


EXPERIMENTAL. 


0-2-Hydroxy-4 : 5-dimethylbenzoylbenzoic Acid.—Equal quantities 
(10 grams) of boric acid, phthalic acid, and 0-4-xylenol were heated 
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at 160° for four hours, and the reddish-brown product was poured 
into an excess of water and steam-distilled until no more xylenol 
or boric acid appeared in the condensate. The residue, consisting 
of substituted benzoylbenzoic acid, unchanged phthalic acid, and 
any xylenolphthalein formed, was separated by filtration while 
hot, washed with hot water, and repeatedly boiled with calcium 
carbonate, the combined filtered extracts finally being concentrated 
and then acidified with dilute hydrochloric acid. The acid so 
obtained crystallised from alcohol in small, white needles, m. p. 
175° (Found: by titration with N/10-baryta, equivalent = 270, 
269. C,,H,,0, requires equivalent = 270). The structure of the 
acid has already been discussed in the theoretical portion. 

4-Hydroxy-1 : 2-dimethylanthraquinone—The dehydration was 
carried out in the usual way (compare previous paper, loc. cit., 
p. 1577) except that it was found advisable not to raise the tem- 
perature above 100°. The condensed acid was mixed with ten 
times its weight of concentrated sulphuric acid and heated at 100° 
for an hour. The dark red solution obtained was poured on to 
broken ice, and the precipitated quinone collected, filtered, washed, 
and dried. Several recrystallisations of this substance from acetone 
gave small, feather-like clusters of golden needles melting at 169° 
(Found: C = 75°84, 76°00; H = 4°64, 4°72. C,,H,.0, requires 
C= 76:19; H = 4-76 per cent.). 

It is expected that by this method of synthesis the various 
derivatives from 1:2-dimethylanthraquinone required will be 
obtained very much more conveniently than by the process described 
in the previous paper, their constitutions being also much more 
clearly defined. Methods for the removal of the radicle in position 
4 are under investigation. 


Krne’s CoLLEGeE, Lonpon. (Received, March 3rd, 1923.] 


CXXIX.—Investigation of the Mannan Present in 
Vegetable Ivory. 


By JoceLyN PATTERSON. 


VEGETABLE ivory, the endosperm of the seed of the tagua palm, 
has long been known as the most convenient source for the pre- 
paration of mannose. This sugar always occurs in nature in the 
form of polysaccharide-like condensation products termed manno- 
sans or mannans, which on hydrolysis yield the simple hexose. 
It is not surprising to find that in the past attention has been 
directed to the study of the products arising from the complete 
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hydrolysis of vegetable ivory, rather than to the more difficult 
subject of the nature of the actual components of vegetable ivory 
itself or to that constituent from which mannose is derived. Patient 
research on the latter topics has only revealed for the most part 
scanty and indefinite information, which it will be convenient to 
summarise before proceeding to describe the results of the present 
investigation. 

By extracting vegetable ivory with cold 75 per cent. sulphuric 
acid, Reiss (Ber., 1889, 22, 610) obtained a carbohydrate, called by 
him seminin, which on hydrolysis with acids yielded a reducing 
sugar, subsequently proved by Fischer (Ber., 1889, 22, 1155) to 
be mannose. Later Johnson (J. Amer. Chem. Soc., 1896, 18, 214) 
extracted vegetable ivory with 10 per cent. potassium hydroxide, 
and obtained a substance of the composition C,H,)0,;, which on 
hydrolysis gave mannose. Soon afterwards Baker and Pope ('T., 
1900, 77, 676) described the isolation from vegetable ivory of a 
substance they termed lzvulo-mannan. They extracted by means 
of 5 per cent. caustic soda and precipitated from the solution by 
addition of Fehling’s solution a blue copper compound, subsequently 
decomposing this with hydrochloric acid. The ensuing product gave 
analytical figures for C,H,)O; and on hydrolysis yielded a syrup 
90 per cent. of which was convertible to mannosephenylhydrazone, 
the remainder being considered to be chiefly fructose. Examining 
vegetable ivory for other constituents, Iwanoff (J. Landw., 1908, 56, 
217) detected small percentages of pentosan and methylpentosan, 
as well as a trace of araban, He also showed that apart from 
mannose, which was present in two modifications, as hemicellulose 
and mannocellulose, no other hexose was present in appreciable 
quantity. One of these celluloses was subsequently shown by 
Pringsheim (Z. physiol. Chem., 1912, 80, 376) to be hydrolysed by 
the action of a bacterial infusion acting on the ivory meal itself, 
giving rise to mannose and a trisaccharide, considered to be a 
trimannose, which was isolated in the form of its phenylosazone. 

The above account shows the position which had been reached 
in the investigation of vegetable ivory when the work proceeding 
in this laboratory on polysaccharides was extended to include the 
mannan occurring in the natural product, and the present paper 
deals with the results so far obtained. The work now described had 
just been completed when a paper covering a portion of the same 
field of research was published by Pringsheim and Seifert (Z. physiol. 
Chem., 1922, 123, 205), who in resuming their work on hemicellu- 
loses undertook a more detailed study of the mannan present in 
vegetable ivory. Taking advantage of a recently devised general 
method due to Schmidt and Graumann (Ber., 1921, 54, [B], 1860) 


alons 
with 
“cle. 
alka! 
isola 


THE MANNAN PRESENT IN VEGETABLE IVORY. 1141 


of using chlorine dioxide for the removal of the incrustive substance 
fom plant products without attacking the carbohydrate present, 
they proceeded to isolate mannan by extracting the “cleaned ” 
residue with 5 per cent. caustic soda. By this means, it appears 
that the mannan present as hemicellulose was extracted, whilst 
the residue consisted of mannocellulose. 

There can be no doubt that the product the above authors obtained 
isnot identical with that isolated in the present investigation where 
asomewhat different method of extraction was adopted. ‘This treat- 
ment consisted in first removing nitrogenous and resinous matter 
along with pentosans from the meal by a preliminary treatment 
with hot 10 per cent. sodium hydroxide and then extracting the 
“cleaned ” material in a series of operations with 20 per cent, 
alkali. A polysaccharide-sodium hydroxide complex was _ first 
isolated by precipitation with alcohol, and subsequently decom- 
posed by dilute acetic acid to give the polysaccharide itself. It is 
obvious that the preliminary treatment would also remove most, if 
not all, the mannan which was collected by Pringsheim as well as 
the products isolated by the earlier workers, as, for example, the 
“levulomannan”’ of Baker and Pope. Whilst Pringsheim’s com- 
pound is the modification of mannan described by Iwanoff as 
hemicellulose, the present research deals essentially with mannan 
in the form of mannocellulose. 

This substance, which will be simply termed ‘“ mannan,” was a 
white powder which required to be heated at 120° in a vacuum 
inorder to be entirely freed from moisture, but which in the ordinary 
course of drying displayed a tendency to form into granules with a 
hard, horny surface. It was obtained practically ash-free, had no 
definite melting point, and did not commence to darken until 210°, 
the substance being almost completely decomposed at 280°. It 
was insoluble in all solvents with the exception of concentrated 
alkali. Like the better known polysaccharides, it conforms to the 
anhydro-type of the general formula (C,H, 0;)z. 

The extraction of vegetable ivory in the way described can 
scarcely give even an approximate idea of its actual content of 
mannan, for besides the amount actually isolated, ranging from 
8—10 per cent. of the original material, a certain amount, of which 
no accurate estimate can be made, is lost in the preliminary treat- 
ment with sodium hydroxide. Moreover, it was found that the 
extracted residue still contains mannan to the extent of 1:5—2 per 
cent. of the original weight of meal. It will be seen from these 
figures, however, that the content of mannan is much greater than 
would be gathered from the amount (4 per cent.) of crystalline 
mannose obtainable by the direct hydrolysis of vegetable ivory in 
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the manner recommended by Hudson (J. Amer. Chem. Soc., 1917, 
39, 470). The discrepancy is readily accounted for by the fact 
that the drastic conditions required to attack the material ang 
effect hydrolysis militate against good yields of crystalline sugar, 

So far as can be ascertained, mannan is based entirely on mannose 
residues, no other sugar or its derivative having been detected jp 
the course of investigations on (i) the direct hydrolysis of the poly. 
saccharide by aqueous acid, (ii) the hydrolysis of the polysaccharide 
by means of acid methyl alcohol, (iii) the decomposition of the 
triacetate by means of acid methyl] alcohol, and (iv) the hydrolysis 
of methylated mannan. 

Unfortunately, the quantitative aspect of this work was greatly 
hampered by the extraordinary stability of the polysaccharide, 
This may be partly due to its physical condition, the horny surface 
covering the grains being extremely resistant to attack. From the 
purely quantitative point of view, the most satisfactory result was 
that obtained by the direct aqueous hydrolysis of the polysac. 
charide. Some difficulty was experienced in obtaining the mannose 
in a crystalline condition when sulphuric acid was used as the 
hydrolytic agent, but when this was followed by prolonged treatment 
with dilute hydrochloric acid the crystalline sugar was obtained 
readily, the yield being 80 per cent. of the theoretical amount. 

Unlike starch, which is easily converted into methylglucoside by 
heating with acid methyl alcohol, mannan was not readily attacked 
by this agent, and much more drastic conditions than it is necessary 
to employ on the better known polysaccharides were required. 
It was found, however, that such portion of the mannan as took 
part in the hydrolysis was converted entirely into methylmannoside, 
which readily crystallised as being largely of the «-form. The 
major portion of the polysaccharide was unaffected by this treat- 
ment, and was recovered unchanged. 

The attempt made to bring about a quantitative conversion of 
the polysaccharide to methylmannoside by first preparing its 
triacetate and subsequently hydrolysing this by means of acid 
methyl alcohol was equally unsuccessful. In this case also, the 
substance showed marked stability towards the usual acetylating 
reagents. The method of Barnett (J. Soc. Chem. Ind., 1921, 40, 
8T), which depends on the use of sulphuryl chloride, was found to 
be more satisfactory than those involving zinc chloride and sulph- 
uric acid as catalysts. Before these latter become operative the 
temperature has to be elevated to an extent which results in decom- 
position and hydrolysis. Even under the best conditions, the 
acetylation could not be made to proceed quantitatively, there 
being always a large percentage of mannan which resisted pro- 
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Jonged attack. The product of the reaction was a white, amor- 
phous solid, melting indefinitely at 128—145°, which corresponded 
in composition to mannan triacetate, C,H,0;(CO-CHs),. 

Once obtained, this substance was readily and quantitatively 
convertible into methylmannoside, which, as before, crystallised at 
once, the «-form being in large excess. 

The further investigation of mannan was concerned with the two 
hasic factors of its constitution, namely, the type of sugar (stable 
form or y-form) to which the hexose units conform and the manner 
in which these units are combined. ‘To solve both aspects of the 
constitutional problem, recourse must be made to methylation, 
the application of which process has been fully discussed in previous 
papers issued from this laboratory, and need not be detailed here. 
Mannan, on being subjected to repeated alkylations by means of 
methyl sulphate and sodium hydroxide, yielded a substance cor- 
responding to a dimethyl mannan after four treatments. Three 
further operations raised the methoxyl content to 41 per cent., 
after which stage it became difficult to methylate further. In the 
course of three final alkylations, the methoxyl content of the 
isolated product reached 42°6 per cent., the substance then cor- 
responding closely to a trimethyl mannan. This was obtained in 
the form of a slightly yellow, amorphous, somewhat hygroscopic 
powder, which was insoluble in ether, but soluble in chloroform, 
ethyl acetate, acetone, or benzene, and displayed a marked tendency 
to form a jelly in these solvents, particularly in chloroform. 

It was hoped that some idea of the number of anhydro-hexose 
units constituting mannan would be obtainable from the molecular 
weight of methylated mannan, but this property of readily forming 
jellies with solvents prevented any trustworthy determination 
being made, and the figures which resulted varied over a very 
wide range. ‘The peculiar behaviour of the substance would sug- 
gest, however, either exceedingly large molecules, or a high degree 
of polymerisation of simple units. 

For some reason which has not yet been elucidated, the methyl- 
ated mannan, when treated in the usual way, and afterwards more 
drastically, with acid methyl] alcohol, failed to give a quantitative 
yield of the corresponding methylated methylmannoside, so that 
the resulting syrup was ultimately hydrolysed by aqueous acid to 
give the corresponding methylated mannoses. Analysis showed 
that the substance thus obtained was almost wholly trimethyl 
mannose, C,H,O,(OMe);, and its further investigation as described 
in the experimental part proves that the material was not a mixture 
of alkylated mannoses varying from tetramethyl mannose to 
dimethyl mannose, and giving the average composition of a trimethyl 
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hexose. This particular trimethyl mannose, which was not further 
purified by distillation, was an almost colourless, fairly viscous, 
leevorotatory syrup. 

The lzvorotation of trimethyl mannose was unexpected ; all other 
mannose derivatives encountered in the course of the investigation 
being dextrorotatory. A possible interpretation would have been 
to suppose that this particular compound belonged to the y-type, 
but against this view is to be placed the marked stability of the 
polysaccharide itself, which, if based on y-mannose residues, would 
be expected to undergo hydrolysis easily. The nature of the 
trimethyl mannose under examination was readily determined by 
its conversion in two stages, both of which involved almost quantita. 
tive reactions, to crystalline tetramethyl «-methylmannoside, which 
is regarded as the best reference substance of the stable type of 
mannose. The whole of the mannose residues were thus shown to 
conform to the ordinary or stable type. 


Discussion of Results. 


The foregoing results need be discussed only in so far as they 
throw light on the constitution of mannan, which conforms to 
the ordinary type of polysaccharide of the general formula 
(C,H,90;)z, where x, to judge from the behaviour of the substance 
itself as well as its fully methylated derivative, must be very large. 
All the reactions conducted on the substance have yielded mannose 
or derivatives of mannose, no other sugar having been detected. 
Despite the fact that the weighable quantities of products obtained 
from these reactions fall short of the theoretical amount required 
on the basis of mannan being composed entirely of mannose residues, 
the results seem to justify the conclusion that the polysaccharide is 
wholly a polyanhydro-mannose. Moreover, the fact that the 
hydrolysis of trimethyl mannan led simply to a trimethyl mannose 
and not to a mixture ranging from tetramethyl mannose to dimethyl 
mannose, proves that each hexose molecule loses two hydroxyl 
groups in forming the polysaccharide, leaving the remaining three 
hydroxyls free for methylation. Again, since trimethyl mannose 
was entirely convertible to the tetramethyl methylmannoside, 
identical with that obtained by the methylation of «-methyl- 
mannoside, it is evident that all the mannose residues conform to 
the stable type of sugar. 

These facts alone, however, are insufficient to establish the con- 
stitution of the polysaccharide, for as yet nothing can be said on 
the question whether the trimethyl mannose is a single individual 
or a mixture of isomerides differing in the position of the methy! 
groups. Both the sugar and its corresponding methylmannoside 
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were syrups which did not crystallise, and so the individual nature 
of the sugar itself is not as easily determined as in the case of starch 
and cellulose, which under similar conditions yield a crystalline 
trimethyl glucose. Then, again, information on the orientation of 
the methyl groups in trimethyl mannose is not yet available, so 
that nothing can be deduced as to the manner in which the hexose 
residues are united. 

The further investigation of mannan will be continued in the 
direction of providing the necessary data on these two fundamental 
points, whilst the possibility is not overlooked that there may exist 
a disaccharide—related to mannan as maltose is to starch or as 
cellobiose is to cellulose—the constitution of which would also have 
important bearing on this structural problem. It is obvious, there- 
fore, that, with so many essentials lacking, it would be idle to assign 
even a provisional constitution to mannan, on the basis of the 
results obtained up to the present time. 


EXPERIMENTAL. 

The Preparation of Mannan.—Vegetable ivory meal was first 
subjected to a preliminary treatment with five times its weight of 
10 per cent. sodium hydroxide for half an hour, and was freed thereby 
from a large quantity of tarry and resinous material. The black, 
alkaline liquor was filtered off through fine copper gauze and the 
residual meal carefully washed with hot water. To this residue 
was added five times its weight of 20 per cent. sodium hydroxide, 
which was boiled for half an hour, when the solution was again 
filtered, and about one-third of its volume of rectified spirits 
added to throw down the sodium hydroxide—polysaccharide complex 
as a light, gelatinous precipitate. After carefully filtering off this 
substance and washing with rectified spirits, it was dissolved in 
hot water and dilute acetic acid added until the whole was just acid. 
On boiling for a few minutes, the polysaccharide itself was pre- 
cipitated as a white powder. By repeating this sodium hydroxide 
extraction process on the residual meal, a further amount of sub- 
stance was obtained and material could still be extracted even 
after repeating the operation on the meal eight times. After that, 
however, the yield of substance became so small as to make the 
continued extraction not worth the extra time and labour expended. 

The product from the first two or three extractions discoloured 
on drying owing to the presence of impurities, and so it became 
necessary to repeat the alkali extraction on the substance itself to 
obtain a pure ash-free product. The yield of mannan was 8—10 
per cent. of the original dry meal (Found: C = 44°57; H = 6°30. 
C.H,.0,; requires C = 44°44; H = 6°17 per cent.). 
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Aqueous Hydrolysis of Mannan.—Five grams of pure mannan wer 
hydrolysed under the conditions employed by Hudson (loc. cit, 
on ivory meal. With the exception of a small residue, the whol 
gradually passed into solution. The acid was neutralised with 
barium carbonate, the precipitated barium sulphate filtered off 
and the excess solvent removed under diminished pressure, yielding 
as product a clear, stiff, yellow syrup, [«]p) -+ 3°9° in water, 
Nucleation of the syrup, dissolved in a small quantity of absolute 
alcohol and glacial acetic acid, failed to induce crystallisation, 
even after long standing. 

Condensation with aniline after the manner of Irvine and MeNicoll 
(T., 1910, 97, 1449), which with pure mannose proceeds quantita- 
tively, applied to 1 gram of syrup, yielded 0°45 gram of crystalline 
mannoseanilide (m. p. 181°), corresponding to a content of 33 per 
cent. of mannose. Considering that the low percentage of mannose 
may have been due to the sulphuric acid having caused some 
liberated mannose to condense with itself, it was decided to con- 
tinue the hydrolysis using dilute hydrochloric acid, the whole of the 
syrup being now treated with 5 per cent. acid for eighteen hours, 
By this means the specific rotation was raised to -+- 10°, and on 
allowing the isolated syrup to stand it slowly solidified to a hard, 
crystalline mass. Yield = 4 grams. When this hard solid was 
broken up and carefully washed with glacial acetic acid, white 
crystals of mannose of m. p. 131—133° resulted. 

Hydrolysis of Extracted Residue.—In order to determine the equiva- 
lent of mannose present in the exhausted residue, 6 grams of this 
material were hydrolysed by the same method as was applied to 
mannan. A small amount remained insoluble after hydrolysis with 
sulphuric acid, whilst the subsequent treatment with hydrochloric 
acid threw down an appreciable quantity of black, humus-like 
material. The process yielded a stiff syrup strongly reducing 
towards Fehling’s solution, but which failed to crystallise. Yield 
about 70 per cent. of the weight of the original material. 

Condensation with aniline applied to 1 gram of syrup yielded 
0°22 gram of mannoseanilide, indicating that 16 per cent. of the 
syrup existed as free mannose. Whilst the reaction with aniline 
proceeds nearly quantitatively with pure mannose, nothing is 
definitely known as to how far the presence of other syrup inhibits 
the condensation, so that the percentage given must be regarded 
as a minimum. 

Preparation of Mannan T'riacetate—In a typical experiment, using 
Barnett’s method, 4 grams of mannan were vigorously stirred in a 
mixture of 25 c.c. of acetic acid and 30 c.c. of acetic anhydride con- 
taining sulphury] chloride as catalyst, the temperature being main- 
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Fiained at 70°. It was found advisable to renew the supply of 
sulphur dioxide and chlorine every four hours, for the action was 
extremely slow, little more than 1 gram of substance having been 
reacted upon in twenty-four hours. Isolating in the usual way 
at the end of this period, 1°6 grams of mannan triacetate were 
obtained in the form of a white, amorphous powder, of indefinite 
melting point, 128—145°, and [«], — 3°0° in chloroform [Found : 
¢=49°'79; H= 5°63. C,H,0;(CO-CH;), requires C = 50°00; 
H = 5°55 per cent. |]. 

An acetyl estimation by titration with standard sodium hydr- 
oxide, in which correction by a control experiment had to be made 
for the partial solubility of the “regenerated mannan ”’ in alkali, 
gave CH,'CO = 44-7, 44°4 per cent. [C,H,0;(CO-CH3;), requires 
00-CH, = 44°8 per cent.]. 

Hydrolysis of Triacectate to Methylmannoside—Two grams of 
mannan triacetate were hydrolysed by means of methyl alcohol 
containing 1 per cent. of hydrogen chloride, heated to boiling point 
under a reflux condenser. The acetate slowly passed into solution 
and the reaction was completed in eighteen hours, yielding a viscous, 
non-reducing syrup which quickly crystallised; [«], -+- 68°6° in 
water [Found: OMe = 15°5. Methylmannoside, C,H,,0,;(OMe) 
requires OMe = 15°9 per cent.]. The crystals, washed free from 
the small quantity of adhering syrup ($-methylmannoside) by 
means of cold methyl] alcohol, melted at 189° and did not depress the 
melting point of an authentic specimen of «-methylmannoside. 
Total yield of methylmannoside («- and {-) obtained = 95 per cent. 
of the theoretical. 

Hydrolysis of Mannan to Methylmannoside.—Milder conditions 
having failed to produce any result, 2 grams of mannan were heated 
ina sealed tube at a temperature of 140° for seventy-two hours with 
methyl alcohol containing 7°5 per cent. of hydrogen chloride. In 
that time a dark brown solution had formed, while more than half 
of the original material remained unchanged. The product from 
the aleoholic solution was a stiff, non-reducing syrup which crystal- 
lised readily when nucleated with a specimen of «-methylmannos- 
ide; [«]) + 74:0° in ethyl alcohol (Found : OMe = 14°4 per cent.). 

Preparation of Trimethyl Mannan.—Mannan, of which 12 grams 
were used, was dissolved in 25 c.c. of boiling sodium hydroxide 
(40 per cent.), and after cooling was methylated under the same 
conditions as were applied to inulin (Irvine and Steele, T., 1920, 
117, 1474). The product was isolated along with sodium methyl 
sulphate by exactly neutralising with dilute hydrochloric acid, 
taking to dryness under diminished pressure, and then extracting 
the residue with rectified spirits. The extract was methylated in 
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the same way three times more, when the substance of methoxy] 
content equal to 33 per cent. became soluble in chloroform. This 
solvent was used for extracting the methylated mannan from 


inorganic material in the three further alkylations, which sufficed J 


to raise the amount of methoxyl to 41 per cent. As the percentage 
of methoxyl increased, the substance increased its tendency to form 
a jelly in solvents, which fact made its manipulation exceedingly 
difficult, and loss of product unavoidable. The process of methyl. 
ation was finally repeated three times, making ten methylations 
in all, when the product attained to a methoxyl content of 42°6 per 
cent. Yield = 5 grams. 

Hydrolysis of Trimethyl Mannan. Trimethyl Mannose.—A 
hydrolysis with acid methy] alcohol to produce a methylated methyl. 
mannoside was first attempted. The substance was dissolved in 
methyl alcohol containing 1°8 per cent. of acid, and boiled under the 
reflux condenser for forty-two hours. At the end of this period, 
the isolated product was a fairly mobile syrup, the analytical figures 
for which did not correspond, however, to a quantitative con- 
version of trimethyl mannan to trimethyl methylmannoside. More 
drastic conditions such as the prolonged action of 1 per cent. acid 
methyl alcohol in a sealed tube at 100°, and treatment with methyl 
alcohol saturated with hydrogen chloride, did not give the expected 
product. The syrup was therefore submitted to aqueous hydrolysis 
with 8 per cent. hydrochloric acid, the action of which was complete 
in one hour. After neutralising with lead carbonate, removing 
the precipitate, and evaporating the filtrate to dryness under 
diminished pressure, the residue was extracted with chloroform. 
The solution, having been filtered from inorganic material, was 
evaporated, leaving a fairly viscous, yellow syrup, mp 1°4780, [a], 
— 5°8° m water [Found : for the undistilled material, C = 48°44; 
H = 830; OMe= 39-4. (C,H,O,(OMe), requires C = 48°64; 
H = 8:10; OMe = 41°9 per cent.]. 

To show that this substance, corresponding so nearly in composi- 
tion to a trimethyl mannose, was not a mixture ranging from 
tetramethyl mannose to dimethyl mannose with its constituents in 
such proportions as to possess this same composition, the whole 
of the syrup was dissolved in 40 c.c. of water and extracted several 
times in a separating funnel with 10—15 c.c. of chloroform, a process 
which removes all the tetramethyl hexose together with a very 
slight amount of trimethyl hexose from a mixture of the two. 
Only 8 per cent. of the whole syrup was thus extractable, but neither 
this extract, nor that part of it soluble in boiling light petroleum, 
corresponded to tetramethyl mannose. This latter sugar is known 
to form a well-defined, crystalline anilide on condensation with 
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aniline, but on conducting the condensation with the extracted 
syrup, no such compound resulted. 


Conversion of Trimethyl Mannose to Crystalline Tetramethyl 
a-Methylmannoside. 

Stage I. Condensation with Methyl Alcohol—The syrup not 
extractable by chloroform in the last operation was condensed with 
methyl alcohol containing 0°5 per cent. of hydrogen chloride, the 
reaction being conducted in a sealed tube at 100° for eighteen hours, 
in which period a constant specific rotation was attained of + 44°7°. 
Isolating the product in the usual manner, and using chloroform 
as its final solvent, it was found to be a mobile, nearly colourless 
syrup, which distilled to the extent of 95 per cent. of its weight at 
a pressure of 0°6 mm. and a bath temperature of 135—140°. The 
colourless, mobile distillate was almost wholly composed of trimethy | 
methylmannoside, [«}, -++ 43°2° in methyl alcohol, np 1°4616 
(Found: OMe = 49°6. ‘Trimethyl methylmannoside requires 
OMe = 52°4 per cent.). 

Dimethyl methylmannoside was apparently present in the residue 
(OMe = 45:3 per cent.) and a slight amount of this substance would 
be associated with the distillate. 

Stage II. Methylation—The mannoside was twice methylated by 
means of silver oxide (3 mols.) and methyl iodide (6 mols.), the 
product being then isolated and distilled. In this way, tetramethyl 
methylmannoside was obtained, in practically quantitatiye amount, 
as an extremely mobile, colourless syrup, b. p. 105—108°/0°4 mm., 
ny 1°4464 (Found: OMe = 60°0. Tetramethyl methylmannoside 
requires OMe = 62°5 per cent.). This syrup crystallised at once on 
nucleation with a specimen of tetramethyl «-methylmannoside. 
After draining on tile to remove the slight amount of the syrupy 
#-isomeride, the crystals melted at 37—38°, identical with. the 
recorded figure for tetramethyl «-methylmannoside. 


In conclusion, the author wishes to express his most grateful 
thanks to Principal Irvine, who suggested the topic, for his kindly 
advice and keen interest in the work, and also to the Department of 
Scientific and Industrial Research for a grant which enabled him 
to pursue the investigation. 
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CXXX.—Imino-aryl Ethers. Part II. The Thermal 
Deconvposition of N-Arylaryliminoaryl — Ether 
Hydrochlorides. 

By ArTHUR WILLIAM CHAPMAN. 


In a previous communication (T., 1922, 121, 1676), the formation 
of the anil of benzoylresorcinol (III) on heating the hydrochloride 
of N-phenylbenzimino-m-hydroxyphenyl ether (I) was described, 
It was suggested that this reaction takes place in two stages, the 
first being the decomposition of the imino-ether hydrochloride into 
resorcinol and benzanilideiminochloride (II), the ketone anil being 
then produced by direct substitution in the nucleus : 
PhC:NPh 
(Yocrh  _, (NOH PhOC] _ 
a4 NPh,HCl a + 
OH OH 
(I.) 
In order to confirm this suggestion, it appeared desirable to 


investigate the behaviour of other members of the same series, | 


and for this purpose the hydrochlorides of N-phenyl- (IV) and 


N-p-tolyl-benziminopheny! ethers (V) were chosen. 


OPh _-OPh NHPh 
Pho< Phco< PhC<N ph, HCI 


NPh,HCl N-C,H,,HCl 
(IV.) (V.) (VI.) 


These imino-ethers had been previously prepared by Hantzsch 
(Ber., 1893, 26, 926), who also obtained, but did not study, their 
hydrochlorides. 

For this investigation, the imino-ethers were prepared by 
Hantzsch’s method, and also by the modification employed by 
the present author (loc. cit.) in the case of N-phenylbenzimino-m- 
hydroxyphenyl ether. The hydrochlorides were obtained pure by 
passing dry hydrogen chloride into ethereal or benzene solutions 
of the respective imino-ethers. 

A series of experiments was then carried out in which samples 
of N-phenylbenziminophenyl] ether hydrochloride (IV) were heated 
for times varying from one to two hours at 150—170°. During 
the early part of the heating, hydrogen chloride was evolved. 
The most important product was the free imino-ether. The yields 
of pure material varied from 18 to 37 per cent. of the calculated 
amount. When allowance is made for the loss of imino-ether 
involved in its separation from the other substances, a 50 per cent. 
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yield is probably a safe estimate in the more favourable cases. 
The product of next importance was the hydrochloride of diphenyl- 
benzenylamidine (VI), which was identified by conversion into the 
free base and direct comparison with an authentic specimen. The 
yield varied considerably, but averaged 18 per cent. A deposit 
of phenol was always observed on the sides of the reaction tube. 
Small traces of benzanilide and of phenyl benzoate were also found 
in some Cases. 

In contrast to N-phenylbenzimino-m-hydroxyphenyl] ether hydro- 
chloride, hydrolysis with hydrochloric acid of the melt obtained 
after heating N-phenylbenziminopheny! ether hydrochloride yielded 
no hydroxybenzophenone; an observation which has its analogy 
in the circumstance that phenol does not undergo the Hoesch 
reaction with benzonitrile. 

When a mixture of benzanilideiminochloride and phenol in 
molecular proportions was heated under similar conditions, it 
yielded a series of products identical with that from N-pheny]l- 
benziminophenyl ether hydrochloride. 

A similar series of experiments on N-p-tolylbenziminophenyl 
ether hydrochloride gave completely analogous results, the products 
f being N-p-tolylbenziminophenyl ether, di-p-tolylbenzenylamidine 
hydrochloride, ben#o-p-toluidide, phenol, and hydrogen chloride. 

If these imino-ether hydrochlorides on heating undergo decom- 
position into phenol and the anilideiminochlorides, the formation 
of the free imino-ethers and of the small quantities of anilides can 
readily be explained. The former will be produced by recombina- 
tion of the iminochloride and phenol with the evolution of hydrogen 
chloride at the high temperature, 

NPh 


PhocNED-HC! _. pao<(y" + HOPh —> PhC<Opp + HCl, 


and the latter by the action of traces of water on residual unchanged 
iminochloride during the working up of the products : 


Pho<NPh | H,0 —> Ph-CO-NHPh + HCl. 


No completely satisfactory explanation of the formation of the 
amidine hydrochlorides has been found, and this question is 
undergoing further investigation. 

Whilst the observations on the two imino-phenyl ethers were 
thus in accordance with the view that their hydrochlorides decom- 
pose on heating into phenol and the anilideiminochlorides, it 
seemed desirable to obtain direct experimental proof of the sugges- 
tion. For this purpose, advantage was taken of the difference in 
the boiling points of phenol and benzanilideiminochloride. 

RR2 
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A quantity of N-phenylbenziminophenyl ether hydrochloride 
was heated under reduced pressure in a current of dry hydrogen 
chloride, the object of the latter being to keep any reformed imino. 
ether in the state of its hydrochloride. This treatment yielded 
four fractions of distillate, which were examined by conversion into 
crystalline derivatives. The first fraction contained phenol and 
some imino-ether. The imino-ether was probably formed as 
hydrochloride by condensation of phenol in the receiver with 
benzanilideiminochloride vapour carried over with it. For quan. 
titative purposes, therefore, the imino-ether was considered as 
representing the corresponding weights of phenol and benzanilide. 
iminochloride. The second and third fractions consisted of benz. 
anilideiminochloride, but the composition of the small fourth 
fraction of high boiling point could not be completely determined. 
Apparently it contained benzanilideiminochloride and the corre. 
sponding imino-ether. 

In the two distillation experiments performed, the total yields 
of benzanilideiminochloride were 63 and 52 per cent., and of 
phenol 33 and 35 per cent., of that calculated from the quantity of 
imino-ether hydrochloride employed. 

It would seem, therefore, that the main first products of the 
thermal decomposition of N-arylaryliminoaryl ether hydrochlorides 
are the corresponding phenols and anilideiminochlorides : 

Ar Carn —> aro<Nar’ + Hoar”. 

It appears probable that this type of decomposition is charac- 
teristic of the hydrochlorides of imino-aryl ethers in general; 
whereas the hydrochlorides of imino-alkyl ethers decompose on 
heating into the corresponding amides and alky] chlorides (compare 
Pinner, ‘‘ Die Imidoaether,” 1892; Lander, T., 1901, 79, 690; 
1902, 81, 591; 1903, 83, 320, 766) : 


og —> R’CO-NHR” + R’Cl. 


In view of this contrast, the investigation is being extended to 
other classes of imino-aryl ethers which do not appear to have been 
previously prepared. 


EXPERIMENTAL. 
N-Phenylbenziminophenyl Ether Hydrochloride.—N-Phenylbenz- 
iminophenyl ether (15 grams) was dissolved in cold dry benzene 
(150 c.c.) and a current of dry hydrogen chloride passed into the 
solution. The hydrochloride was precipitated as a pale yellow, 
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erystalline powder (yield 75 to 80 per cent. of the theoretical) and 
was dried in a vacuum desiccator over sulphuric acid and solid 
sodium hydroxide. It melted at 130—132° with decomposition, 
and was analysed by repeated extraction with hot dilute nitric 
aid and estimation of the hydrochioric acid in the combined 
filtrates (Found: HCl=11°8. C,,H,;ON,HCl requires HCl = 
]1'8 per cent.). 

Separation of the Products of Heating N-Phenylbenziminophenyl 
ther Hydrochloride——Numerous experiments were performed, all 
the results being in agreement. One separation only is described. 

N-Phenylbenziminophenyl ether hydrochloride (6 grams) was 
heated in an oil-bath at 160—170°, a gentle stream of carbon dioxide 
being passed through the tube to carry off the hydrogen chloride 
and prevent the darkening which occurred when the heating was 
done in the air. The hydrochloride melted and evolved hydrogen 
chloride during the first half-hour. A slight deposit of phenol 
formed on the cool upper walls of the tube. After one hour, the 
brown melt was cooled and extracted with hot benzene. The 
residue (0°60 gram) was a yellow, crystalline powder, the hydro- 
chloride of a base. It was converted into the free base, which 
crystallised in beautiful prisms (m. p. 146—147°) identical with 
an authentic sample of diphenylbenzenylamidine. The benzene 
extract was evaporated and the residue crystallised from alcohol, 
yielding N-phenylbenziminophenyl! ether (0°96 gram, m. p. 102— 
103°), which on recrystallisation melted at 104—105°, and was 
identical with an authentic specimen. The mother-liquors on 
evaporation and extraction with ether yielded a further quantity 
of diphenylbenzenylamidine hydrochloride (0°52 gram), which had 
probably dissolved in the benzene. The ether extract was saturated 
with hydrogen chloride and filtered from precipitated hydro- 
chlorides. It was not found possible to work up the precipitate 
any further. The ethereal filtrate, on evaporation and crystallisa- 
tin from alcohol, yielded a very small quantity of benzanilide 
(m. p. 161—162° and not depressing the melting point of an 
authentic specimen). 

The Interaction of Benzanilideiminochloride and Phenol at 
150—160°.—A mixture of benzanilideiminochloride (6°5 grams) 
and phenol (3 grams) was heated at 150—160° in a slow current of 
carbon dioxide. Fusion to a clear melt took place and hydrogen 
chloride was evolved. After two hours’ heating, the melt was 
cooled and worked up in the same way as the heated imino-ether 
hydrochloride, when it gave an identical series of products in 
similar yields. ; 

N-p-Tolylbenziminophenyl Ether Hydrochloride——Dry hydrogen 


on 
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chloride was passed through a solution of N-p-tolylbenzimino. 
phenyl ether (15 grams) in cold benzene (200 c.c.). The hydro. 
chloride was precipitated from solution by dry ether (500 c.c.) as 
a viscous oil which rapidly crystallised. When completely 
crystalline, it was dried in a vacuum desiccator over sulphuric 
acid and solid sodium hydroxide (yield 15 grams). The hydro. 
chloride is a pale yellow, crystalline solid melting at 132—134° 
with decomposition (Found: HCl = 11°37. CO, H,,ON,HC! 
requires HCl = 11-27 per cent.). 

Separation of the Products of Heating N-p-Tolylbenziminophenyl 
Ether Hydrochloride. — N-p-Tolylbenziminophenyl ether hydro. 
chloride (6 grams) was heated for one hour and a half at 160—170° 
in a slow current of carbon dioxide. The products were worked 
up in the same way as those from N-phenylbenziminopheny] ether, 
and.were found to be (in two separate experiments) free imino-ether 
(1°72 grams and 1:11 grams), di-p-tolylbenzenylamidine hydro. 
chloride (0:2 gram and 0°77 gram), and benzo-p-toluidide (0°25 gram 
and 0°10 gram). 

Distillation of N-Phenylbenziminophenyl Ether Hydrochloride in 


a Current of Hydrogen Chloride—Dry hydrogen chloride was led | 
through a large bottle to minimise pressure changes, and thence | 


by means of a capillary tube into a Claisen flask containing the 
heated imino-ether hydrochloride (8 grams). During the first 
stage of the distillation, heating was effected by an oil-bath gradually 
raised from 160° to 200°. For subsequent fractions, a naked 
flame was employed. 

Fraction 1 (1°6 grams, b. p. 66—87°/32 mm.) was a viscous, pale 
brown oil smelling strongly of phenol. It was extracted with 
aqueous sodium hydroxide and filtered. The filtrate, shaken with 
excess of benzoyl chloride, yielded phenyl benzoate (1:08 grams; 


m. p. 65—68°; melted at 68—69° on crystallisation from alcohol). | 


The residue insoluble in sodium hydroxide was slightly impure 
iminoether (0°85 gram; m. p. 95—97°; melted at 105° on 
crystallisation from alcohol). 

Fraction 2 (1:2 grams, b. p. 87—215°/42 mm.) consisted of very 
sticky, yellow plates. On treatment with hot water, it fused and 
then set to a white solid (0°8 gram, m. p. 140—150°) which on 
crystallisation from alcohol yielded benzanilide (0°42 gram, m. Pp. 
161°). 

Fraction 3 (2 grams, b. p. 214—230°/44 mm., mainly between 


214° and 216°) consisted of pale yellow, sticky crystals. It was | 
heated with excess of aniline, extracted with boiling dilute hydro- 9; 


chloric acid, and the extract made alkaline with sodium hydroxide. 
The precipitate (2°43 grams, m. p. 140°) yielded pure diphenyl- 
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henzenylamidine (1°31 grams, m. p. 146—147°) on crystallisation 
fom alcohol. 

Fraction 4 (1°5 grams, b. p. 230—240°/42 mm.) consisted of 
ownish-yellow crystals. Attempts to separate the constituents 
of this fraction met with no success. 


ydro- #@ In a duplicate experiment, fraction 2 was treated with aniline, 
-134 Bi vielding diphenylbenzenylamidine, and fraction 3 with water, 


HC! yielding benzanilide, thus showing that these fractions each gave 


both derivatives characteristic of the imino-chloride. 
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The author wishes to acknowledge his indebtedness to Dr. J. 
Kenner for the suggestion of the mechanism of the decomposition. 
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CXXXI.—The Action of Hypochlorous Acid on 
Bornylene. 
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By Grorce GrRALD HENDERSON and JoHN ALEXANDER MarR. 


Txz work described in this paper was undertaken with the object 
of comparing the behaviour of bornylene towards hypochlorous 
aid with that of camphene, and further of ascertaining if the 
chlorohydrin, which presumably would be produced, was a chloro- 
borneol or a chloroepiborneol, or possibly a mixture of both. 


pale # It has been shown in a former communication (Henderson, 
vith @ Heilbron, and Howie, T., 1914, 105, 1367) that dilute aqueous 
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lypochlorous acid converts camphene practically quantitatively 
into a crystalline chlorohydrin, m. p. 93°, which when heated with 
ine and alcohol yields isoborneol, and therefore is a chlorovzso- 
borneol. Oxidation with chromic anhydride converts the chloro- 
hydrin into a chloro-ketone, m. p. 132°, from which camphor is 
obtained on treatment with zine and alcohol, and which conse- 
q quently must be a chlorocamphor, possibly 8-chlorocamphor. The 
ation of hypochlorous acid on bornylene has been found less 
simple than on camphene, for although bornylene chlorohydrin is 
formed, that is not the sole product. On the contrary, the solid 
dbtained as a result of the reaction is a mixture of, at any rate, 
q ‘bree different compounds. The separation of the constituents of 
this mixture was very troublesome, but ultimately we succeeded in 
isolating two of them—bornylene chlorohydrin and a chloro- 
tamphane—in a fairly pure state. 

Bornylene chlorohydrin, CygH,,Cl-OH, is a soft, crystalline solid, 
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m. p. 99—101°, which yields a crystalline p-nitrobenzoate, m. p. 152°. 
When heated with zinc and alcohol, it is converted into borneol, 
which was identified by determination of its melting point and of 
that of its p-nitrobenzoate. Hence the chlorohydrin is shown to 
be a chloroborneol. 

When oxidised with chromic anhydride, bornylene chlorohydrin 
yields a chloro-ketone, which was found to be identical with the 
chlorocamphor produced by the oxidation of camphene chloro. 
hydrin (chloroisoborneol). This result was to be expected, because 
both borneol and isoborneol yield camphor on oxidation. 

Camphene chlorohydrin yields isocamphenilanaldehyde when 
heated with alcoholic potassium hydroxide, or with moist silver 
oxide in presence of ether, but the action of these reagents on 
bornylene chlorohydrin takes a different course. Instead of an 
aldehyde, a compound is formed which reacts with p-nitrobenzoyl 
chloride to give a crystalline di-p-nitrobenzoate, m. p. 103—105°, 
and presumably is a glycol, C,gH,,(OH),. Unfortunately, the 
quantity obtained was so small that we could do little more than 
prepare the nitrobenzoate of this compound. 

It appeared not impossible that an isomeric chlorohydrin—a 
chloroepiborneol—might also have been formed by the addition 
of hypochlorous acid to bornylene, but we did not succeed in 
isolating any such compound from the products of the reaction. 

One of the other chloro-compounds which are produced along 
with bornylene chlorohydrin by the method described is a crystal- 
line solid which has the composition C,)H,,Cl. It is a fully 
saturated compound, and as it yields camphene when heated 
with zine and alcohol it must be a chlorocamphane. The purification 
of this substance being very difficult, it is probable that our 
specimen still contained a little of a more highly chlorinated com- 
pound, and therefore the melting point observed, 71—73°, is 
probably not that of the pure compound. 

Determination of chlorine in the residual product from which 
the chlorohydrin and the chlorocamphane had been separated 
indicated the presence of a third compound containing a higher 
percentage of chlorine. This substance was not isolated in the pure 
state, but at the same time a specimen which still contained some 
chlorocamphane was also found to be converted into camphane 
when heated with zinc and alcohol. Taking this fact, as well as 
the results of analysis, into account, it seems probable that a 
dichlorocamphane, C,)H,,Cl,, was present. 

These results are somewhat similar to those obtained by Slawinski 
(Bull. Acad. Sci. Cracow, 1905, 491), who separated from the 
product of the action of hypochlorous acid on camphene, not only 
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camphene chlorohydrin, but also a solid camphene dichloride and 
amixture of three liquid chlorocamphenes. 


EXPERIMENTAL. 


Preparation of Bornylene Chlorohydrin.—A solution of 100 grams 
of bornylene in a little light petroleum was agitated with a dilute 
aqueous solution of hypochlorous acid in a large stoppered bottle 
util absorption of the acid was complete. The reaction pro- 
ceeded rapidly at first, the odour of the acid disappearing almost 
at once, and after leaving the mixture to stand for a time the 
aqueous layer was syphoned off, and the bornylene solution shaken 
with a fresh quantity of the solution of the acid. After several 
repetitions of this treatment, the product became denser, and it 
was necessary to add some more light petroleum in order to prevent 


‘AUSE 


vhen 
ilver 
3 on 


a the formation of an emulsion which separated into two layers very 
05°, slowly indeed. Finally, the solution of the product was collected, 
the washed with a little water, dried over anhydrous sodium sulphate, 

and distilled. Each quantity of the aqueous solution withdrawn 


han ; 
from the bottle was saturated with common salt and thoroughly 


extracted with ether, and the residue left on distillation of the 
ethereal solution was added to the main portion. The crude pro- 
duct was freed from a small quantity of oily and resinous admixtures 
by distillation in steam, and after several repetitions of the process 
was obtained in the form of a soft, colourless, crystalline mass, 
which melted at about 75°. Determinations of the melting point 


lly of different fractions, and of the percentage of chlorine contained 
oe them, indicated that the product was not an individual sub- 
= stance but a mixture of the chlorohydrin with at least one, and 
i probably two, other compounds. Fractional distillation in a 
n. g Current of steam effected only a very incomplete separation of these 
i, | constituents, and their extreme solubility in the usual organic 

solvents rendered it difficult to isolate them by fractional crystal- 
, | (jlisation. Ultimately, the chlorohydrin was obtained in a fairly 
.q | Pure condition by preparing a saturated solution of the product 
" in methyl alcohol at the ordinary temperature, leaving the solution 


to stand in the ice-chest for some time, and quickly collecting by 
the aid of the pump the crop of crystals which had been deposited. 
A considerable number of crystallisations carried out in this way 
gave a substance which melted at 99—101°, and as further crystal- 
lisation had little or no effect in raising the melting point, this 
was considered to be the practically pure chlorohydrin (Found : 
Cl = 18-5. CH,,;OCl requires Cl = 18-8 per cent.). 

Bornylene chlorohydrin, Cj >H,gCl-OH, is a soft, colourless, crystal- 
line solid, m. p. 99—101°, with a slight odour resembling that of 
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borneol. It is very sparingly soluble in water, but extremely 
easily soluble in organic solvents, and volatilises very readily jn 
a current of steam. When heated in air, it undergoes partial] 
decomposition. 

The p-nitrobenzoate was prepared by addition of the calculated 
quantity of p-nitrobenzoyl chloride to a solution of the chloro. 
hydrin in ten times its weight of pyridine. A crystalline product 
quickly appeared, and after some hours was collected, washed 
with very dilute sulphuric acid, agitated with dilute aqueous 
sodium carbonate, and crystallised from alcohol. From this 
solvent it separates in colourless, lustrous leaflets, which melt at 
152°. It is readily soluble in ether or in hot alcohol, and less 
soluble in benzene or light petroleum (Found: Cl = 10-3; N = 42. 
C,H» O0,NCl requires Cl = 10-5; N = 4-1 per cent.). 

Preparation of Borneol from Bornylene Chlorohydrin.—A 10 per 
cent. solution of bornylene chlorohydrin in methyl alcohol was 
heated under reflux with zinc dust until the slow reaction had 
come to an end. The solution was filtered, the residue washed 
with methyl alcohol, and the filtrate and washings were mixed 
with water. The oily liquid which separated was extracted with 
ether, the ethereal solution washed with water and dried over 
anhydrous sodium sulphate, the ether removed, and the residue 
distilled in a current of steam. The solid thus obtained was con- 
verted into a p-nitrobenzoate by the method described above, 
and this compound, after purification by crystallisation from alcohol, 
was found to have the same melting point, namely, 137°, as the 
p-nitrobenzoate of borneol. Moreover, on hydrolysis with alcoholic 
potassium hydroxide, it yielded a crystalline alcohol of m. p. 207— 
208°, which undoubtedly was borneol. It is therefore evident that 
“bornylene chlorohydrin” is a chloroborneol, whilst, on the 
other hand, it has been shown that “‘ camphene chlorohydrin ” is 
a chloroisoborneol. 

Oxidation of Bornylene Chlorohydrin.—The chlorohydrin was 
oxidised by means of chromic anhydride in glacial acetic acid 
solution. Oxidation took place fairly readily, and was completed 
by warming the solution on the water-bath. The oxidation product 
was then precipitated by addition of water, collected, and distilled 
in steam, and the solid distillate was converted into a semicarbazone 
in the usual manner. The semicarbazone crystallised from alcohol 
in colourless leaflets and was found to have the melting point 223°, 
practically the same as that of the semicarbazone of the ketone 
obtained by oxidising camphene chlorohydrin in a similar manner 
(Found: Cl = 145; N= 17-4. C,,H,,ON,Cl requires Cl = 146; 
N= 17:3 per cent.). The semicarbazone was decomposed by 
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heating with the calculated quantity of aqueous oxalic acid, and 
the liberated ketone was distilled in a current of steam, collected, 
and purified by crystallisation from methyl alcohol. The chloro- 
ketone thus produced, C,)H,;OCI, crystallises in small, colourless 


lated prisms, m. p. 131—132°. It has only a faint odour, is very easily 
hloro sluble in organic solvents, and is readily volatilised in steam. 


from these results it is evident that this chloro-ketone is identical 
with that obtained by the oxidation of camphene chlorohydrin, 
being in all probability @-chlorocamphor. 

Action of Potassium Hydroxide on Bornylene Chlorohydrin.— 
The chlorohydrin was heated under reflux with a methyl alcoholic 
solution of potassium hydroxide until no further separation of 
potassium chloride took piace, and the solution was then diluted 
with water and extracted with ether. The ethereal solution was 
washed with water and dried over anhydrous sodium sulphate, 
and, after removal of the ether, a viscous liquid was obtained. As 
camphene chlorohydrin had been found to yield an aldehyde under 
similar treatment, part of the product from bornylene chlorohydrin 
was tested with semicarbazide hydrochloride and potassium acetate, 
but no trace of a semicarbazone was formed. To another part, in 
solution in pyridine, p-nitrobenzoyl chloride was added, in the 


due proportion of 2 mols.‘of the reagent to 1 mol. of the product, and 
On- & the liquid was heated on the water-bath for some time. On cool- 
ve, Bf ing, a crystalline solid separated, which, after successive washings 
iol, F with dilute sulphuric acid, water, and dilute aqueous sodium 
the carbonate, was recrystallised from alcohol. Owing to the presence 
lic B of a considerable amount of resinous matter, it was difficult to 
ae purify this substance, the final yield being very poor. A little 
at Bf of the compound was ultimately obtained in the form of a crystal- 
he line, colourless solid, m. p. 103—105°. From the results of analysis 


it appeared to be the di-p-nitrobenzoate of a glycol of the formula 
CoH, .(OH), [Found: N=6-2. (NO,°C,H,°CO,),Cj9H,, requires 
N = 6-0 per cent. ]. 

Another portion of the chlorohydrin in ethereal solution was 
heated for some time under reflux with a slight excess of moist 
silver oxide. As no silver chloride appeared after several days’ 
heating, the ether was distilled off and replaced by ethyl alcohol 
containing a little water. The reaction now proceeded with greater 
rapidity, and when it was completed the product was separated by 
addition of water and extraction with ether, and then converted 
into a p-nitrobenzoate. This was proved to be identical with the 
di-p-nitrobenzoate of the compound obtained by the action of 
alcoholic potassium hydroxide on the chlorohydrin. The total 


quantity of p-nitrobenzoate produced was very small, and conse- 
R R* 2 
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quently we were unable to separate and examine the presumed 
glycol. 

Separation of other Chloro-compounds from the Original Product, — 
As already stated, the product of the action of hypochlorous acid 
on bornylene contains other chloro-compounds in addition to the 
chlorohydrin. Partial separation of the chlorohydrin was effected 
by cooling a solution of the product in methyl alcohol, saturated 
at the ordinary temperature, and from the residual mixture the 
other chloro-compounds were obtained as follows. The mixture 
was dissolved in pyridine and sufficient p-nitrobenzoyl chloride 
added to convert all the chlorohydrin present into the p-nitro- 
benzoate. After the bulk of this ester had crystallised out, the 
solution was decanted and cautiously neutralised with ice-cold 
dilute sulphuric acid. The solid which separated was _ partly 
purified by distillation in a current of steam and finally crystallised 
from methyl alcohol by preparing a saturated solution at the 
ordinary temperature, cooling in the ice chest, and quickly collecting 
the crystals which had been formed. After several repetitions of 
this treatment, a fraction was obtained which melted at 71—73°. 
This fraction was composed of colourless crystals, which have a 
slight odour reminiscent of that of camphor, are extremely easily 
soluble in the usual organic solvents, and volatilise readily in 
steam. The results of analysis pointed to the formula C,9H,,(l 
(Found: Cl = 20-8. Calc., Cl = 20-6 per cent.). The compound 
is not readily attacked by alcoholic potassium hydroxide, and 
towards bromine and potassium permanganate behaves as a 
saturated substance. Hence we concluded that it must be a chloro- 
camphane. This view was confirmed by heating it under reflux 
with zinc dust and alcohol until the reaction was complete, when 
the product, after purification by steam distillation and crystal 
lisation from alcohol, was found to be a saturated hydrocarbon of 
m. p. 153°, which undoubtedly was camphane. 

The quantity of this chlorocamphane in our hands was too 
small to permit of complete purification, and our specimen certainly 
contained a small proportion of a more highly chlorinated substance. 
Hence the melting point observed cannot be regarded as that of 
the pure chlorocamphane. 

The more soluble part, from which this compound had been 
separated, was not further purified, owing to lack of material, but 
analysis showed the probable presence of a dichlorocamphane 
mixed with some of the monochlorocamphane. Thus one fraction 
was found to contain 29-9 per cent. of chlorine, whilst Cy)H,6Cl, 
requires Cl = 34-3 per cent. Moreover, this more soluble portion 
was also found to yield camphane on treatment with zinc dust 
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and alcohol. Hence it may be concluded that a chlorocamphane 
and a dichlorocamphane, C, 9H,,Cl,, are formed in addition to the 
chlorohydrin by the action of hypochlorous acid on bornylene. 


We are indebted to the Department of Scientific and Industrial 
Research for enabling one of us (J. A. M.) to take part in this work, 
and to the Carnegie Trust for a grant which defrayed some of the 


the expense. 

‘ture UNIVERSITY OF GLASGOW. [Received, March 29th, 1923.] 
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By ARCHIBALD EDWIN GODDARD. 


the & Ir has recently been shown (Goddard, T., 1922, 121, 36) that the 
ting § thalliumdialky! salts prepared from the acids of the fatty series 
3 of B from formic to n-octoic exhibit a fall of melting point with increas- 
i3°. & ing molecular weight, this probably being connected with decrease 


of ionisation in the case of the higher members. These salts are 
now compared with the corresponding phenyl compounds, which 
were prepared by tHe interaction of thalliumdiphenyl bromide, 
silver oxide, and the fatty acid in xylene solution. The following 
salts were isolated: acid thalliwmdiphenyl propionate, m. p. 164°; 
the acid butyrate, m. p. 171°; the normal butyrate, m. p. 230°; 
the acid valerate, m. p. 176°; the acid n-hexoate, m. p. 191°; the 
normal hexoate, m. p. 208°; and the n-octoate, m. p. 195°. It will 
be noted that whilst the melting points of the acid salts rise as the 
series is ascended, those of the normal derivatives fall, just as in 
the case of the dialkyl salts. Whilst the solubility of the latter 
salts, however, increases as the molecular weight increases, the 
thalliumdiphenyl salts have a markedly decreased solubility in 
organic media. 

Thalliumdiphenyl o- and m-bromobenzoates and the p-nitro- 
benzoate were prepared from the corresponding substituted benzoic 
acids by the above method. Of the former two, the meta-deriv- 
ative is the less soluble; the nitrobenzoate is more insoluble than 
the corresponding thalliumdiethy! salt. 

It was pointed out (Goddard, T., 1921, 119, 1310) that thallium- 
dialkyl hydroxides react with the hydroxyl groups in nitro- 


Nj substituted phenols. This observation has now been extended to 
, J include nitronaphthols and nitroso-compounds, and by the aid of 
‘ thalliumdiphenyl oxide, phenyl compounds of the same type have 


been isolated. 
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By the interaction of thalliumdiethyl hydroxide and hexanityo. 
diphenylamine, thalliwmdicthyl hexanitrodiphenylamine was obtained 
in brilliant crimson plates, the colour being much more intense 
than that of the ammonium salt (aurantia). Thalliumdiethy| 
p-benzoquinoneoximate was isolated as the quinhydrone, that is, 
containing one molecule of nitrosophenol of crystallisation, and 
in agreement with the rule that quinhydrone formation intensifies 
colour, this compound is blue black. In the case of thalliumdiethy| 
and thalliumdiphenyl 1 : 2-naphthaquinone-1-oximates, however, the 
green colour, which is similar to that of the alkali salts, indicates 
conclusively that complex formation involving the nitroso-group 
does not occur. 

Thalliumdiethyl 2: 6-dinitrophenoxide has a greater solubility, 
and is of a deeper orange colour, than the 2 : 4-derivative previously 
described, the latter difference being in agreement with the observ. 
ation that those compounds of this type having the nitro- and 
hydroxyl-groups closer together display more intense colour, 
Thalliumdiethyl dinitro-o-tolyloxide, which is the most explosive of 
the compounds now described, crystallises in deep orange plates; 
the thalliumdiethyl and thalliumdiphenyl trinitro-m-tolyloxides are 
deposited in brilliant yellow needles, whereas the picrates are 
decidedly orange. 

Three naphthoxides have been isolated, namely, thalliwmdiethyl 
and thalliumdiphenyl trinitro-«-naphthoxides, the former being deep 
yellow and the latter pale orange, and thalliumdiethyl dinitro- 
8-naphthoxide, which is dull yellow. The analogue of ‘ naphthol 
yellow 8,” thalliumdiethyl 2 : 4-dinitronaphthoxide-7-sulphonate, was 
isolated in long, golden-yellow needles. 

Thalliumdiphenyl o- and p-nitrophenoxides are paler in colour 
than the thallium-dimethyl and -diethyl derivatives and are much 
less soluble in the usual solvents. 

In several previous communications the interaction of thallic 
chloride and various organo-metallic compounds was studied; the 
investigation has now been extended with the idea of drawing 
some definite conclusions from the results of these reactions. Since 
mercury derivatives have been of considerable value in the pro- 
duction of organo-compounds containing metals, a more detailed 
investigation of their properties has been made. Mercury dipropyl, 
now prepared for the first time by the Grignard reaction, yields 
with thallic chloride, thallous chloride, mercury propyl chloride, 
and thalliumdipropyl chloride. Mercury diisoamyl, on the other 
hand, only gives thallous chloride and mercury isoamyl chloride. 
It was shown (Goddard, T., 1922, 124, 40) that mercury dipheny! 
and thallic chloride gave rise to thalliumdiphenyl chloride, but it 
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VE 
nitro. § jsnow found that mercury dibenzy] yields thallous chloride, mercury 
ained f benzyl chloride, and traces of dibenzyl, a decided resemblance 
tense between the isoamyl and benzyl radicles being thus indicated. 
ethyl @ With the hope of preparing mixed thallium compounds, thallic 
t is, § chloride was treated with mercury benzyl ethyl] in ethereal solution, 
and —f but mercury ethyl chloride, mercury benzyl chloride, and thallous 
sifies § chloride resulted, the odour of benzaldehyde also being noted. 
ethyl § Whilst 2-chloromercurithiophen and mercury 2 : 2’-dithieny] readily 
the § react with arsenic trichloride to form organo-derivatives (Steinkopf 
‘ates | and Bauermeister, Annalen, 1917, 413, 331), thallic chloride causes 
roup ff the decomposition of the first compound only, the second giving 
no organic thallium compound. Better results are not obtained 
lity, { when thallic chloride and thiophen are heated together in the 
usly ff presence of mercuric chloride, but 2-iodomercurithiophen, treated 
erv- ff as above, yields 2-chloromercurithiophen and thallous chloride. 
and When thallic chloride in ethereal solution and p-aminophenyl 
our, ff mercuriacetate are shaken together, an unstable additive com- 
> of ff pound seems to be formed. It contains 11-06 per cent. of chlorine 
tes; # and 19°51 per cent. of thallium, corresponding to the formula 
are § 2C,H,O,NHg,TICI,; p-aminophenyl mercurichloride behaves simi- 
are §f larly, but if the above solutions are heated complete decomposition 
will take place. Nefther p-bismercurianiline nor sodiocamphor 
hyl § gives rise to organic thallium compounds. It can be concluded 
ep § from the above that only normal compounds of the type R,Hg 
ro- — give rise to thallium derivatives where R is any radicle except 
hol — benzyl, thienyl, or an iso-group; in other cases substances of the 


type R,T1X are produced. 

It was recently shown (Goddard, loc. cit.) that thallic chloride 
and triphenylstibine yield thallous chloride and triphenylstibine 
dichloride, and it is now found that the latter compound, after 
being heated with thallic chloride in xylene solution and kept for 
several months, gives thallous chloride and metallic antimony. 
Tri-p-cylylstibine reacts like the phenyl compound, yielding 
tri-p-xylylstibine dichloride. In order to find out if the reaction 
between thallic chloride and an aromatic arsine is a general one, 
fri-m- and tri-p-xylylarsines, prepared by the Grignard reaction, 
were examined and found to yield the corresponding xylylarsenious 
chlorides. The reaction in the case of compounds of the elements 
in Group V can be summarised by stating that phosphorus and 
antimony yield no organo-thallium derivatives, whereas arsenic 
and bismuth are capable of yielding compounds of the type R,T1X. 

Tin triethyl chloride reacts with thallic chloride with production 
of tin diethyl chloride, whilst tin diethyl iodide interacts according 
to the equation Et,SnI + TICl, = Et,SnCl,+ Tl1+I-+ICl. Tin 
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dimethyl! diethyl yields thallous chloride, thalliumdiethy] chloride, 
and tin dimethyl chloride. 

In the aromatic series, an attempt was made to prepare lead tetra. 
m-xylyl in order to have an easy method of obtaining the unknown 
thalliumdixylyl chloride, but lead tri-m-arylyl was isolated, even 
when the quantities used in the Grignard reaction should have 
given the tetraxylyl derivative. The compound thus obtained 
was monomolecular, although in more concentrated solutions it 
would no doubt associate. The investigation of this compound 
was not continued owing to the work of Krause in this field. It 
reacts, however, with thallic chloride to yield lead di-m-xylyl 
dichloride and thallous chloride. 

Summarising the work carried out on compounds of tin and 
lead in the aromatic and aliphatic series, substances of the type 
R,M give rise to R,MX, and R,TIX; R,MX and R,MR’ yield 
thallous chloride and R,MX, and R;MX, respectively; R,MR,' 
produces R,’MX, and R,TIX, where R’ is the radicle of lower 
molecular weight; and R,MX, merely exchanges its halogen, X,, 
should it be bromine or iodine, for the chlorine of the thallic 
chloride. 

Thalliumdiphenyl chloride is broken down by iodine mono- 
chloride as follows: Pb,TICl + 2ICl = 2PhCl+ TIC1+1,. This 
differs from the reaction with thalliumdiethyl bromide, where only 
thallous iodide was isolated. 


EXPERIMENTAL. 


The following derivatives of thalliumdiphenyl hydroxide were 
prepared. 

Acid Propionate.—A mixture of 1 gram of thalliumdiphenyl 
bromide, 0-265 gram of silver oxide, and 0°63 gram of propionic 
acid (4 mol.) in 30 c.c. of toluene was boiled for two hours. Most 
of the solid dissolved and filtering and concentration yielded 0°5 
gram of transparent, silky needles, which after washing with light 
petroleum melted at 164° (Found : Tl = 40°31. C,,H,,0,T! requires 
Tl = 40°38 per cent.). The acid salt is readily soluble in cold 
chloroform, hot alcohol, pyridine, ethyl acetate, or glacial acetic 
acid, fairly soluble in boiling water, and insoluble in ether or light 
petroleum. 

Acid Valeraie.—Using the above quantities and 0°48 gram of 
valeric acid (2 mol.), 0°55 gram of fine, white needles were obtained, 
m. p. 176° (Found: Tl= 36-19, 36°81. C,,H,,0,T1 requires Tl = 
36°35 per cent.). The salt is readily soluble in cold pyridine, 
alcohol, acetone, chloroform, or ether and in warm carbon tetra- 
chloride or water, and insoluble in light petroleum or cold water. 
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This salt may be recrystallised from chloroform without removing 
the acid of crystallisation. 

Acid Butyrate—In this case, 0°30 gram (1$ mols.) of butyric 
acid was used and 0°5 gram of waxy needles was isolated, m. p. 
171° (Found: Tl= 38°24. C,,9H,;0,Tl requires Tl = 38°26 per 
cent.). The salt, which is soluble in all the solvents except light 
petroleum, was dissolved in acetone and reprecipitated with light 
petroleum, when the acid of crystallisation was removed, and the 
normal salt obtained, m. p. 230° (Found : Tl = 45°65. C,,H,,0,T! 
requires Tl = 45°83 per cent.). 

Acid Hexoate.—Using 0°5 gram of n-hexoic acid, 0°55 gram of 
feathery rosettes of needles was obtained, m. p. 191° (Found: 
Tl = 34°66. C,,H,,0,T1 requires Tl = 34°62 per cent.). By treat- 
ing this acid salt as was the acid butyrate, the normal n-hevoate 
was obtained, m. p. 208°. 

n-Octoate.—Prepared by using 0°3 gram (1 mol.) of n-octoic 
acid, when 0°6 gram of waxy needles, m. p. 195°, was obtained 
(Found: Tl = 40°07. C,9H,,;0,T! requires Tl = 40°70 per cent.). 
The salt is the least soluble of the series. 

p-Nitrobenzoate—One gram of thalliumdiphenyl bromide, 0-294 
gram of silver oxide, and 0°356 gram of p-nitrobenzoic acid in 
40 c.c. of toluene were boiled for five hours. From the mixture, 
05 gram of faintly yellow, blunt-ended needles was isolated, 
which, after washing with light petroleum, melted at 228° (Found : 
Tl = 38°35; N = 2°69. C, .H,,0,NTI requires Tl = 38°92; N = 
2-67 per cent.). The salt is soluble in cold pyridine, hot acetone, 
toluene, or ethyl acetate, and insoluble in chloroform, carbon 
tetrachloride, or light petroleum. 

o-Bromobenzoate.-—Prepared from 1:24 grams of thalliumdipheny] 
bromide, 0°33 gram of silver oxide, and 0°576 gram of o-bromo- 
benzoic acid, by boiling in toluene for one and a half hours, 0-1 gram 
of glistening, cream plates were isolated (Found: Br = 14°82. 
C,gH,,0.BrTl requires Br = 14°32 per cent.). Free acid was 
removed by washing with ether, the compound then melting at 
243°. It is soluble in organic solvents with the exception of ether 
and light petroleum. 

m-Bromobenzoate.—Using the above quantities, 0°2 gram of 
glistening plates were obtained, m. p. 247° (Found: Br = 14°49. 
C,9H,,0.BrTl requires Br = 14°32 per cent.). The salt is soluble 
in pyridine or toluene, fairly soluble in ethyl acetate, slightly 
soluble in acetone, and insoluble in other organic solvents. 

o-Nitrophenoxide.—Thalliumdipheny! oxide (0°56 gram) and 0-278 
gram of o-nitrophenol were mixed in a few drops of alcohol, 50 c.c. 
of water added, and the whole was boiled for half an hour, cooled, 
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and filtered. The residue was washed with alcohol, then agitated 
with ether to remove free nitrophenol, when 0°579 gram of a bright 
orange, crystalline powder was isolated. It melted at 247° to a 
blood-red liquid, and when gently heated turned scarlet, reverting 
to its original colour on cooling (Found: Tl = 41°64; N = 2°52, 
C,,H,,0,NT1 requires Tl = 41:12; N = 2°82 per cent.). The 
salt is soluble in cold pyridine, fairly soluble in acetone or alcohol, 
giving yellow solutions, slightly soluble in toluene (becoming 
scarlet), ether or hot water, and insoluble in carbon tetrachloride 
or ethyl acetate, becoming decolorised in the latter. 

p-Nitrophenoxide.—From a mixture of 1:05 grams of thallium. 
diphenyl! chloride, 0°5 gram of silver oxide (} mol. excess), and 0:4 
gram of p-nitrophenol in 60 c.c. of water, by boiling for three 
hours, a lemon-yellow product was obtained. After boiling this 
with 250 c.c. of water, filtering hot, and concentrating, 0°2 gram 
of bright yellow needles was isolated, which, after washing with 
alcohol and ether, melted at 251° with evolution of gas (Found: 
Tl = 41:19. C,,H,,0,Tl requires Tl = 41°12 per cent.). The salt 
differs from the ortho-compound by being slightly soluble in ethyl 
acetate and insoluble in alcohol, ether, or chloroform. 

1 : 2-Naphthaquinone-1-oximate—A mixture of 0°40 gram of 
thalliumdiphenyl oxide and 0°148 gram of «-nitroso-$-naphthol 
in 50 c.c. of water, after boiling for three hours, was kept over- 
night, when an insoluble, green powder was obtained (Found: 
Tl = 40°23. C, 9H,,0,NT1 requires Tl = 40°31 per cent.). The 
compound crystallised from ether in microscopic, green needles, 
m. p. 238°. It differs from the corresponding diethyl compound 
(below) in its insolubility in water and in that most of its solutions 
are green. 

Trinitro-m-tolyloxide.—From 0°5 gram of thalliumdiphenyl oxide 
and 0°332 gram of trinitro-m-cresol, 0°4 gram of yellow needles was 
obtained, m. p. 231° (Found : Tl = 33°96; N= 6°81. C,,H,,0,N,T1 
requires Tl = 33°99; N = 7:00 per cent.). The salt is soluble to 
some degree in most organic solvents and gives an orange solution 
in toluene. 

Trinitro-«-naphthoxide.—From 0°5 gram of thalliumdiphenyl 
oxide and 0°381 gram of trinitro-«-naphthol, 0°53 gram of brilliant 
orange needles was isolated, which melted to a blood-red liquid 
at 232° (Found: Tl = 32°01; N = 659. C,.H,,0,N,T! requires 
Tl = 32:07; N = 6°61 per cent.). The salt is similar in solubility 
to the ethyl compound (below). 

The following derivatives of thalliumdiethyl hydroxide were 
prepared. 

Thalliumdiethyl Hexanitrodiphenylamine.—The  thalliumdiethyl 
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hydroxide derived from 1:52 grams of the corresponding bromide 
was treated with 1°9 grams of hexanitrodiphenylamine in 50 c.c. 
of water and boiled for fifteen minutes. After three crystallisations 
from water, 11 grams of brilliant carmine plates having a violet 
reflex were obtained, m. p. 224° to a blood-red liquid (Found : 
Tl = 29:14; N= 13°50. ©C,,H,,0,.N,Tl requires Tl = 29°14; 
N= 14-01 per cent.). The compound is insoluble in toluene, 
light petroleum, or chloroform and soluble in other organic 
media. 

p-Benzoquinoneoximate.—The hydroxide from 0-5 gram of thallium- 
diethyl bromide was treated with 0-18 gram of p-nitrosophenol, and 
0-4 gram of blue-black needles having a violet reflex was isolated 
(Found: Tl = 40-57; N = 5-58. C,)9H,,0,NTI,C,H,O,N requires 
Tl = 40-22; N = 5-53 per cent.). The oximate is soluble in water 
or pyridine, slightly soluble in alcohol, giving a brown solution, 
and insoluble in other organic solvents. 

1 : 2-Naphthaquinone-1-oximate.—Treating twice the above quan- 
tity of hydroxide with 0-46 gram of «-nitroso-8-naphthol, 0-7 gram 
of deep green product was obtained (Found : Tl = 46-55; N = 3-21. 
CyyH,,0,NT1 requires Tl = 46:99; N=3-23 per cent.). The 
salt crystallises from alcohol in deep green needles, m. p. 217°, is 
insoluble in light petroleum, and readily soluble in other organic 
solvents, the solutions being coloured brown, with the exception 
of alcohol and carbon tetrachloride, which give green solutions. 

2 : 6-Dinitrophenoxide.—Thalliumdiethyl hydroxide (0:5 gram) 
and 0-27 gram of 2 : 6-dinitrophenol gave 0-35 gram of deep orange 
plates, which sintered at 182° and melted with decomposition at 
190° (Found: N = 6:33. C,9H,,0;N,Tl requires N = 6-29 per 
cent.). The salt is soluble in the usual solvents with the exception 
of light petroleum, and the solutions are yellow in colour. 

Dinitro-o-tolyloxide—The above amount of hydroxide and 
0-29 gram of dinitro-o-cresol yielded 0-53 gram of terra-cotta plates, 
which blackened at 215° and exploded with great violence at 
219° (Found: Tl = 4462; N=6-05. (C,,H,,0;N,Tl requires 
Tl = 44-43; N = 6-10 per cent.). The compound gives a yellow 
solution in acetone or ethyl acetate, orange in other solvents, and 
is insoluble in carbon tetrachloride or light petroleum. 

Trinitro-m-tolyloxide—Using 0-35 gram of trinitro-m-cresol, 
0-62 gram of brilliant yellow needles was obtained, sintering at 
203° and decomposing at 214° (Found: Tl = 40°33; N = 8-32. 
C,,H,,0,N,Tl requires Tl = 40-47; N = 8-34 per cent.). This 
compound is not so readily attacked by fuming nitric acid as the 
dinitro-derivative and has a similar solubility. 
Trinitro-a-naphthoxide.—The hydroxide from 0-9 gram of thallium- 
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diethyl bromide with 0-73 gram of trinitro-x-naphthol yielded 
0-95 gram of orange plates, sintering at 213° and melting with 
considerable gas evolution at 220° (Found: Tl = 37-65; N = 7:85, 
C,,H,,0,N,Tl requires Tl = 37-77; N= 7-78 per cent.). The 
salt is slightly soluble in chloroform or toluene, insoluble in light 
petroleum, and soluble in other organic media. 

Dinitro-8-naphthoxide—By concentrating the solution from 
0-42 gram of thalliumdiethyl hydroxide and 0-68 gram of dinitro. 
8-naphthol, 0-35 gram of dull greenish-yellow, microscopic, flat- 
ended blades was deposited. These commenced to decompose at 
208°, but, although charring with rise of temperature, did not 
actually melt at 280° (Found: Tl = 41-09. C,,H,;0;N,T! requires 
Tl = 41-20 per cent.). The salt is soluble in pyridine or acetone, 
moderately soluble in alcohol, giving a reddish-yellow solution, 
slightly soluble in chloroform, ethyl acetate, or ether, becoming 
bright yellow in the last, and insoluble in carbon tetrachloride, 
toluene, or light petroleum. 

2 : 4-Dinitronaphthoxide-7-sulphonate.—By treating 0-42 gram of 
thalliumdiethyl hydroxide with 0-23 gram of 2 : 4-dinitronaphthol- 
7-sulphonic acid, 0-4 gram of pale orange needles was obtained, 
which darkened at 217°, but did not melt at 280° (Found: Tl = 
46-47; N=3-27. C,,H,,0O,N,STI,2H,O requires Tl = 46-77; 
N = 3-21 per cent.). The salt is soluble in cold acetone or warm 
pyridine, moderately soluble in alcohol, and insoluble in other 
solvents; the colour deepens in toluene. 

Preparation of Mercury Dipropyl and its Action on Thallic 
Chloride.—To the solution from 23 grams of n-propyl bromide and 
4-3 grams of magnesium in 100 c.c. of ether, 24-3 grams of mercuric 
bromide were added in small portions. The reaction was accom- 
panied by violent boiling and all the mercuric bromide went into 
solution, after which the mixture was boiled for one hour and 
then decomposed by water. Extraction with ether yielded 4:5 
grams of mercury propy! bromide and 6-0 grams of mercury dipropy! 
(b. p. 189—191°). A small quantity of metallic mercury was also 
obtained. 

Thallic chloride (1 mol.) was added to 5:2 grams of mercury 
dipropyl in 50 c.c. of ether, a vigorous reaction taking place, and 
6-9 grams of solid separated after standing over-night. This was 
washed with ether, which removed mercury propyl chloride; the 
remaining solid gave 0-85 gram of thallous chloride and 2-2 grams 
of thalliumdipropyl chloride, after treatment with alcohol (Found : 
Cl = 10-20. Cale., Cl = 10-89 per cent.). 

Interaction of Mercury Diisoamyl and Thallic Chloride.—To 
5 grams of mercury diisoamyl, 4-5 grams of thallic chloride in 25 c.c. 
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of ether were added and the mixture was boiled for fifteen minutes. 
After filtering, the residue consisted of 2-0 grams of thallous 
chloride; the filtrate yielded 2-5 grams of needles, m. p. 86°, 
identified as mercuric isoamy] chloride. 

Interaction of Mercury Dibenzyl and Thallic Chloride.—A solution 
of mercury dibenzyl (1-1 grams) and 1-1 grams of thallic chloride 
in 30 c.c. of ether was boiled, kept for several days, and then 
filtered hot. A residue of 0-75 gram of thallous chloride was 
obtained, whilst the filtrate yielded 1-2 grams of mercury benzyl 
chloride (m. p. 104°) and traces of dibenzy]. 

Interaction of Mercury Benzyl Ethyl and Thallic Chloride.—The 
product from the interaction of 20-3 grams of magnesium ethyl 
bromide and 12 grams of mercury benzyl chloride was treated 
with excess of thallic chloride in ethereal solution. A white pre- 
cipitate formed, and after standing a short time, this was filtered 
off and washed with ether, the remaining solid yielding 2-95 grams 
of thallous chloride, and the ethereal washings 0-25 gram of mercury 
ethyl chloride. The main filtrate, on evaporation in a vacuum, 
gave 7-75 grams of solid, which was boiled with alcohol and filtered. 
A residue of 0-8 gram of thallous chloride was obtained, the filtrate 
depositing 2-2 grams of mercury ethyl chloride, m. p. 192°; further 
evaporation yielded 0-2 gram of mercury benzyl chloride, m. p. 
104—105°. Removal of the last traces of alcohol gave 0-5 gram 
of an oil, having a strong odour of benzaldehyde. 

Interaction of 2-Iodomercurithiophen and Thallic Chloride.— 
Two grams of 2-iodomercurithiophen were added to 1-5 grams of 
thallic chloride in 50 c.c. of absolute alcohol. A yellow coloration 
developed, and after boiling for fifteen minutes the mixture was 
filtered hot. The residue (1-1 grams) consisted of thallous chloride, 
and the partly evaporated filtrate yielded 1-0 gram of 2-chloro- 
mercurithiophen, m. p. 183°. Further evaporation gave a small 
quantity of crystals which contained iodine. 

Interaction of Triphenylstibine Dichloride and Thallic Chloride.— 
Triphenylstibine dichloride (3-5 grams) and 3 grams of thallic 
chloride were boiled in 50 c.c. of xylene for two hours. The mixture 
gradually blackened, and after standing for a week the residue 
was filtered off; it consisted of thallous chloride (0-9 gram). After 
six months, during which the filtrate spontaneously evaporated, 
the residue, consisting of long needles and shining plates, was 
washed with acetone; the undissolved plates were found to be 
metallic antimony (0-6 gram). Evaporation of the acetone gave 
rods an inch in length (0-95 gram) which were unchanged tripheny]- 
stibine dichloride, m. p. 143°. Since the filtrate obtained after the 
renioval of the thallous chloride was free from solid matter, the 
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separation of the antimony must have been due to reduction at 
the ordinary temperature. 

(a) Preparation of Tri-p-xylylstibine. (b) Its Reaction with 
Thallic Chloride.—(a) To a solution of 24 grams of bromo-p-xylene 
and 3-5 grams of magnesium in 50 c.c. of ether, 9 grams of anti- 
mony trichloride in 20 c.c. of the same solvent were gradually 
added. The reaction was not very violent and the whole was 
boiled for four hours, then decomposed with water, and filtered, 
The residue was dried and boiled with benzene, the solution on 
evaporation yielding 7-25 grams of short, transparent needles, 
m. p. 174:5° (Found: Sb = 28-13. (C,,H,;Sb requires Sb = 27-6] 
per cent.). 

Tri-p-xylylstibine is readily soluble in benzene, cold chloroform, 
or boiling glacial acetic acid, moderately soluble in hot acetone, 
and less soluble in ether or alcohol. 

(6) To a solution of 2-17 grams of tri-p-xylylstibine in 30 c.c. of 
benzene, 1-55 grams of thallic chloride were added and the mixture 
was kept over-night. After filtration, 1-8 grams of thallous chloride 
were obtained, and evaporation of the benzene and addition of 
light petroleum yielded 1:3 grams of substance, which after 
recrystallisation melted at 230—231° (Found: Cl = 1401. 
C,,H,,Cl,Sb requires Cl = 14:01 per cent.). 

Tri-p-xylylstibine dichloride is a crystalline powder, soluble in 
cold chloroform, acetone, or benzene, moderately soluble in pyridine, 
and insoluble in light petroleum. 

Preparation of (a) Tri-p-xylylarsine, (b) Tri-m-aylylarsine.— 
(a) To the solution obtained from 3-62 grams of magnesium and 
27-9 grams of bromo-p-xylene in 50 c.c. of dry ether 9 grams of 
arsenic trichloride in 30 c.c. of light petroleum were gradually 
added. The reaction was very violent and a grey-green, gelatinous 
precipitate separated out, this finaliy becoming white on standing. 
After several hours, the mixture was decomposed with water, the 
whole extracted with ether, the solution, on drying and evaporating, 
yielding fine, white needles, identical in properties with the com- 
pound obtained by Michaelis. Yield 8-5 grams. 

(6) This was prepared as above, the yield being 8 grams. 

Action of Thallic Chloride on the Preceding Arsines.—To 3-9 grams 
of tri-p-xylylarsine in 40 c.c. of toluene, 3-1 grams of thallic chloride 
were added. A white precipitate was thrown down, and the whole 
after boiling for forty minutes was filtered, the residue washed 
with ether, 1-5 grams of thallous chloride being obtained. Evapor- 
ation of the filtrate yielded an oil, which was soluble in acetone, 
the addition of light petroleum depositing tufts of needles (3-67 
grams), m. p. 63°, identified as p-xylylarsenious chloride. The 
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ethereal washings yielded 0-3 gram of unchanged arsine. When 
the reaction was carried out in the cold in benzene, the same 
products were isolated. 

When 2-0 grams of tri-m-xylylarsine and 1-55 grams of thallic 
chloride were treated as above, 1-0 gram of thallous chloride 
and 1-69 grams of m-xylylarsenious chloride, m. p. 44°, were 
obtained. 

Interaction of (a) Tin Triethyl Chloride, (b) Tin Diethyl Iodide, 
(c) Tin Dimethyl Diethyl and Thallic Chloride.—(a) One gram of 
tin triethyl chloride in 30 c.c. of ether was added to 1-3 grams of 
thallic chloride in 3-25 c.c. of the same solvent. A pale yellow 
precipitate separated out, and after standing one hour the mixture 
was filtered hot. The residue consisted of thallous chloride 
(0-82 gram), and the filtrate yielded, in addition to thallic chloride, 
a small quantity of tin diethyl chloride. 

(b) To a solution of 0-4 gram of thallic chloride in 20 c.c. of ether, 
0-5 gram of tin diethyl iodide was added, a black solid being im- 
mediately precipitated. After standing for one hour, the mixture 
was boiled for fifteen minutes and filtered. The residue (0-15 gram) 
consisted of metallic thallium, mixed with traces of iodine. The 
filtrate on evaporation deposited white, feathery needles, m. p. 83°, 
which were identified as tin diethyl chloride, and further evapor- 
ation yielded iodine and a small quantity of substance having the 
properties of iodine monochloride. 

(c) When 2-07 grams of tin dimethyl diethyl were added to 3-02 
grams of thallic chloride in 15 c.c. of ether, a yellow precipitate 
was deposited, which was mixed with shining crystals. After 
boiling for half an hour and filtering, a residue of 1-15 grams was 
obtained. This consisted of thallous chloride and thallium diethyl 
chloride, and evaporation of the filtrate gave 0-7 gram of thallic 
chloride and a small quantity of crystals of tin dimethyl chloride, 
m. p. 90°. 

Preparation of Lead Tri-m-xylyl and its Action on Thallic 
Chloride—To a solution of 20°55 grams of bromo-p-xylene and 
3:12 grams of magnesium in 100 c.c. of ether, 11-6 grams of lead 
chloride were added in small quantities, and the mixture was 
boiled for five hours. Metallic lead soon commenced to separate 
out and the colour of the solution changed from brownish-red to 
green. The mixture was decomposed with water, filtered, and 
the dry residue extracted with benzene. Evaporation of the 
solvent gave 2-5 grams of a very pale yellow, crystalline powder 
(Found: C = 54:97; H = 5-27; Pb = 39-63. C,,H,,Pb requires 
C= 55-13; H = 5:21; Pb = 39-66 per cent.). Molecular-weight 
determinations by the cryoscopic method in benzene (0-746 and 
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0-548 gram in 14-4868 and 19-5566 grams of benzene, respectively) 
gave M = 495, 519. C,,H,,Pb requires M = 522-4. 

Lead tri-m-xylyl, after crystallising from acetone, then three 
times from benzene, melted sharply at 233-5° with the separation 
of metallic lead. The compound is soluble in chloroform or 
toluene, and slightly soluble in acetone, light petroleum, or pyridine. 
Its solutions precipitate silver oxide from alcoholic silver nitrate. 

Lead tri-m-xylyl (0-5 gram) in 5 c.c. of benzene was treated with 
1 mol. of thallic chloride in 1 c.c. of ether, a precipitate separating, 
and the solution becoming warm. After standing for a week, 
lustrous rods in star-like clusters had crystallised out. The filtrate 
from this product yielded thallic chloride, and the residue was 
boiled with benzene to remove thallous chloride. Needles were 
obtained from the benzene (Found: Cl= 14-71. C,gH,,Cl,Pb 
requires C] == 14-54 per cent.). The compound appears to be slightly 
more soluble in organic media than lead diphenyl chloride. 

Action of Iodine Monochloride on Thalliumdiphenyl Chloride— 
To 0-5 gram of thalliumdipheny] chloride in 4 c.c. of light petroleum, 
0-82 gram (2 mols.) of iodine monochloride in 10 c.c. of the same 
solvent was added, and the whole was boiled for two hours, when 
nearly all the solid had disappeared. The residue obtained on 
filtering (0-25 gram) was thallous chloride, and evaporation of the 
filtrate gave 0-3 gram of iodine. 


The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the 
expenses of this investigation. 


THe UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, March 5th, 1923.] 


CXXXIII.—The aa'-Dichlorodialkyl Sulphides. 
By FReperick GrorGE Mann and Wiiiam Jackson Pope. 


Lirtte has been published concerning the ««’-dichlorodialky! 
sulphides, although Riche long ago (Ann. Chim. Phys., 1855, [iii], 
43, 283) obtained a dichlorodimethyl sulphide as a yellow, un- 
pleasantly smelling liquid by the chlorination of dimethyl] sulphide. 
Bloch and Héhn have recently shown (Ber., 1922, 55, [B], 53) that 
sulphur monochloride acts upon trithioformaldehyde with formation 
of ««’-dichlorodimethyl sulphide in accordance with equation | : 


1. (CH,’S), + 28,Cl, = (CH,Cl),S + CS, -+ 2HCI + 48. 
2. (CH,'S), + 2SCl, = (CH,Cl),8 + CS, -+ 2HCI + 28. 
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THE ««’-DICHLORODIALKYL SULPHIDES. 


It is shown in the present paper that the yield is only about 70 per 
cent. of that indicated by this equation, but that sulphur dichloride 
acts practically quantitatively upon trithioformaldehyde in 
accordance with equation 2. 

An excellent yield of ««’-dichlorodimethyl ether was obtained by 
Descudé (Bull. Soc. chim., 1906, [iii], 35, 953) by treating trioxy- 
methylene with phosphorus trichloride in presence of zine chloride ; 
it was thus suggested that ««’-dichlorodimethy] sulphide might be 
obtained conveniently by the action of phosphorus trichloride and 
zine chloride on trithioformaldehyde. The latter substance is, 
however, stable towards mixtures of these reagents. 

When either of the sulphur chlorides acts upon «-trithioacetalde- 
hyde a mixture of the ««’-dichlorodiethy] sulphide recently described 
by Bales and Nickelson (T., 1922, 121, 2137) with the previously 
unknown diethylidene trisulphide, 8 ee, results. 
Conclusive evidence in favour of the constitution now advanced for 
the latter substance cannot yet be produced, but the liberation of 
sulphur when the compound is treated with nitric acid suggests 
that the constitution is correctly stated. Diethylidene trisulphide, 
however, behaves curiously towards both methyl iodide and 
aa’-dichlorodiethyl sulphide, giving with both 8-trithioacetaldehyde. 


EXPERIMENTAL. 


ax’-Dichlorodimethyl Sulphide.—1. From trithioformaldehyde and 
sulphur monochloride. When pure sulphur monochloride, prepared 
as we have previously described (T., 1921, 119, 636) and in the 
proportion—1‘3 mols.—actually used by Bloch and Hohn, is added 
to powdered trithioformaldehyde, the vigorous reaction observed 
by these authors does not occur; on heating in boiling water at 
100°, hydrogen chloride is evolved freely and after an hour a red 
liquid results. On distillation under ordinary pressure, more 
hydrogen chloride escapes and a liquid comes over up to 140°, 
followed by a little unchanged trithioformaldehyde; a residue of 
tarry sulphur remains. The fractional distillation of the product 
yields carbon disulphide, a liquid boiling at 108—109° which is 
probably a mixture (C = 248; H=54; Cl= 28'1; S = 42°1 
per cent.), and a«’-dichlorodimethyl sulphide boiling at 155—156°. 
When a larger proportion (2 mols.) of sulphur monochloride is 
used, the intermediate fraction boiling at 108—109° is not obtained, 
but the ««’-dichlorodimethy] sulphide is contaminated with a little 
sulphur monochloride, which may be removed by redistillation 
over a small quantity of trithioformaldehyde. 
2. From trithioformaldehyde and sulphur dichloride. Sulphur 
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dichloride (73°3 grams, 2 mols.) is run on to powdered trithioform. 
aldehyde (50 grams, 1 mol.), cooled in ice-water; hydrogen chloride 
is freely evolved and the mixture, after standing for fifteen minutes, 
is heated on the water-bath. On distillation under atmospheric 
pressure, much hydrogen chloride comes off and the temperature 
rises to 155°; on fractional distillation through a Raschig dephleg. 
mator, the product is resolved into pure carbon disulphide and 
aa’-dichlorodimethyl sulphide. When the reaction mixture is 
directly distilled under reduced pressure, the carbon disulphide 
escapes condensation and ««’-dichlorodimethy! sulphide, boiling 
at 55—56°5°/17 mm., is at once obtained, the yield being 97 per 
cent of that required by equation (2). The reaction thus proceeds 
practically quantitatively and the method of preparation now 
described is much to be preferred to that given by Bloch and Héhn. 
ac’-Dichlorodimethyl sulphide is a colourless liquid boiling at 
57°5—58'5°/18 mm., and having the density di* 1:4144; it does 
not solidify in an ice-salt mixture, but forms a hard, crystalline 
mass when cooled in a mixture of solid carbon dioxide and ether. 
It has no vesicant action on the skin. It reacts slowly with methyl 
iodide, giving a dark, viscous liquid from which no pure substance 
was isolated. 
ax’-Dichlorodimethyl Sulphoxide, (CH,Cl),SO.—On adding cold 
concentrated nitric acid to ««’-dichlorodimethyl sulphide, vigorous 
oxidation soon sets in, but the product yields but little of the 
sulphoxide. The latter is readily prepared by adding the dichloro- 
sulphide slowly to an agitated mixture of fuming (2 vols.) and con- 
centrated (1 vol.) nitric acids, cooled in ice and salt; oxidation 
proceeds smoothly in the cold, after which the clear solution is 
diluted, neutralised, and extracted several times with chloroform. 
The chloroform extract yields a crystalline residue on evaporation ; 
the pure sulphoxide is obtained by crystallisation from carbon 
tetrachloride in colourless plates melting at 40° (Found : C = 16:5; 
H = 2°8; Cl = 48°5. C,H,OCI,S requires C = 163; H = 27; 
Cl = 48-2 per cent.). 
No crystalline nitrate corresponding to that formed by dimethy] 
sulphoxide could be prepared. 
ace’- Dichlorodimethylsulphine-p-toluenesulphonylimine, 
(CH,Cl),S:N-SO,°C,H,°CHg. 
—On shaking a concentrated aqueous solution of hydrated chlor- 
amine T (5 grams) with ««’-dichlorodimethyl] sulphide (2°4 grams), 
a solid substance soon separates; this after standing is separated, 
washed with water, dried, and crystallised from benzene; the pure 
sulphilimine is obtained in colourless needles melting at 102° on 
crystallisation from dry ether (Found; C= 361; H=3°8; 
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THE 


(]= 23°6. C,H,,0,NCI,S, requires C= 360; H=37; Cl= 


orm. 

ride § 23'6 per cent.). 

utes, § Ethyl Tetrahydrothiophen-3 : 3 : 4 : 4-tetracarboxylate, 
eric 


,< CH,'C(CO,Et), 


S< 


lke ~CH,-C(CO, Et). 
and § —Ethyl ethanctetracarboxylate (15°9 grams) is dissolved in a solu- 


tion of sodium (2°3 grams) in absolute alcohol (250 c.c.), ««’-dichloro- 


> is 

hide § dimethyl sulphide (6°55 grams) added, and the solution boiled under 
ling a reflux for three hours; after filtering from sodium chloride and 
per evaporating the filtrate, the residual syrup is distilled under reduced 
eds ff pressure through a short column. The major fraction distils at 
iow  20—223°/15 mm. as a viscous syrup which does not crystallise in 


hn. @ anice-salt mixture and constitutes the pure ethyl tetrahydrothtophen- 
at 93:3:4:4-tetracarborylate (Found: C= 507; H=652; S= 
oes § 8°68. C,gH.,O,S requires C= 510; H= 643; S = 852 per 
ine § cent.). This ester is recovered unchanged after boiling for nine 
er, § hours with 18 per cent. sulphuric acid or for seven hours with 7 per 
yl § cent. aqueous alcoholic potash; it appears to be hydrolysed by 
ce § prolonged boiling with 10 per cent. aqueous potash, but no tetra- 
hydrothiophen derivative could be separated from the product. 
Id xx’-Dichlorodiethyl Sulphide, S(CHCI-CH,),—1. From «-trithio- 
us § acetaldehyde and sulphur monochloride.—On adding sulphur mono- 
1e ~§ chloride (55°7 c.c.) to powdered «-trithioacetaldehyde (96 grams), 
»- § solution occurs and the liquid becomes warm; on heating on the 
1 water-bath for ninety minutes, a little hydrogen chloride is evolved. 


On distillation under diminished pressure, a colourless fraction 
(39 grams) distils up to 75°/28 mm.; this is nearly pure ««’-dichloro- 
diethyl sulphide and represents a "yield of about 45 per cent. of 
that required by an equation of the form of that numbered (1). 
When this fraction has been taken off, the residue begins to foam, 
and evolves hydrogen chloride and a volatile product which pos- 
sesses a sickening stench and cannot be condensed. A second 
fraction (14 grams) comes over at 75—110°/32 mm.; this is yellow 
in colour and fumes in the air. A final fraction (22 grams) is 
obtained at 110—115°/30 mm.; this is red and also fumes in the air, 
A considerable tarry residue is left in the distilling flask. 

The first fraction, when redistilled through a Raschig column, 
gives the pure a«’-dichlorodiethyl sulphide as a colourless liquid 
boiling at 54—56°/15 mm. (Found: C = 303; H=51; Cl= 
44°8. Calc., C = 302; H = 5:1; Cl = 446 per cent.). 

The yellow and red fractions, when redistilled through the column 
under diminished pressure, undergo considerable decomposition, 
leaving a tarry residue which is violently oxidised by cold nitric 
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acid; an individual product is obtained in quantity at 88—91°/14 
mm. and represents the diethylidene trisulphide described below. 

2. From «-trithioacetaldehyde and sulphur dichloride ——On adding 
sulphur dichloride (45°5 grams) to «-trithioacetaldehyde (40 grams), 
an almost colourless solution results and slowly evolves hydrogen 
chloride when heated on the water-bath. When it is distilled under 
diminished pressure, ««’-dichlorodiethyl sulphide (10 grams) and 
diethylidene trisulphide (4 grams) are obtained as in the reaction 
with sulphur monochloride; again, however, a large, viscous 
residue is left in the flask and decomposes profoundly on further 
heating. It will be seen that the best yields of ««’-dichlorodiethy| 
sulphide and of diethylidene trisulphide result from the use of 
sulphur monochloride. 

ac’-Dichlorodiethy! sulphide is a colourless liquid possessing an 
unpleasant musty odour and having no vesicant action on the 
skin; it boils at 56—57°/16 mm., at 66°5—67°5°/27 mm., and at 
76—77°/41 mm., and has the density dj" 1:1992. These deter- 


minations are in good accord with the constants given by Bales | 
and Nickelson (loc. cit.). It is interesting to note that the isomeric 
68’-dichlorodiethyl sulphide has an appreciably greater density 
and higher boiling point; Gibson and Pope (T., 1920, 117, 276) | 
give the density di? 1:285, and the boiling point has been deter- 


mined as 107—108°/16 mm. The ««’-isomeride does not solidify 
on immersion in an ice-salt mixture, but forms a hard, crystalline 
mass when cooled in a mixture of solid carbon dioxide and ether; 
it is less stable than the $8’-isomeride and soon commences to 
evolve hydrogen chloride on exposure to the air, although it can 
be preserved indefinitely in a dry atmosphere. Attempts to 
prepare the corresponding sulphoxide were unsuccessful; the 
sulphide is oxidised vigorously by nitric acid, and a burst of flame 


results when it is dropped into fuming nitric acid. Numerous | 
attempts to moderate the oxidation of the compound by nitric | 


B ldeh 


acid merely yielded solutions from which oxalic acid was separable 
as the most important product. 

Unlike its lower homologue, ««’-dichlorodiethyl sulphide could 
not be converted into a sulphilimine with chloramine T, only p- 
toluenesulphonamide being produced during the reaction; further, 
no condensation product of the sulphide with ethyl ethanetetra- 
carboxylate could be obtained. 

ac’-Diethoxydiethyl Sulphide, (OEt*CHMe),S.—c««’-Dichlorodi- 
ethyl sulphide (19°5 grams) is added to a solution of sodium (56 
grams) in alcohol (250 e.c.) and the solution boiled for three hours; 
after separating the sodium chloride and evaporating off the alcohol, 
the residue is distilled under diminished pressure through a short 
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olumn. «a'-Diethoxydiethyl sulphide is thus obtained in almost 
theoretical yield as a colourless liquid boiling at 87—87°5°/21 mm. 
found: C= 539; H=10'4; S= 182. C,H,,0,8 requires 


91°/14 
low. 


ddi 

nak (= 539; H= 102; S = 18-0 per cent.). The compound has 

rocen glut a faint odour, is vigorously oxidised by cold concentrated nitric 
gen . ition by ntrat 

under aid, and does not yield a sulphilimine with chloramine T. 


Diethylidene Trisulphide, S<Ouryjo>S8.—This substance, which 
jsformed during the action of the sulphur chlorides on «-trithio- 
wetaldehyde, was obtained after repeated fractionation as a pale 
geen liquid which does not fume in the air and boils at 89—90°/ 
4mm. (Found: C = 316; H= 5:3; S = 62°6. C,H,S, requires 
(=315; H=53; S = 63-2 per cent.). Cold concentrated 
iitric acid immediately oxidises the compound with liberation of 
sulphur, so that the grouping :S‘S is probably present; it inflames 
when dropped into fuming nitric acid. When diethylidene tri- 
sulphide (2°2 grams) and methyl iodide (2°0 grams, 1 mol.) are 
nixed and the product is preserved in the dark for a week, it 
becomes almost black and develops an evil odour, whilst a crust 
of long needles is formed. The latter material, when separated 
and purified by crystallisation from alcohol, melts at 126°, and is 
4 proved by analysis and mixed melting-point determinations to be 
i-trithioacetaldehyde. 

During the separation of ««’-dichlorodiethyl sulphide and di- 


} and 
Ction 
scous 
rther 
thy! 
e of 


y an 
the 
1 at 
ter- 
ales 
eric 
sity 
76) 
er- 
ify 


ee cthylidene trisulphide from the product of the action of sulphur 
i monochloride upon «-trithioacetaldehyde, intermediate fractions 


containing the first two compounds named are obtained; when 
these are preserved for a fortnight, they become semi-solid owing 
to the crystallisation of §8-trithioacetaldehyde. This compound 
7 was identified by analysis and mixed melting-point determinations, 
and is formed by the interaction of ««’-dichlorodiethyl sulphide 
7 and diethylidene trisulphide. 
3 Action of the Sulphur Chlorides on Thialdine and 8-Trithiobenz- 
aldehyde—Sulphur monochloride acts violently upon thialdine, 
converting it into a black mass; the reaction may be moderated 
by working in carbon tetrachloride solution and cooling in ice-water, 
when a reddish-black solid separates and hydrogen chloride is 
7 evolved. On distillation under diminished pressure, only carbon 
7 tetrachloride distils and a voluminous black residue is left. A 
similar result is obtained when the sulphur monochloride is replaced 
by the dichloride. 

8-Trithiobenzaldehyde dissolves in sulphur monochloride and 
no hydrogen chloride is evolved on heating on the water-bath ; 
distillation under diminished pressure gives merely a little sulphur 
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monochloride and a very small amount of a purple oil. On sub. 
stituting sulphur dichloride for the monochloride and warming, a 
little hydrogen chloride is evolved; on distillation under 21 mn, 
pressure, a small proportion of an oil is obtained which was found 
to consist largely of benzal chloride. 


THE CHEMICAL LABORATORY, 
UNIVERSITY OF CAMBRIDGE. [Received, April 4th, 1923.] 


CXXXIV.—The Isomeric Trithioacetaldehydes. 


By FrrepEerick GroRGE MANN and WILLIAM JACKSON Poprr. 


We have attempted to prepare the hitherto unknown cyclic di. 


ethylidene disulphide, 8 oa >S, by the action of silver sulphide 


on alcoholic solutions of ««’-dichlorodiethyl sulphide; the reaction 
readily yields a white, crystalline substance melting at 81° and 
having the empirical composition of diethylidene disulphide. On 
attempting to prepare the methiodide of this substance by treat- 
ment with methyl iodide, we obtained a compound which had the 
same empirical composition and melted at 126°, and which we 
have identified with §-trithioacetaldehyde; molecular-weight 
determinations indicated that the compounds melting at 81° and 
126° are isomeric. 

Marckwald obtained a crystalline compound of the composition 
(C,H,S),, melting at 76°, by boiling thialdine thiocyanate with 
water (Ber., 1886, 19, 1826), and showed later that this product, 
which he named jy-trithioacetaldehyde, was converted into 
8-trithioacetaldehyde by treatment with ethyl iodide (Ber., 1887, 
20, 2817); Poleck and Thiimmel (Ber., 1889, 22, 2871) found that 
hydrogen sulphide converts vinyl mercuric oxychloride into a 
compound melting at 75—76°, which is apparently identical with 
y-trithioacetaldehyde. 

The constitution MeHo<S*CHMe> , is ordinarily assigned to 

S-CHMe 


the trithioacetaldehydes and, as Baumann and Frémm have pointed 
out (Ber., 1891, 24, 1419, 1457), the existence of two stereoisomerides 
may be anticipated; they regard the «- and 8-trithioacetaldchydes 
as possessing respectively the cis- and trans-configurations. The 
classification adopted by these authors provides no place for 
Marckwald’s y-trithioacetaldehyde, and they state that this latter 
is actually only an impure preparation of «-trithioacetaldehyde, 
which melts at 101°. The chief reason advanced by Baumann 
and Frémm for this conclusion is that their preparations of Marck- 
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wald’s y-isomeride, which melted at 71—77°, yielded pure 
,-trithioacetaldehyde, melting at 101°, when crystallised from 
acetone. 

The product melting at 81°, which we have obtained, is un- 
doubtedly isomeric with §-trithioacetaldehyde, into which it is 
converted by treatment with methyl iodide; we presume it to be 
a pure preparation of Marckwald’s y-trithioacetaldehyde, and we 
conclude that Baumann and Frémm were mistaken in disputing 
the existence of the third or y-isomeride. That our compound is 
pure is shown by the fact that we obtain it of the same melting 
point, 81°, by four methods, namely, by the action of silver oxide, 
sodium hydroxide, silver sulphide, and hydrogen sulphide on 
ux’-dichlorodiethyl sulphide, and that it sublimes without change 
in melting point. It should be noted further that the melting 
point of our preparations of y-trithioacetaldehyde is not affected by 
recrystallisation from acetone. 

It has been shown (this vol., p. 1177) that diethylidene trisulphide 
is converted into $-trithioacetaldehyde when treated with methyl 
iodide. The loss of sulphur which attends this conversion is not 
entirely without precedent, for Ray has shown (T., 1922, 121, 
1279) that triethylene tetrasulphide on treatment with ethyl 
iodide, mercuric chloride, or platinic chloride yields derivatives of 
triethylene trisulphide. Our diethylidene trisulphide is probably 
identical with an oil obtained by Klinger (Ber., 1878, 11, 1025) on 
treating monomolecular thioacetaldehyde with water and to which 
he assigned the composition 8C,H,S8,H,S; Klinger found that 
addition of a drop of acetaldehyde converted the oil into «-tri- 
thioacetaldehyde, whilst solution in sulphuric acid and precipitation 
by water yielded §-trithioacetaldehyde and sulphur. Suyver 
showed (Rec. trav. chim., 1905, [ii], 24, 377) that «-trithioacetaldehyde 
is partially converted into the 8-isomeride by treatment with ethyl 
iodide and other reagents. 


EXPERIMENTAL. 


Preparation of y-Trithioacetaldehyde.—1. By the action of silver 
sulphide on «x'-dichlorodiethyl sulphide. A solution of ««’-dichloro- 
diethyl sulphide (17-0 grams) in alcohol (20 c.c.) is slowly added to 
an excess of precipitated silver sulphide (31:0 grams) suspended 
in aleohol (75 ¢c.c.) and maintained at 0°. After standing for fifteen 
minutes, the solution is boiled for five hours under a reflux and 
then filtered hot, the precipitate being washed with a little hot 
alcohol. Warm water (10 c.c.) is added to the filtrate, which on 
cooling deposits the trithioaldehyde as a white, crystalline powder; 
a further deposit is obtained by pouring the filtrate from this into 
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twice its volume of ice-water. The crude product (8:0 grams), 
assuming that three molecules of the chlorinated ethyl sulphide 
give two of the trithioacetaldehyde, represents a yield of about 
60 per cent. of the theoretical. 

The crude product is recrystallised from hot 85 per cent. alcohol 
and then, to remove traces of occluded silver compounds, from 
light petroleum (b. p. 40—60°); on spontaneous evaporation of 
the solvent, y-trithioacetaldehyde is deposited in small, white 
crystals melting at 80°. A very small proportion of the 8-isomeride 
crystallises at the same time in long needles melting at 124— 
125°. 

2. By the action of hydrogen sulphide on ««'-dichlorodiethyl sulphide. 
A purer product is more readily prepared by passing dry hydrogen 
sulphide through a solution of ««’-dichlorodiethy! sulphide in twice 
its volume of alcohol; no change is apparent, but after standing 
over-night the solution becomes a semi-solid crystalline mass. On 
filtering and washing with a little alcohol, y-trithioacetaldehyde is 
obtained in small, white crystals melting at 81° (Found: C = 403; 
H = 6°78; S= 536; M, by cryoscopic method in benzene, 
= 171, 172. C,H,S, requires C= 400; H=671; S=3533 
per cent.; M = 180). A mixture of this preparation with that 
made by the silver sulphide method melted at 80°5°. 

3. By the action of silver oxide on aa'-dichlorodiethyl sulphide. Dry 
silver oxide reacts vigorously with a cold alcoholic solution of 
a«’-dichlorodiethy] sulphide, heat being evolved and a smell of acet- 
aldehyde becoming apparent, whilst y-trithioacetaldehyde is 
produced. The reaction may be moderated by adding aza’-di- 
chlorodiethyl sulphide (6°7 grams), dissolved in alcohol (20 c.c.), 
to a suspension of silver oxide (9°7 grams) in alcohol (25 c.c.) main- 
tained at 0° for half an hour. After boiling for four hours under 
a reflux and filtering, cooling, and diluting as above described, 
y-trithioacetaldehyde (1°85 grams) is obtained and this, after 
recrystallisation, melts at 80°; this melting point is unchanged 
when the product is mixed with a little of the substance prepared 
by the silver sulphide method. 

Since no evidence of the formation of the stable dimethyl-1 : 3- 
thioxan (Marckwald, loc. cit.) boiling at 166—168° could be obtained, 
and since acetaldehyde was found in the first runnings obtained by 
distilling the alcoholic mother-liquors from the preparation, it 
seems that the action of silver oxide on a«’-dichlorodiethy] sulphide 
is expressed by the equation 

38(C,H,Cl), + 3Ag,0 = (C,H,S)3 + 3CH,°CHO + 6AgCl. 
The yields obtained are about 70 per cent. of those required by this 
equation. 
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4, By the action of sodium hydroxide on ««'-dichlorodiethyl sulphide. 
When «aa’-dichlorodiethyl sulphide is boiled for some time with 
sodium hydroxide (2 mols.) in aqueous solution and the liquid 
cooled, a heavy, semi-solid oil separates; this latter, when drained 
on a plate and crystallised from 85 per cent. alcohol, yields pure 
y-trithioacetaldehyde melting at 81°. The action of sodium 
hydroxide is thus similar to that of silver oxide. 

y-Trithioacetaldehyde has a faint unpleasant odour—not an 
extremely strong one as described by Marckwald—which is much 
less noticeable than that of diethylene disulphide. It dissolves 
readily in all common organic solvents and crystallises best from 
85 per cent. alcohol; it sublimes readily at 100°, yielding long 
needles melting at 81°. Its melting point is unchanged on crystal- 
lisation from, or by one hour’s boiling with, acetone, so that 
Baumann and Frémm’s statement that it gives the «-isomeride 
on such treatment is incorrect. 

Conversion of y- into B-T'rithioacetaldehyde.—y-Trithioacetaldehyde 
dissolves when heated at 30° with three molecular proportions of 
methyl iodide, and the solution, after several days’ standing, 
deposits a mass of felted needles; these on recrystallisation from 
hot alcohol melt at 126° (Found: C = 40:2; H = 677; S = 53°0; 
M, by cryoscopic method in benzene, = 168, 171. Calc. for 


C,H,.S3, C= 400; H=6°71; S = 533 per cent.; JZ = 180). 
This substance does not depress the melting point of (-trithio- 
acetaldehyde prepared by the method of Baumann and Frémm 
(Ber., 1889, 22, 2600); no doubt can therefore exist concerning 
the identity of the two products. 


THe CHEMICAL LABORATORY, 
UNIVERSITY OF CAMBRIDGE. [Received, April 4th, 1923.] 


CXXXV.—The Sulphides of Ammonium. 
By Joun SmEatTH THomAs and RicHarD WILLIAM RIDING. 


ALTHOUGH aqueous solutions containing ammonium hydrosulphide 
and ammonium monosulphide, and, indeed, polysulphides also, 
are largely employed in analytical operations, these substances 
are not well known in the anhydrous condition; some have never 
been isolated, and it is extremely doubtful if others, descriptions of 
which appear in the literature, have ever been obtained in the 
pure state. 

Bineau (Ann. Chim. Phys., 1838, [ii], 67, 225) obtained ammonium 
hydrosulphide in the form of colourless needles and plates by 
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mixing ammonia and hydrogen sulphide in approximately equal 
proportions by volume, and Bloxam (Chem. News, 1893, 68, 97) 
showed that, provided there was no excess of ammonia, the 
ammonium hydrosulphide thus obtained was pure. Attempts to 
obtain the substance by the use of non-aqueous solvents do not 
appear to have been successful. Bloxam (T., 1895, 67, 283) 
passed hydrogen sulphide into alcoholic solutions of ammonia, 
but the crystals he obtained invariably had the composition 
(NH,),.S,.NH,HS, together with varying amounts of alcohol. 
Bineau’s method, therefore, still remained the only satisfactory 
method of preparing ammonium hydrosulphide. 

The monosulphide is still more obscure. Bineau (Ann. Chim, 
Phys., 1839, [ii], 70, 261) described its preparation by the inter. 
action of two volumes of ammonia and one volume of hydro. 
gen sulphide at — 18°. Bloxam states, however (loc. cit.), that 
the mica-like crystals thus obtained have the composition 
(NH,).S,.NH,HS and that in the presence of large excess of 
ammonia an oily liquid having the composition (NH,).$,2NH, is 
formed. By carefully adjusting the volumes of the reacting gases 
and also their rates of flow, Bloxam claimed to have obtained 
micaceous crystals of ammonium monosulphide, but his description 
leaves no doubt that these crystals were always contaminated to a 
greater or less extent with ammonium hydrosulphide. 

The present authors had as their primary object the preparation 
of polysulphides of ammonium by the method successfully employed 
by Rule and Thomas (T., 1911, 99, 558; 1913, 103, 871; 1914, 
105, 177) in their work on the polysulphides of sodium and 
potassium. This method of preparation is based on the action of 
the hydrosulphide in dry alcohol on sulphur, and, since ammonium 
hydrosulphide in alcoholic solution thus became the starting point 
in the preparation of the ammonium polysuiphides, it seemed 
desirable at the same time to attempt the preparation of this 
substance, and also the monosulphide, in the anhydrous condition. 


EXPERIMENTAL. 
Ammonium Hydrosulphide. 


The alcohol employed was dried by keeping it for twenty-four 
hours over freshiy burned quicklime and then distilling it. The 
ammonia and the hydrogen sulphide were also carefully dried, the 
former by means of quicklime and the latter, after washing with 
water, by passing it through a long tube filled with calcium 
chloride. 

A stock solution of ammonia in alcohol was prepared and a 
number of experiments were carried out in which dry hydrogen 
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sulphide was added, the relative amount of the gas, its rate cf 
fow, and the temperature being varied. The crystals which 
separated from the solution took the form of large, glistening 
plates; they were rapidly collected, washed with dry ether, and 
analysed. 

The ammonia was estimated by direct titration with standard 
acid, using methyl-orange as indicator. The sulphur also was 
estimated volumetrically. An excess of N/10-iodine was added, 
the excess being then estimated by means of N/10-scdium thio- 
sulphate. Preliminary experiments, in which the results obtained 
by this method were compared with those obtained when, after 
oxidising with bromine, the sulphur was precipitated and weighed 
as barium sulphate, proved this method to be sufficiently accurate. 

Mention has already been made of Bloxam’s attempt to 
prepare ammonium hydrosulphide by the action of hydrogen 
sulphide on alcoholic solutions of ammonia. He concluded that 
the crystals obtained were always complexes of the type 
(NH,).S,~NH,HS,2C,H,;-OH, and that the method was useless 
for the preparation of pure ammonium hydrosulphide. In the 
present investigation, the composition of the crystals obtained 
was found to vary considerably, but there seems to be little evidence 
of the formation of definite complexes. The solutions appear to 
contain both ammonium hydrosulphide and ammonium mono- 
sulphide in equilibrium with each other, and from them, by choosing 
the most suitable conditions, not only the pure hydrosulphide, but 
the monosulphide also, can be obtained. 

In one experiment, 100 c.c. of an alcoholic solution of ammonia, 
containing 53 grams of ammonia per litre, were treated with dry 
hydrogen sulphide until the gas ceased to be absorbed. The 
solution became faintly yellow and a mass of large, glistening 
crystals was deposited. These were collected, washed, and analysed 
(Found: NH, = 29°25; H,S = 40°81; molecular ratio 1°43. 
(NH,).S,NH,HS,C,H;-OH requires NH, = 30°87; H,S = 41°32 
per cent.; ratio 1°5]. 

These crystals undoubtedly contained ammonium hydrosulphide, 
for on dissolving them in water and adding sulphur to the solution 
hydrogen sulphide was evolved and a deep red solution obtained. 
The monosulphide does not behave in this manner. 

The reaction between ammonia and hydrogen sulphide is exo- 
thermic and the solution rapidly becomes warm, much hydro- 
sulphide being lost by volatilisation. On passing the escaping 
gases through a cooled vessel, beautiful crystals of ammonium 
hydrosulphide were deposited therein, the quantity depending on 


the rate of flow of the hydrogen sulphide and on the temperature. 
SS2 
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In the next series of experiments, the solution was kept at 0° 
and the hydrogen sulphide passed in slowly. Dense masses of 
crystals were deposited, which were collected rapidly, washed with 
a little cold alcohol, and dried by suction. During the drying 
process much of the solid dissociated and was lost (Found : NH, = 
35°34; H,S = 58°80 per cent.). The substance probably still 
contained alcohol, but the molecular ratio of ammonia to hydrogen 
sulphide is that theoretically required for (NH,),S,4NH,HS, 
namely, 1:20. Notwithstanding this agreement, the authors do 
not feel justified in looking on this substance as a definite compound, 
On performing the experiment again under similar conditions, 
slightly different ratios were always obtained. The ratio was, 
however, always smaller when the crystals were prepared at low 
temperatures, although in no case was the value 1, corresponding 
to pure hydrosulphide, obtained. Moreover, it was found impos- 
sible completely to free the crystals from alcohol. Attempts were 
made to obtain them in the pure state by keeping them over various 
absorbents in an atmosphere of hydrogen sulphide, but without 
success. 

When the crystals obtained in the experiment just described 
were repeatedly washed with small quantities of alcohol, a substance 
was obtained in which the ratio [NH,]/[H,S] was approximately 1. 
A large quantity of the crystals was therefore sealed up with 20 c.c. 
of alcohol and kept at 25°. After twenty-four hours, the solution 
was filtered and the ratio [NH;]/[H,S] was determined in both 
crystals and liquid. This process was repeated several times and 
the results obtained are given in the following table. 


TABLE I, 


Substance. [NH,]/(H,S]. Substance. [NH,]/(H.5]. 
Original crystals 1-20 Crystals after second wash 1-073) 
{ Crystals after first wash 1-12) Wash alcohol 1-235) 
\ Wash alcohol 1:38f Crystals after third wash 0-993) 
{wash alcohol 1-027 J 


The crystals finally obtained were dried as far as possible from 
alcohol and analysed (Found: NH, = 31:52; H,S = 65°92; 
ratio 0°96. NH,HS requires NH, = 33°33; H,S = 66°66 per 
cent.; ratio 1). : 

Thus the crystals would appear to be ammonium hydrosulphide; | 
they still contain about 3 per cent. of alcohol, however, and this | 
could not be removed. 

Unlike the hydrosulphides of sodium and potassium, ammonium 
hydrosulphide, when precipitated from solution in alcohol by the 
addition of ether, was also found to contain alcohol, which could 
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not be removed by washing with ether. The method employed by 
Rule (T., 1911, 99, 558) for the preparation of the anhydrous 
hydrosulphides of the alkali metals is, therefore, not applicable 
to the preparation of ammonium hydrosulphide. 

In the opinion of the present authors, anhydrous ammonium 
hydrosulphide is best obtained by alternately passing dry ammonia 
and dry hydrogen sulphide into carefully dried ether. In an 
experiment, beautiful white crystals were obtained which were 
collected by the aid of the pump and rapidly dried. After standing 
over paraffin wax in a desiccator for some days, they were analysed. 
The crystals dissociate very rapidly at room temperature and 
therefore low results were to be expected (Found: NH, = 33:23; 
H,S = 66-08 per cent.; ratio 1-006). 

As obtained in this way, ammonium hydrosulphide is a pure 
white substance consisting of a mass of fine, needle-shaped crystals. 
It dissociates rapidly and can only be kept in sealed vessels. It is 
insoluble in ether or benzene, but readily dissolves both in water 
and in alcohol, forming colourless solutions which rapidly turn 
yellow owing to oxidation and the consequent formation of poly- 
sulphides. After some time, sulphur is deposited from these 
solutions and on examination they were found to contain thio- 
sulphate also. When an alcoholic solution of ammonium hydro- 
sulphide is heated, it turns brown and sulphur is deposited in 
monoclinic crystals. It is interesting to notice that, according to 
Wetherill (Amer. J. Sci., 1865, [ii], 40, 338), if a small amount of 
thombic sulphur is initially present the sulphur deposited will be 
in the rhombic form. 

When solutions of ammonium hydrosulphide in alcohol are 
4 treated with sulphur, hydrogen sulphide is evolved and the sulphur 

is dissolved, ammonium pentasulphide being formed. In this 
7 respect, therefore, ammonium hydrosulphide resembles potassium 
4 hydrosulphide. 
Ammonium Monosulphide. 

This substance is stated by Bloxam (loc. cit.) to be deposited in 
the form of micaceous crystals when hydrogen sulphide is mixed 
with considerable excess of ammonia at — 18°. Itis clear, however, 
from his description that the product obtained by Bloxam was 
always contaminated to a considerable extent with hydrosulphide, 
} and the present authors have been unable to obtain ammonium 
monosulphide free from hydrosulphide by this method. 

In the course of experiments in which attempts were made to 
prepare the hydrosulphide by the action of hydrogen sulphide on 
solutions of ammonia in alcohol, it was observed that the ratio 
[NH,]/[H,S] in the liquid was very much higher when the temper- 


1186 THOMAS AND RIDING: THE SULPHIDES OF AMMONIUM. 


ature was allowed to rise than when the solution was cooled during 
the passage of the gas. On the addition of ether to these solutions, 
a precipitate was obtained the composition of which varied with 
the composition of the solution, and it thus appeared that ammonium 
monosulphide might be obtained from such solutions by fractional 
precipitation with ether. 

In an experiment, 300 c.c. of the stock ammonia solution were 
treated with a rapid stream of hydrogen sulphide. The temperature 
rose to 58°, and no crystals were deposited. The ratio [NH,]/[H,S], 
determined in the solution by titration, was found to be 1°84, 
That this solution contained but little hydrosulphide was shown 
by the fact that it would not dissolve sulphur at all readily, the 
solution thus obtained being only pale yellow in colour. 

On adding ether to the solution just described, a heavy, white 
precipitate was immediately thrown down. Three specimens were 
obtained by the successive addition of three amounts of ether, 
each of 100 c.c. On determining the ratio [NH,]/[H,S] in these 
precipitates, the following values were found (a) 1°15, (b) 1-097, 
(c) 1051. It is obvious, therefore, that hydrosulphide only is 
obtained by this method of procedure. This result can be explained 
by the great readiness with which ammonium monosulphide dis- 
sociates into the hydrosulphide and free ammonia. 

Since ammonia is very readily soluble in ether, it is in the highest 
degree probable that, even although the monosulphide were first 
formed, the addition of a considerable quantity of ether would 
favour its dissociation, and this view was supported by the observa- 
tion that the ratio [NH,]/[H,S] was somewhat higher when smaller 
quantities of ether were employed. . 

A similar experiment was therefore made, in which, instead of 
pure ether, ether saturated with ammonia was used as the pre- 
cipitating agent. The ratio in the original alcoholic solution was 
1°93, and, as before, three precipitates were obtained by the addition 
of three successive amounts of 100 c.c. each of the precipitating 
liquid. These precipitates were analysed, a matter of great 
difficulty, owing to the rapidity with which dissociation took place. 
In the first instance, the ratio was determined by dissolving a 
quantity of the material in water and estimating the ammonia 
and the hydrogen sulphide in the solution by the methods already 
described. The ratios for the three precipitates were thus found 
to be 1°77, 1°86, and 1:91, respectively. These crystals were 
different in appearance from the ammonium hydrosulphide obtained 
in the previous experiment. They seemed to be transparent cubes 
and they decomposed very much more readily, giving off ammonia 
copiously, but apparently very little hydrogen sulphide. An 
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attempt was made to obtain the exact composition of the crystals 
by transferring them rapidly to a weighing bottle, weighing, and 
then opening the weighing bottle under water [Found: NH, = 


with 

nium § 821; H,S = 29°81; ratio 1°893. (NH,).S,C,H;-OH requires 

ional § NH; = 29°83; H,S = 29°83 per cent.; ratio 2]. In view of the 
fact that ammonia was certainly lost during the weighing of the 

were substance, the authors feel justified in regarding it as ammon- 

1ture ium monosulphide combined with one molecule of alcohol of 


crystallisation. 

In another experiment, a large quantity of ether, saturated with 
ammonia, was added to an alcoholic solution in which the ratio 
(NH,]/[H,S] was 1°93 and which had been cooled in a freezing 
mixture. The result was interesting. In this case, no crystals 
were obtained, but a heavy, highly refracting oil of a light yellow 
colour separated out. Bloxam obtained a similar oil by mixing 


vere 
her, @ hydrogen sulphide with an excess of ammonia at —18°. On 
1ese-~( analysis, the liquid was found still to contain alcohol, but the value 


37 was obtained for the ratio [NH,]/[H,S], and this is in fair agree- 
ment with the formula (NH,),S,2NH, assigned by Bloxam to the 
substance obtained by him. This compound was subsequently 
obtained in a state of purity by a method presently to be 
described. 

The action of hydrogen sulphide on solutions of ammonia in 
ether has already been shown to yield ammonium hydrosulphide. 
Attempts were next made to convert this substance into the mono- 
sulphide by shaking it with ether which was kept constantly 
saturated with ammonia. In one experiment, 200 c.c. of ether 
were saturated with ammonia, the containing vessel being immersed 


of J inice. Hydrogen sulphide was then passed into the cooled liquid 
e- until no more appeared to be absorbed. A further 200 c.c. of 
as ij ether was then added and the liquid again saturated with ammonia. 
m § A small quantity of the precipitate was then removed in which 
i if the ratio [NH,]/[H.S] was determined, and the vessel was then 
it. J set aside in a cool place and was shaken at intervals. From time 
e, to time, specimens of the precipitate were removed and analysed, 
a more ammonia being at the same time passed into the liquid, 
a which was thus kept saturated with the gas. The results given 
y below indicate that some monosulphide was formed, for the ratio 
1 [NH;]/[H,S] was found to increase. The rate of increase was, 
e 9 however, extremely slow, probably because of the exceedingly 
| slight solubility of ammonium hydrosulphide in ether. After five 
; days, the ratio had reached the value 1°39, but the increase in the 
last two days only amounted to 0°03, and no further determinations 


were made. 


1188 THOMAS AND RIDING: THE SULPHIDES OF AMMONIUM. 


TaBLeE II. 
Time in days. [NH,]/[H,S]. Increase in ratio. 
1-035 


1-23 0-195 
1-32 0-09 
1-36 0-04 
1-39 0-03 


At this point, 2 c.c. of alcohol were added and the vessel was 
immersed in a freezing mixture, the temperature of the liquid 
falling to — 10°. The liquid was left over-night, and in the 
morning a considerable quantity of yellow oil had separated, 
suspended in which were a few fairly large, transparent crystals, 
apparently cubical in form. The oil was analysed in the following 
way. ‘Through the cork closing the neck of the conical flask in 
which the preparation had been made a tube was introduced, the 
end of which projected into the oil, but remained above the crystals, 
Outside the flask, the tube was provided with two stopcocks, 
between which a small bulb had been blown. Before the experi- 
ment, the tube was weighed. On opening the taps, the pressure 
in the apparatus forced oil into the bulb and as soon as sufficient 
had been collected the taps were again closed. During this stage, 
it was found advantageous to surround that portion of the tube 
which was outside the flask with a freezing mixture. When every- 
thing was ready, the tube was withdrawn and carefully cleaned. 
It was then weighed, opened under water, and the ammonia and 
the hydrogen sulphide estimated in the manner previously 
described [Found: NH, = 6616; H,S = 33°27; ratio 3°97. 
(NH,).8,2NH, requires NH, = 66°66; H,S = 33°33 per cent.; 
ratio 4]. 

When kept in an open vessel, the oil rapidly decomposed and 
transparent, cubic crystals were deposited which in turn very 
quickly dissociated. ‘These crystals appeared to be identical in 
composition with those observed accompanying the oil immediately 
after its preparation. 

Several attempts were made to obtain an accurate analysis of 
these crystals, but the rapidity with which they decompose and the 
difficulty of obtaining them quite free from liquid rendered this 
impossible. Several determinations of the ratio [NH,]/[H,S] were 
made, however, yielding values varying between 1°92 and 2°l1l. 
Here, again, accurate results could not be expected. From the 
method of preparation, however, these crystals could not contain 
aleohol and the authors believe them to consist of anhydrous 
ammonium monosulphide. 
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Summary. 

1. The solutions obtained by the action of hydrogen sulphide 
m alcoholic solutions of ammonia contain both ammonium hydro- 
alphide and monosulphide in equilibrium with each other and 
fom them crystals of varying composition separate. No evidence 
yas obtained of the formation of solid complexes. 

9. Low temperatures favour the formation of the hydrosulphide 
in the solution, the monosulphide being mainly produced when the 
temperature is allowed to rise. Nearly pure hydrosulphide was 
obtained by crystallising a solution prepared at 0° and rapidly 
yashing the crystals with small quantities of dry alcohol. On 
factionally precipitating solutions, the temperature of which had 
been allowed to rise, with ether saturated with ammonia, crystals 
of the monosulphide with one molecule of alcohol of crystallisation 
were obtained. 

3. Anhydrous ammonium hydrosulphide is best prepared by 
alternately passing ammonia and hydrogen sulphide into dry ether. 

4, Attempts to convert the hydrosulphide into the monosulphide 
by the prolonged action of saturated solutions of ammonia in 
ether failed, but in the presence of a small quantity of alcohol a 
yellow oil having the composition (NH,),8,2NH, separated out, 
together with a few transparent, cubic crystals, believed to be 


auhydrous ammonium sulphide. Similar crystals were obtained 
when the oil was kept in an open vessel. The ratio [NH3]/[H,S] 
was determined for these crystals, the results lying between 1°92 
and 2°11. In view of the great difficulty of obtaining an accurate 
analysis, this is considered to be in good agreement with the value 
2 required by theory for (NH,),S. 


In conclusion, the authors desire to express their thanks to 
Professor E. C. C. Baly, C.B.E., F.R.S., for granting facilities for 
carying out the work and for much kindly help and criticism 
during its progress; and also to Mr. J. H. Jones, B.Sc., and Mr. H. 
Evers, B.Sc., who made some oi the preparations. 
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CXXXVI.—The Isomerism of the Oximes. Part XI, 
Carbethoxy-derivatives. 


By Oscar Liste Brapy and GERALD Patrick MoHveu. 


THE study of the carbethoxy-derivatives of the oximes was com- 
menced by Dunn and one of us some eight yearsago. Circumstances, 
however, prevented its completion, and the action of ethyl chloro. 
formate on the sodium salts of but three oximes was studied. It 
was found (T., 1916, 109, 678) that m-nitro- and p-dimethylamino. 
benzantialdoximes in sodium hydroxide solution on shaking with 
ethyl chloroformate gave carbethoxy-derivatives which, on 
hydrolysis with hot sodium hydroxide solution, regenerated the 
original oximes, but that p-nitrobenzantialdoxime, on similar 
treatment, gave a carbethoxy-compound (m. p. 94°) which on 
hydrolysis gave p-nitrobenzonitrile. When this derivative was 
boiled with alcohol, isomeric change took place and another carb- 
ethoxy-compound was obtained (m. p. 109°) which on hydrolysis 
gave p-nitrobenzantialdoxime. On the basis of the Hantzsch- 
Werner stereochemical hypothesis for the isomerism of the oximes, it 
seemed reasonable to suppose that the derivatives which on hydrolysis 
regenerated the anti-oxime possessed the anti-configuration, and 
those which gave the nitrile in these circumstances the syn-con- 
figuration ; indeed, this assumption, applied to the acetyl compounds, | 
is the basis of Hantzsch’s method for the determination of the 
configuration of aldoximes (Hantzsch and Miolati, Z. physikal. 
Chem., 1892, 10, 1; 1894, 13, 509). The reactions were therefore 
represented as follows : 


Me,N-C,HyCH Ns0#+000.8 Me.N-C,H, CH 
“a + EtO,C-O-N 


(p)NO°CgHyC HNs08 +000: O1OOrES NOgCgHy’ CH = NO, CeHi,¢ 
HO-N yo N*°O*CO,Et I 
< jsomne 


<j, ange 
NO,C,HyCH © 
EtO,C-O-N 


The possibility that, on the analogy of certain reactions of the 
ethylene derivatives, trans-elimination may take place more readily 
than cis-elimination has not been overlooked. If this were the case, 
all our formule for the oximes would have to be inverted, but until 
some direct evidence of trans-elimination among these compounds 
is forthcoming there seems to be no reason to introduce confusion by | 
any departure from Hantzsch’s original conception. 
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The action of ethyl chloroformate on an alkaline solution of 
p-nitrobenzantialdoxime resulted in a change of configuration, but 
this did not occur in the other two cases; although this inversion 
was not entirely novel (compare Brady and Dunn, T., 1913, 103, 
1613 ; 1916, 109, 651), it seemed of sufficient importance in connexion 
with the mechanism of oxime change to justify further study of the 
action of ethyl chloroformate on aromatic aldoximes of various 
types. Of those which are known to exist in two isomeric forms, 
o-, m-, and p-chloro, o-, m-, and p-nitro-, p-methoxy-, and 3: 4- 
methylenedioxy-benzaldoximes and benzaldoxime itself have now 
been employed, whilst of those which, so far, have only been 
obtained in one form, besides p-dimethylaminobenzantialdoxime 
already investigated, o-methoxy-, 3-nitro-p-dimethylamino-, and 
6-nitro-3 : 4-methylenedioxy-benzantialdoximes have been used. 
Although long experience has shown that oximes seldom behave as 
expected, the results obtained have been surprising, and are very 
difficult to interpret. 

When acted upon in solution in 2N-sodium hydroxide with ethyl 
chloroformate, benzantialdoxime, o-, m-, and p-chloro-, m-nitro-, 
p-dimethylamino-, 3-nitro-p-dimethylamino-, 6-nitro-3 : 4-methyl- 
enedioxy-, and o-methoxy-benzantialdoximes all yield carbethoxy- 
derivatives which on hydrolysis regenerate the original oximes, 
and may therefore be assumed to have the anti-configuration. On 
the other hand, p-nitro-, p-methoxy-, and 3 : 4-methylenedioxy- 
benzantialdoximes under similar conditions give carbethoxy- 
compounds which on hydrolysis yield the corresponding nitriles, 
and may be supposed to be syn-derivatives. o-Nitrobenzanti- 
aldoxime, when acted upon in alkaline solution with ethyl chloro- 
formate, gave o-nitrobenzonitrile direct, it being impossible to isolate 
an intermediate carbethoxy-compound. The carbethoxy-compound 
was, however, formed by the action of ethyl chloroformate on the 
dry silver salt of o-nitrobenzantialdoxime, and since dilute alkalis 
converted it into the nitrile it was apparently a syn-derivative. 
Whereas carbethoxy-p-nitrobenzsynaldoxime on boiling with alcohol 
was converted into carbethoxy-p-nitrobenzantialdoxime, the 
corresponding o-nitro-, p-methoxy-, and 3: 4-methylenedioxy- 
compounds were not affected by such treatment. Attempts to 
prepare the carbethoxy-anti-derivatives of these oximes were 
unsuccessful, as the syn-derivatives were always obtained even by 
the action of ethyl chloroformate on the dry silver salts of the 
anti-oximes. There seems to be no reason for the differential action 
of ethyl chloroformate. Although three of the oximes which gave 
syn-derivatives were para-substituted, o-nitrobenzantialdoxime 


behaved in a similar way, except that its carbethoxy-derivative 
ss* 2 
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was so unstable that the excess of alkali present caused immediate 
decomposition to o-nitrobenzonitrile. Moreover, p-dimethyl- 
amino-, 3-nitro-p-dimethylamino-, p-chloro-, and _ 6-nitro-3 : 4. 
methylenedioxy-benzantialdoximes suffered no change in con- 
figuration on conversion into their carbethoxy-derivatives. 

When the substituted benzsynaldoximes were treated in alkaline 
solution with ethyl chloroformate, the invariable product of the 
reaction was the corresponding nitrile, no carbethoxy-compound 
being formed even in the cases of p-methoxy- and 3 : 4-methylene- 
dioxy-benzsynaldoximes. This, apparently due to the hydrolysis 
of the carbethoxy-syn-derivative as formed, is somewhat remarkable, 
as carbethoxy-p-methoxy- and carbethoxy-3 : 4-methylenedioxy. 
benzsynaldoximes, when prepared from the anti-oximes, are 
precipitated in the presence of a similar excess of sodium hydroxide 
to that employed in the reaction with the syn-oximes. The 
phenomenon, however, is to a certain extent one of degree; carb- 
ethoxy-o-nitrobenzsynaldoxime is so sensitive to alkali that it is 
decomposed in the preparation from the anti-oxime; carbethoxy-p- 
methoxy- and carbethoxy-3 : 4-methylenedioxy-benzsynaldoximes 
are not so sensitive and are isolable when prepared from the anti- 
oximes, and can, moreover, be prepared from the syn-oximes by 
dissolving these in 2N-sodium hydroxide and shaking with a solution 
of ethyl chloroformate in ether so as to remove the compounds 
formed as much as possible from the influence of the alkali by 
solution in the ether layer. p-Nitrobenzsynaldoxime, however, 
still gave the nitrile by this method. 

Finally, it may be mentioned that the same carbethoxy-derivative 
was obtained from the silver salt of 3 : 4-methylenedioxybenzsyn- 
aldoxime as from the anti-oxime in alkaline solution and that 
carbethoxy-m-nitrobenzsynaldoxime was obtained from the silver 
salt of m-nitrobenzsynaldoxime, although in this case the anti-oxime 
yielded carbethoxy-m-nitrobenzantialdoxime. There seemed, 
therefore, no reason to suppose that the abnormal behaviour was 
due to an inherent instability of some of the carbethoxy-compounds 
rather than to those compounds possessing in some cases the anti- 
and in others the syn-configuration, although in every case they were 
obtained from the anti-oximes. 

The phenomena requiring explanation are, first, the formation in 
some cases of only syn-derivatives from anti-oximes, and, secondly, 
the formation of carbethoxy-syn-derivatives from p-methoxy-, 
3:4-methylenedioxy-, and p-nitro-benzantialdoximes in the 
presence of excess of alkali, although under the same conditions the 
corresponding syn-oximes yield nitriles. The behaviour of the 
various oximes, however, seems so capricious both towards ethyl 
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chloroformate and other reagents of a similar type that it appears 
undesirable at the moment to attempt to answer the riddle. 


EXPERIMENTAL. 

C,H,-CH 
EtO,C-O°-N 
antialdoxime were dissolved in 30 c.c. of 2N-sodium hydroxide and 
45 grams of ethyl chloroformate slowly added with constant 
shaking and cooling. The oil which separated was extracted with 
ether, the solution dried over anhydrous sodium sulphate, and the 
ether removed at room temperature. The semi-solid mass so 
obtained had an odour of ethyl chloroformate and was pressed 
on a porous tile and washed thereon with a small quantity of ether. 
The solid carbethoxy-compound so obtained was crystallised with 
difficulty by dissolving in a small quantity of cold acetone and adding 
water drop by drop until a faint cloudiness appeared, scratching 
vigorously until crystallisation started, and then adding a few more 
drops of water cautiously to increase the amount of substance 
thrown out of solution. This method is called in subsequent 
descriptions crystallisation from acetone and water. With many 
oximes and their derivatives this proves to be an excellent method 
of purification, and possesses the advantage that it is unnecessary 
to heat the solution with the consequent risk of isomeric change. 
Carbethoxybenzantialdoxime crystallises in white needles melting 
at 34—35° (Found: N =7-4. Cj 9H,,0,N requires N = 7°3 per 
eent.). The carbethoxy-compound was hydrolysed by heating on 
the water-bath with 2N-sodium hydroxide until it dissolved. The 
alkaline solution was saturated with carbon dioxide, when the 
characteristic odour of benzantialdoxime was observed, but, owing 
to the low melting point of this compound making it difficult to 
identify as such, it was not isolated. The solution was extracted 
with ether, the extract dried and saturated with hydrogen chloride, 
and the characteristic hydrochloride thereby precipitated was 
found to give benzsynaldoxime on treatment with sodium carbonate 
solution. 


Carbethoxy-o-chlorobenzantialdoxime, 


Carbethoxybenzantialdoxime, .—Five grams of benz- 


C,H,Cl-CH 
Et0,C-O-N 
of o-chlorobenzantialdoxime were dissolved in 25 c.c. of 2N-sodium 
hydroxide and 3°5 grams of ethyl chloroformate added with constant 
shaking and cooling. The product was treated as in the case of 
carbethoxybenzantialdoxime and crystallised from light petroleum 
in long, silky, white needles melting at 47° (Found: N = 6:2. 
Ci9H,90,NCI requires N = 6:2 per cent.). 

Carbethoxy-m-chlorobenzantialdoxime.—This was prepared from 


.—Five grams 
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m-chlorobenzantialdoxime in an analogous manner to the above 
and crystallised from acetone and water in large, white crystals 
melting at 37° (Found: N = 65. C,9H,90,NCl requires N = 6:2 
per cent.). 

Carbethoxy-p-chlorobenzantialdoxime.—This compound, prepared 
in an analogous manner to the above from p-chlorobenzantialdoxime, 
crystallised from acetone and water in white prisms melting at 83° 
(Found: N = 6:3. C,H ,90,NCl requires N = 6:2 per cent.). 

Attempt to Prepare Carbethoxy-p-chlorobenzsynaldoxime.—Attempts 
were made to prepare this compound by the action of ethyl chloro- 
formate on the silver salt of p-chlorobenzsynaldoxime (see 
carbethoxy-m-nitrobenzsynaldoxime below). These efforts were, 
however, frustrated by the ease with which the sodium salt of the 
syn-oxime hydrolysed in aqueous solution, which made it impossible 
to prepare the silver salt in the usual way. 

Hydrolysis of the Carbethoxychlorobenzantialdoximes.—The three 
carbethoxy-compounds above were hydrolysed as in the case of the 
benzantialdoxime derivative. On saturating the alkaline solutions 
with carbon dioxide, the respective oximes were precipitated in 
each case and identified by the melting points and mixed melting 
points with the original oximes. 

MeO-C,H,CH a. 

Et0,c-0N «Eve 
grams of o-methoxybenzantialdoxime, dissolved in 25 c.c. of 
2N-sodium hydroxide, were treated as before with 4 grams of ethyl 
chloroformate. ‘The derivative, isolated in the same way, crystallised 
from light petroleum in stout, colourless prisms melting at 52° 
(Found: N= 63. C,,H,,0,N requires N=63 per cent.). 
Hydrolysis of this compound with 2N-sodium hydroxide, followed 
by precipitation with carbon dioxide, regenerated the original 
oxime. 


Carbethoxy - 0 - methoxybenzantialdoxime, 


MeO:C,H,-CH dad 
N-O-CO,Et 
Five grams of p-methoxybenzantialdoxime (anisaldoxime) were 
dissolved in 25 c.c. of 2N-sodium hydroxide and treated with 4 
grams of ethyl chloroformate in the usual way. In this case, the 
carbethoxy-compound was deposited as a solid, which was separated 
by filtration instead of extraction with ether. It crystallised from 
acetone and water containing a small quantity of alcohol in white, 
glistening leaflets melting at 74° (Found: N=65. C,,H,,0,N 
requires N = 6:3 per cent.). This compound was hydrolysed by 
heating on the water-bath with 2N-sodium hydroxide for an hour. 
Ammonia was evolved and on saturating the solution with carbon 
dioxide no oxime was precipitated. Acidification with dilute 


Carbethoxy-p-methoxybenzsynaldoxime, 
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jydrochloric acid resulted in the precipitation of anisic acid, 
identified by its melting point and mixed melting point with 
mother specimen of that acid. Hydrolysis has consequently 
sulted in the production of anisonitrile and its further hydrolysis 
othe acid and ammonia. Carbethoxy-p-methoxybenzsynaldoxime 
yas boiled for an hour under reflux with alcohol, but the original 


smpound was recovered unchanged when the solution was diluted 
somewhat (compare carbethoxy-p-nitrobenzsynaldoxime, Brady 
and Dunn, loc. cit.). The same carbethoxy-p-methoxybenzsynald- 
oxime was obtained by shaking a solution of 5 grams of p-methoxy- 
benzsynaldoxime in 25 c.c. of 2N-sodium hydroxide with 4 grams of 
ethyl chloroformate, dissolved in 25 c.c. of ether, for some time, 
separating the ether layer, and evaporating. In this way, the chance 
of hydrolysis of the carbethoxy-compound is minimised, as it is 
rmoved from the action of the alkali by solution in the ether. 
Carbethoxy-3 : 4-methylenedioxybenzsynaldoxime, 
CH,0,-:C,H,*C H 
N-O-CO,Et 

—Three grams of 3: 4-methylenedioxybenzantialdoxime (piperon- 
aldoxime) were dissolved in 40 c.c. of 2N-sodium hydroxide and 
treated with 2 grams of ethyl chloroformate as before. The solid 
which was precipitated was erystallised from acetone and water, 
when the carbethoxy-compound was obtained in large, white, 
irregular crystals melting at 78° (Found: N= 5°8. C,,H,,0;N 
requires N = 5°9 per cent.). Hydrolysed in the same manner as 
the carbethoxy-p-methoxybenzsynaldoxime, it gave no oxime, but 
3:4-methylenedioxybenzoic acid, which was identified in the 
usual way. Boiling with alcohol under reflux for an hour did not 
bring about isomeric change, the original compound being recovered 
unaltered. A quantity of the solid carbethoxy-compound was 
melted on the water-bath for five hours; on cooling and crystal- 
lising the product from dilute alcohol, 3 : 4-methylenedioxybenzo- 
nitrile was obtained, being identified by the method of mixed melting 
points. Five grams of 3 : 4-methylenedioxybenzantialdoxime were 
dissolved in dry ether, and 0°7 gram of sodium, dissolved in the 
ninimum amount of alcohol, was added. The precipitated sodium 
salt was collected, washed with ether, dried, dissolved in water, and 
the calculated quantity (1 mol.) of silver nitrate added. The precipi- 
tated silver salt was collected, washed with water, pressed on a 
porous tile, and dried over sodium hydroxide in an evacuated 
desiccator. The silver salt so obtained was finely ground, suspended 
in dry ether, and three-fourths of the calculated quantity of ethyl 
chloroformate added. After leaving for forty-eight hours in the 
dark, the unchanged compound and silver chloride were removed 
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and the ethereal solution was evaporated at room temperature, 
A crystalline mass remained which after washing with a small 
quantity of ether was crystallised from acetone and water. The 
product so obtained was identical in properties with the carbethoxy. 
3 : 4-methylenedioxybenzsynaldoxime prepared by the first method, 
melting at 77° and not depressing the melting point of a specimen of 
that compound. Treatment of 3:4-methylenedioxybenzsynaldoxime 
in sodium hydroxide solution with a solution of ethyl chloroformate 
in ether in the manner described above for p-methoxybenzsynald. 
oxime also gave the same carbethoxy-compound, as did the treat. 
ment of the silver salt of the syn-oxime in an analogous manner to 
that of the anti-oxime. 
NO,°0,Hy'C H 
N:0°CO,Et 
o-nitrobenzantialdoxime was treated in alkaline solution in the 
usual way with ethyl chloroformate, on one occasion a small 
quantity of a compound melting at 42° was obtained. All attempts 
to repeat this experiment were unsuccessful, as in every case the 
product which separated was found to be o-nitrobenzonitrile. 
The carbethoxy-derivative was, however, prepared by treating 
the dry silver salt of o-nitrobenzantialdoxime, obtained in 
the same manner as 3: 4-methylenedioxybenzantialdoxime, in 
ethereal suspension with somewhat less than the calculated quantity 
of ethyl chloroformate for forty-eight hours. On filtering and 
evaporating the ethereal solution, a product was obtained which 
after pressing on a porous tile crystallised from alcohol and water 
in short, white, prismatic needles melting at 42° (Found: N = 11°9. 
Cy9H490;N. requires N = 11°8 per cent.). As is usually the case 
with acyl derivatives of o-nitrobenzantialdoxime, heating with 
2N-sodium hydroxide resulted in profound decomposition of the 
carbethoxy-compound, but if a suspension in 2N-sodium hydroxide 
were left for two or three days at room temperature most of the 
compound passed into solution. After separating, the solid residue 
was crystallised from alcohol and found to consist of o-nitrobenzo- 
nitrile. The alkaline solution gave no precipitate of oxime when 
saturated with carbon dioxide, but when acidified with hydrochloric 
acid a precipitate of o-nitrobenzoic acid was obtained, which was 
identified in the usual way. When boiled under reflux with alcohol 
for an hour, carbethoxy-o-nitrobenzsynaldoxime was not converted 
into an anti-isomeride, the original compound being recovered. 
As in the case of p-chlorobenzsynaldoxime, the sodium salt of 
o-nitrobenzsynaldoxime was so readily hydrolysed by water that 
a satisfactory silver salt could not be obtained, and for this reason 
the action of ethyl chloroformate on this salt could not be studied. . 


Carbethoxy-o-nitrobenzsynaldoxime, —When 
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. . NO,°C,H,°CH a 

Carbethoxy-m-nitrobenzsynaldoxime, toc 0,Et’ The 
silver salt of m-nitrobenzsynaldoxime was prepared from pure 
m-nitrobenzsynaldoxime in the same way as the silver salt of 
3: 4-methylenedioxybenzantialdoxime above. An ethereal sus- 

nsion of this salt was left in the dark for forty-eight hours with 
slightly less than the calculated quantity of ethyl chloroformate. 
After filtering and removing the ether, a crystalline product was 
obtained which was purified by placing it in a dry folded filter 
paper and pouring boiling benzene over it and collecting the filtrate 
in a cooled vessel, when carbethoxy-m-nitrobenzsynaldoxime was 
obtained as a white, crystalline powder melting at 138° (Found : 
N=12:0. C,9H,90;N, requires N = 11°8 per cent.). When it 
was hydrolysed by heating for an hour with 2N-sodium hydroxide, 
ammonia was evolved; subsequent treatment with carbon dioxide 
gave no oxime, but acidifying with hydrochloric acid precipitated 
m-nitrobenzoic acid. 

Carbethoxy-derivatives of p-Nitrobenzaldoxime.—These have been 
described by Dunn and one of us (loc. cit.). The results there 
obtained were, however, unique, so the preparation of these com- 
pounds was twice repeated and the previous results were fully 
confirmed. An attempt to prepare carbethoxy-p-nitrobenzsynald- 
oxime from the silver salt of p-nitrobenzsynaldoxime was frustrated 
owing to the hydrolysis of the sodium salt of the syn-oxime in 
aqueous solution and the consequent difficulty in preparing the 
silver salt therefrom. 

Carbethoxy-3-nitro-4-dimethylaminobenzantialdoxime, 

NO,°C,H;(NMe,)-C H 

EtO,C-O°-N ~* 
—To a solution of 1 gram of 3-nitro-4-dimethylaminobenzantiald- 
oxime in 20 c.c. of 2N-sodium hydroxide was added 0°5 gram of ethyl 
chloroformate. On shaking the mixture for some time, the carb- 
ethoxy-compound was precipitated as an orange-coloured solid, 
which crystallised from acetone and water in orange plates melting at 
135° (Found : N = 14°8. C,,H,;0;N,; requires N = 14°9 per cent.). 
This compound was hydrolysed by heating on the water-bath with 
2N-sodium hydroxide until solution was complete. During the 
process, a small amount of ammoniacal vapour was evolved. On 
saturating the alkaline solution with carbon dioxide, a copious 
precipitate of 3-nitro-4-dimethylaminobenzantialdoxime was ob- 
tained. After removing this, acidification of the solution with 
dilute hydrochloric acid gave a small precipitate of a compound which 
after crystallisation melted at 174—176° and appeared to be 3-nitro- 
4-hydroxybenzoic acid. As by far the greater portion of the 
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by collision, the energy being degraded as heat (“ deactivation by 
collision ’’). 

(3) Secondary spontaneous thermal reactions. Such reactions 
may form a chain, accounting for extraordinarily small values of 
the ratio (Nernst, Z. Elektrochem., 1918, 24, 335). 

The first two causes make the ratio larger than unity; the third 
usually makes it smaller. So all actual cases are provided for. 

In this investigation was studied the application of the law to the 
photochemical decomposition in violet light of carbon tetrachloride 
solutions of chlorine peroxide, chlorine monoxide, and _ nitrogen 
trichloride. 

EXPERIMENTAL. 


Materials —The pure carbon tetrachloride of commerce was 
allowed to stand with chlorine peroxide, washed, dried with phos. 
phoric oxide, and fractionally distilled. 

Source of Light.—In order to reduce the necessary time of exposure 
of unstable solutions, an intense source of light is required. A 
carbon arc, taking 11 amperes at about 45 volts, with vertical, 
electromagnetically regulated negative electrode was used. The 
hand-fed positive electrode was horizontal, and was only 7 mm. in 
diameter to minimise wandering of the “spot.” A permanent 
magnet deflected the arc so that the positive spot was situated at 
the extreme end of the electrode. With a condensing lens the light 
was concentrated on an aperture of area about 4 sq. cm., behind 
which the photochemical cell was placed. The blue and violet 
rays were isolated by means of trough filters containing solutions of 

ferrous ammonium sulphate and copper sulphate, and of crystal- 
violet. 

The chief source of inaccuracy in the experiments was due to the 
fluctuations in the light intensity of the arc; this especially affected 
the absorption measurements. The inaccuracy on this account may 
reach 25 per cent. 

Photochemical Cell.—A flat-walled cell was constructed, of internal 
width about 5 mm. and volume about 4°5 c.c., somewhat resembling 
a pyknometer in shape, and fitted with two taps lubricated with 
phosphoric acid. Filling was accomplished by forcing the solution 
through a capillary tip inserted through the bore of one of the taps. 
With this cell an accurately reproducible volume is employed at 
each filling, and the whole of the liquid can be removed for titration ; 
auxiliary pipettes, involving exposure to air and loss of solute under 
the partial vacuum, are avoided; and loss of liquid during exposure 

is negligible. 
' Measurement of Energy.—The energy in the radiation employed 
was measured.;with a rough bolometer. A wide-angled cone of 
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about 20 ohms resistance, 2°5 cm. in diameter, was wound from 
42-gauge silk-covered copper wire one layer thick, held together with 
alittle shellac and blackened on the inside. The resistance change 
of this cone when heated by the radiation was measured against an 
approximately equal resistance composed of heavy-gauge manganin 


les yire. It was calibrated by measuring its change of resistance when 
to the different amounts of electrical energy were expended in it. Three 
loride § ot four minutes were necessary for the instrument to come into 
brogen equilibrium with the radiation. 


For the measurement of the energy absorbed in the various 
experiments a Melloni thermopile of 56 antimony-bismuth pairs 
was found convenient. Readings were made on a potentiometer 
| Was Bf wire connected in series with a suitable high resistance and an 
Phos. accumulator ; the arrangement being calibrated by comparison with 

the bolometer. 
ae The wave-lengths absorbed in these experiments reached from 
™ about 4100 A. to 4700 A. In calculating the number of quanta, a 

The representative mean wave-length 4450 A. has been employed; that 

is, hv = 4°42 x 10°? erg. 


Chlorine Peroxide Solutions. 


ight Chlorine peroxide, prepared in an all-glass apparatus by warming 
lind ff at 60° a mixture of 8 grams of potassium chlorate, 30 grams of 
olet § crystallised oxalic acid, and 4 c.c. of water (Bray, Z. physikal. 
sof | Chem., 1906, 54, 463, 569, 731), was passed into carbon tetrachloride. 
tal. § The gas and the solutions were dried with phosphoric oxide. The 
solutions are bright yellow and show a characteristic absorption 
the spectrum, consisting of bands in the blue and the violet equally 
ted spaced on a frequency scale, with maxima at 4675, 4520, 4370, and 
ay 4220 A. approximately. The bands are much fainter in the longer 
wave region. This spectrum resembles that found by Ka&bitz 
a (Diss., Bonn, 1905) for the gas. The solutions decompose slowly 
ng in the dark, the rate of decomposition depending on the free 


th space in the vessel above the liquid. 
mn In light, the decomposition may be represented stoicheiometrically 
8. 
“ the oxygen largely remaining in the solution in a supersaturated 
: condition. 

Chlorine peroxide and chlorine in presence of one another were 


estimated by addition to excess of potassium iodide and titration 
with sodium thiosulphate, first with the solution neutral, and then 
acidified with dilute acid (Bray, loc. cit.). 
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m-chlorobenzantialdoxime in an analogous manner to the above 
and crystallised from acetone and water in large, white crystals 
melting at 37° (Found: N = 65. Cj, 9H,90,NCl requires N = 62 
per cent.). 

Carbethoxy-p-chlorobenzantialdoxime.—This compound, prepared 
in an analogous manner to the above from p-chlorobenzantialdoxime, 
crystallised from acetone and water in white prisms melting at 83° 
(Found: N = 6:3. Cy, 9H,90,NCl requires N = 6:2 per cent.). 

Attempt to Prepare Carbethoxy-p-chlorobenzsynaldoxime.—Attempts 
were made to prepare this compound by the action of ethyl chloro. 
formate on the silver salt of p-chlorobenzsynaldoxime (see 
carbethoxy-m-nitrobenzsynaldoxime below). These efforts were, 
however, frustrated by the ease with which the sodium salt of the 
syn-oxime hydrolysed in aqueous solution, which made it impossible 
to prepare the silver salt in the usual way. 

Hydrolysis of the Carbethoxychlorobenzantialdoximes.—The three 
carbethoxy-compounds above were hydrolysed as in the case of the 
benzantialdoxime derivative. On saturating the alkaline solutions 
with carbon dioxide, the respective oximes were precipitated in 
each case and identified by the melting points and mixed melting 
points with the original oximes. 

MeO-C,H,CH  ». 

Et0,C-‘O-N ve 
grams of o-methoxybenzantialdoxime, dissolved in 25 c.c. of 
2N-sodium hydroxide, were treated as before with 4 grams of ethyl] 
chloroformate. The derivative, isolated in the same way, crystallised 
from light petroleum in stout, colourless prisms melting at 52° 
(Found: N= 63. C,,H,,0,N requires N=63 per cent.). 
Hydrolysis of this compound with 2N-sodium hydroxide, followed 
by precipitation with carbon dioxide, regenerated the original 
oxime. 


Carbethoxy - 0 - methoxybenzantialdoxime, 


MeO-C, Hy CH = 
N-O-CO,Et 
Five grams of p-methoxybenzantialdoxime (anisaldoxime) were 
dissolved in 25 c.c. of 2N-sodium hydroxide and treated with 4 
grams of ethyl chloroformate in the usual way. In this case, the 
carbethoxy-compound was deposited as a solid, which was separated 
by filtration instead of extraction with ether. It crystallised from 
acetone and water containing a small quantity of alcohol in white, 
glistening leaflets melting at 74° (Found: N=6°5. C,,H,,0,N 
requires N = 6:3 per cent.). This compound was hydrolysed by 
heating on the water-bath with 2N-sodium hydroxide for an hour. 
Ammonia was evolved and on saturating the solution with carbon 
dioxide no oxime was precipitated. Acidification with dilute 
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bydrochloric acid resulted in the precipitation of anisic acid, 
jidentified by its melting point and mixed melting point with 
mother specimen of that acid. Hydrolysis has consequently 
resulted in the production of anisonitrile and its further hydrolysis 
to the acid and ammonia. Carbethoxy-p-methoxybenzsynaldoxime 
yas boiled for an hour under reflux with alcohol, but the original 
compound was recovered unchanged when the solution was diluted 
smewhat (compare carbethoxy-p-nitrobenzsynaldoxime, Brady 
and Dunn, loc. cit.). The same carbethoxy-p-methoxybenzsynald- 
oxime was obtained by shaking a solution of 5 grams of p-methoxy- 
henzsynaldoxime in 25 c.c. of 2N-sodium hydroxide with 4 grams of 


i cthyl chloroformate, dissolved in 25 c.c. of ether, for some time, 


separating the ether layer, and evaporating. In this way, the chance 
of hydrolysis of the carbethoxy-compound is minimised, as it is 
removed from the action of the alkali by solution in the ether. 
Carbethoxy-3 : 4-methylenedioxyhenzsynaldoxime, 
CH,0,:C,H3°C H 
N-O-CO,Et 
—Three grams of 3: 4-methylenedioxybenzantialdoxime (piperon- 
aldoxime) were dissolved in 40 c.c. of 2N-sodium hydroxide and 
treated with 2 grams of ethyl chloroformate as before. The solid 
which was precipitated was erystallised from acetone and water, 


| when the carbethoxy-compound was obtained in large, white, 


irregular crystals melting at 78° (Found: N= 58. C©,,H,,0;N 
requires N = 5°9 per cent.). Hydrolysed in the same manner as 
the carbethoxy-p-methoxybenzsynaldoxime, it gave no oxime, but 
3:4-methylenedioxybenzoic acid, which was identified in the 
usual way. Boiling with alcohol under reflux for an hour did not 
bring about isomeric change, the original compound being recovered 
unaltered. A quantity of the solid carbethoxy-compound was 
melted on the water-bath for five hours; on cooling and crystal- 
lising the product from dilute alcohol, 3 : 4-methylenedioxybenzo- 
nitrile was obtained, being identified by the method of mixed melting 
points. Five grams of 3 : 4-methylenedioxybenzantialdoxime were 
dissolved in dry ether, and 0°7 gram of sodium, dissolved in the 
minimum amount of alcohol, was added. ‘The precipitated sodium 
salt was collected, washed with ether, dried, dissolved in water, and 
the calculated quantity (1 mol.) of silver nitrate added. The precipi- 
tated silver salt was collected, washed with water, pressed on a 
porous tile, and dried over sodium hydroxide in an evacuated 
desiccator. The silver salt so obtained was finely ground, suspended 
in dry ether, and three-fourths of the calculated quantity of ethyl 
chloroformate added. After leaving for forty-eight hours in the 
dark, the unchanged compound and silver chloride were removed 
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and the ethereal solution was evaporated at room temperature, 
A crystalline mass remained which after washing with a smal] 
quantity of ether was crystallised from acetone and water. The 
product so obtained was identical in properties with the carbethoxy. 
3 : 4-methylenedioxybenzsynaldoxime prepared by the first method, 
melting at 77° and not depressing the melting point of a specimen of 
that compound. Treatment of 3:4-methylenedioxybenzsynaldoxime 
in sodium hydroxide solution with a solution of ethyl chloroformate 
in ether in the manner described above for p-methoxybenzsynald. 
oxime also gave the same carbethoxy-compound, as did the treat. 
ment of the silver salt of the syn-oxime in an analogous manner to 
that of the anti-oxime. 
NO,°C,H,CH ag 
ioc 0,Et’ When 
o-nitrobenzantialdoxime was treated in alkaline solution in the 
usual way with ethyl chloroformate, on one occasion a small 
quantity of a compound melting at 42° was obtained. All attempts 
to repeat this experiment were unsuccessful, as in every case the 
product which separated was found to be o-nitrobenzonitrile. 
The carbethoxy-derivative was, however, prepared by treating 
the dry silver salt of o-nitrobenzantialdoxime, obtained in 
the same manner as 3: 4-methylenedioxybenzantialdoxime, in 
ethereal suspension with somewhat less than the calculated quantity 
of ethyl chloroformate for forty-eight hours. On filtering and 
evaporating the ethereal solution, a product was obtained which 
after pressing on a porous tile crystallised from alcohol and water 
in short, white, prismatic needles melting at 42° (Found: N = 11°9. 
CoH ,,0;N, requires N =: 11°8 per cent.). As is usually the case 
with acyl derivatives of o-nitrobenzantialdoxime, heating with 
2N-sodium hydroxide resulted in profound decomposition of the 
carbethoxy-compound, but if a suspension in 2NV-sodium hydroxide 
were left for two or three days at room temperature most of the 
compound passed into solution. After separating, the solid residue 
was crystallised from alcohol and found to consist of o-nitrobenzo- 
nitrile. The alkaline solution gave no precipitate of oxime when 
saturated with carbon dioxide, but when acidified with hydrochloric 
acid a precipitate of o-nitrobenzoic acid was obtained, which was 
identified in the usual way. When boiled under reflux with alcohol 
for an hour, carbethoxy-o-nitrobenzsynaldoxime was not converted 
into an anti-isomeride, the original compound being recovered. 
As in the case of p-chlorobenzsynaldoxime, the sodium salt of 
o-nitrobenzsynaldoxime was so readily hydrolysed by water that 
a satisfactory silver salt could not be obtained, and for this reason 
the action of ethyl chloroformate on this salt could not be studied. . 


Carbethoxy-o-nitrobenzsynaldoxime, 
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NO,°C, Hy CH 
N-O-CO,Et™ 
silver salt of m-nitrobenzsynaldoxime was prepared from pure 
m-nitrobenzsynaldoxime in the same way as the silver salt of 
3: 4-methylenedioxybenzantialdoxime above. An ethereal sus- 
nsion of this salt was left in the dark for forty-eight hours with 
slightly less than the calculated quantity of ethyl chloroformate. 
After filtering and removing the ether, a crystalline product was 
obtained which was purified by placing it in a dry folded filter 
paper and pouring boiling benzene over it and collecting the filtrate 
in a cooled vessel, when carbethoxy-m-nitrobenzsynaldoxime was 
obtained as a white, crystalline powder melting at 138° (Found : 
N= 120. CoH 0O;N. requires N = 11°8 per cent.). When it 
was hydrolysed by heating for an hour with 2N-sodium hydroxide, 
ammonia was evolved; subsequent treatment with carbon dioxide 
gave no oxime, but acidifying with hydrochloric acid precipitated 
m-nitrobenzoic acid. 

Carbethoxy-derivatives of p-Nitrobenzaldoxime.—These have been 
described by Dunn and one of us (loc. cit.). The results there 
obtained were, however, unique, so the preparation of these com- 
pounds was twice repeated and the previous results were fully 
confirmed. An attempt to prepare carbethoxy-p-nitrobenzsynald- 
oxime from the silver salt of p-nitrobenzsynaldoxime was frustrated 
owing to the hydrolysis of the sodium salt of the syn-oxime in 
aqueous solution and the consequent difficulty in preparing the 
silver salt therefrom. 

Carbethoxy-3-nitro-4-dimethylaminobenzantialdoxime, 

NO,°C,H;(NMe,)-C H 

Et0,C-O-N ~ 
—To a solution of 1 gram of 3-nitro-4-dimethylaminobenzantiald- 
oxime in 20 c.c. of 2N-sodium hydroxide was added 0°5 gram of ethyl 
chloroformate. On shaking the mixture for some time, the carb- 
ethoxy-compound was precipitated as an orange-coloured solid, 
which crystallised from acetone and water in orange plates melting at 
135° (Found: N = 14°8. C,,H,,;0;N, requires N = 14°9 per cent.). 
This compound was hydrolysed by heating on the water-bath with 
2N-sodium hydroxide until solution was complete. During the 
process, a small amount of ammoniacal vapour was evolved. On 
saturating the alkaline solution with carbon dioxide, a copious 
precipitate of 3-nitro-4-dimethylaminobenzantialdoxime was ob- 
tained. After removing this, acidification of the solution with 
dilute hydrochloric acid gave a small precipitate of a compound which 
after crystallisation melted at 174—176° and appeared to be 3-nitro- 
4-hydroxybenzoic acid. As by far the greater portion of the 


Carbethoxy-m-nitrobenzsynaldoxime, —The 
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carbethoxy-derivative regenerated the original oxime, there js 
little doubt that the carbethoxy-compound had the anti-con. 
figuration. 

Carbethoxy-6-nitro-3 : 4-methylenedioxybenzantialdoxime, 

NO,*CgH,(CH,0,)CH 
EtO,C-O-N ~ 
—-This compound, prepared in an analogous manner to the above 
from 6-nitro-3 : 4-methylenedioxybenzantialdoxime, separates from 
the alkaline liquor as a faintly green solid, which crystallises from 
acetone and water in very pale yellow needles melting at 120° 
(Found: N= 10-2. C,,H,0-;N, requires N = 10-0 per cent.), 
When this compound is warmed with 2N-sodium hydroxide, 
profound decomposition takes place as in the case of carbethoxy- 
o-nitrobenzsynaldoxime, but if the solid be left for some days in 
contact with 2N-sodium hydroxide at room temperature, hydrolysis 
will take place smoothly and carbon dioxide will precipitate from 
the solution the original oxime. 

Action of Ethyl Chloroformate on Alkaline Solutions of syn-Ald- 
oximes.—The syn-aldoximes were dissolved in 2N-sodium hydroxide 
and shaken with slightly less than the calculated quantity (1 mol.) 
of ethyl chloroformate, keeping the solutions cold. The product 
which separated, if solid, was filtered off or, if oily, extracted with 
ether, the ethereal solution dried with anhydrous sodium sulphate, 
and the solvent removed at room temperature. With the exception 
of the product from benzsynaldoxime, a solid was obtained by these 
methods which was crystallised from acetone and water. In all 
cases investigated, namely, benzsynaldoxime, p-chloro-, o-, m-, and 
p-nitro-, 3: 4-methylenedioxy-, and p-methoxybenzsynaldoximes, 
the products obtained by the action of ethyl chloroformate proved 
to be the corresponding nitriles. In the case of benzonitrile, this 
was recognised by its odour and hydrolysis to benzoic acid and 
ammonia, whilst in the other cases the nitriles were identified by 
their melting points and mixed melting points with other specimens. 
When the alkaline solution of the syn-oxime was shaken with an 
ethereal solution of the ethyl chloroformate, whilst 3 : 4-methylene- 
dioxy- and p-methoxy-benzsynaldoximes gave the corresponding 
carbethoxy-synaldoximes (see above), m- and p-nitrobenzsynald- 
oximes under the same conditions still gave the nitriles. 
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OXXXVII.—The Photochemistry of Unstable 
Substances. 


By Epmunp JouN Bowen. 


4uona the various attempts to apply the quantum theory to the 
ove [problems of chemical reactivity is the so-called law of the photo- 
rom [chemical equivalence, first obtained by Einstein (Ann. Physik, 
rom 1912, 37, 832), which is generally accepted as forming a basis for 
20° &ithe consideration of photochemical reactions. The number of 


it.). [molecules reacting is equated to the number of quanta in the light 
ide, absorbed by the system. This law was shown by Einstein to be 
xy- [the necessary average (and approximate) result from the radiation 
‘in §laws in the case of a photochemical “stationary state ” having 
ysis ff properties of a rather hypothetical character. The view now taken 
om fis to regard the law as founded on the quantum absorption of 
radiant energy, and therefore as equally applicable to “ irreversible ” 
ld. | photochemical reactions. 
ide In the case of actual photochemical reactions, the ratio quanta 


1.) ff absorbed/molecules reacting assumes various values from © to 
ict ff about 10-29 (compare Bodenstein, Z. physikal. Chem., 1913, 85, 329). 
th § Important investigations of the experimental validity of the law 
te, ff have been made by Warburg (summary, Z. Elektrochem., 1920, 26, 
on 4), Henri and Wiirmser (J. Phys. Radium, 1913, [v], 3,305; Compt. 
se rend., 1913, 156, 1012), and by Noddack (Z. Elektrochem., 1921, 27, 
ull § 359). It appears that the law is closely followed in the reactions 


HBr — H -+ Br) 


, = >» 841 3 (Warburg) in ultra-violet light, 


" Cl, +- 2CCIl,Br —> 2CCl, + Br, (Noddack) in violet light, 

| 

y and in the reactions 

. 

9 

‘ ‘aa 30° aoe 307) (Warburg) in ultra-violet light, 

4 if readily acceptable assumptions are made as to a primary photo- 
chemical process followed by spontaneous secondary thermal 
reactions. 


Deviations from unity of the measured ratio quanta absorbed/ 
molecules reacting in other reactions are explained by Warburg and 
Nernst as due to three main causes : 

(1) The quantum absorbed may not be large enough to bring 
about the primary change. 

(2) The molecule may absorb a quantum, but may lose it again 
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by collision, the energy being degraded as heat (“ deactivation by 
collision ”’). 

(3) Secondary spontaneous thermal reactions. Such reactions 
may form a chain, accounting for extraordinarily small values of 
the ratio (Nernst, Z. Elektrochem., 1918, 24, 335). 

The first two causes make the ratio larger than unity; the third 
usually makes it smaller. So all actual cases are provided for. 

In this investigation was studied the application of the law to the 
photochemical decomposition in violet light of carbon tetrachloride 
solutions of chlorine peroxide, chlorine monoxide, and _ nitrogen 
trichloride. 

EXPERIMENTAL. 

Materials——The pure carbon tetrachloride of commerce was 
allowed to stand with chlorine peroxide, washed, dried with phos. 
phoric oxide, and fractionally distilled. 

Source of Light.—In order to reduce the necessary time of exposure 
of unstable solutions, an intense source of light is required. A 
carbon arc, taking 11 amperes at about 45 volts, with vertical, 
electromagnetically regulated negative electrode was used. The 
hand-fed positive electrode was horizontal, and was only 7 mm. in 
diameter to minimise wandering of the “spot.” A permanent 
magnet deflected the arc so that the positive spot was situated at 
the extreme end of the electrode. With a condensing lens the light 
was concentrated on an aperture of area about 4 sq. cm., behind 
which the photochemical cell was placed. The blue and violet 
rays were isolated by means of trough filters containing solutions of 
ferrous ammonium sulphate and copper sulphate, and of crystal- 
violet. 

The chief source of inaccuracy in the experiments was due to the 
fluctuations in the light intensity of the arc; this especially affected 
the absorption measurements. The inaccuracy on this account may 
reach 25 per cent. 

Photochemical Cell.—A flat-walled cell was constructed, of internal 
width about 5 mm. and volume about 4°5 c.c., somewhat resembling 
a pyknometer in shape, and fitted with two taps lubricated with 
phosphoric acid. Filling was accomplished by forcing the solution 
through a capillary tip inserted through the bore of one of the taps. 
With this cell an accurately reproducible volume is employed at 
each filling, and the whole of the liquid can be removed for titration ; 
auxiliary pipettes, involving exposure to air and loss of solute under 
the partial vacuum, are avoided; and loss of liquid during exposure 
is negligible. 

Measurement of Energy.—The energy in the radiation employed 
was measured with a rough bolometer. A wide-angled cone of 


'ANOES, 
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ion by 


about 20 ohms resistance, 2°5 cm. in diameter, was wound from 
42-gauge silk-covered copper wire one layer thick, held together with 
alittle shellac and blackened on the inside. The resistance change 
of this cone when heated by the radiation was measured against an 
approximately equal resistance composed of heavy-gauge manganin 
yire. It was calibrated by measuring its change of resistance when 


ctions 
ues of 


: third 


r 
to the @ different amounts of electrical energy were expended in it. Three 
loride 4 four minutes were necessary for the instrument to come into 
rogen equilibrium with the radiation. 
For the measurement of the energy absorbed in the various 
experiments a Melloni thermopile of 56 antimony—bismuth pairs 
was found convenient. Readings were made on a potentiometer 
oar wire connected in series with a suitable high resistance and an 
Pnos- F accumulator ; the arrangement being calibrated by comparison with 
the bolometer. 
ee The wave-lengths absorbed in these experiments reached from 
i AF about 4100 A. to 4700 A. In calculating the number of quanta, a 
x representative mean wave-length 4450 A. has been employed; that 
te Fl is, ly = 442 x 10722 erg. 
1. in 
nent 
1 at Chlorine Peroxide Solutions. 
ight Chlorine peroxide, prepared in an all-glass apparatus by warming 
ind § at 60° a mixture of 8 grams of potassium chlorate, 30 grams of 
olet §f crystallised oxalic acid, and 4 c.c. of water (Bray, Z. physikal. 
sof § Chem., 1906, 54, 463, 569, 731), was passed into carbon tetrachloride. 
tal. § The gas and the solutions were dried with phosphoric oxide. The 
solutions are bright yellow and show a characteristic absorption 
the | spectrum, consisting of bands in the blue and the violet equally 
ted spaced on a frequency scale, with maxima at 4675, 4520, 4370, and 
ay § 4220 A. approximately. The bands are much fainter in the longer 
wave region. This spectrum resembles that found by Kabitz 
al (Diss., Bonn, 1905) for the gas. The solutions decompose slowly 
ng in the dark, the rate of decomposition depending on the free 
th space in the vessel above the liquid. 
mn In light, the decomposition may be represented stoicheiometrically 


the oxygen largely remaining in the solution in a supersaturated 
condition. 

Chlorine peroxide and chlorine in presence of one another were 
estimated by addition to excess of potassium iodide and titration 
with sodium thiosulphate, first with the solution neutral, and then 
acidified with dilute acid (Bray, loc. cit.). 
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The reactions are : 


Neutral sol. 3C10, + 51’ —> 210,’ + 3Cl’ + 3I. 
Acid sol. ClO, ++ 5I’ + 4H’ —> Cl’ + 2H,0 + 51. 


Chlorine reacts equally in neutral and acid solutions : 
Cl, -+ 21’ —> 2Cl’ + 21. 
Summary of Results.— 


Molecules Quanta 
Conc. of ClO, decomposed per sec. Mean 
in gram-mol. per sec. in radiation absorp- Quanta absorbed 


per litre. x 1074, x 107%, tion. Molecules decomposed’ 
0-317 0-9 
0-166 0-82 
0-160 0-80 
0-0945 0-74 
0-0885 0-71 
0-0856 0-70 
0-0724 0-68 
0-0622 0-67 
0-0595 0-80 
0-0585 0-65 
0-0482 0-62 
0-0346 0-57 
In experiment 5, a yellow filter was employed to cut off the light of 
higher frequency. 

The ratio quanta absorbed/molecules reacting was found to he 
independent of the light intensity over a range 1 to 6. It was also 
shown that an intermittent exposure produced the same effect as 
an equivalent continuous one. 

Chlorine peroxide dissolves in water to give a yellow solution 
which is photochemically sensitive. Popper (Annalen, 1885, 227, 
161; 231, 137) has shown, however, that the decomposition in 


sunlight is complex, and has represented it by the equation 
18ClO, + 9H,O —> 13HCI1O, + 30, + 5HCI. 
The reaction was therefore not studied. 
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Chlorine Monoxide Solutions. 


Gaseous chlorine monoxide was found to decompose slowly in 
light by its discoverer (Balard, Ann. Chim. Phys., 1834, 57, 225), 
although Garzarolli, Thurnlack, and Schackerl (Annalen, 1885, 
230, 273) reported only inappreciable decomposition after fifteen 
minutes’ exposure to sunlight. Solutions of the gas in carbon 
tetrachloride undergo the stoicheiometric decomposition in light 


2C1,0 —> 2Cl, + O,. 


It was found unnecessary to prepare the gaseous substance. 
Dry solutions of chlorine in carbon tetrachloride react quickly and 
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quantitatively with yellow precipitated mercuric oxide to give 
brown solutions of chlorine monoxide. The absorption spectrum 
of the solutions consists of a broad indefinite band in the blue and 
violet, quite different from that of solutions of chlorine peroxide 
(compare results for the gases, Kayser, “ Handbuch der Spectro- 
scopie,’’ 1905, Vol. III, p. 366). 

The solutions were dried with phosphoric oxide before being used. 
Analysis was carried out by running the liquid into excess of 
potassium iodide solution, acidified with a known amount of 
standard acid, titrating the iodine liberated, and then titrating the 
excess of acid, using methyl-orange as an indicator. The reactions 


involved are 
Cl,O 4+- H,O + 41’ —> 2Cl’ + 20H’ + 41 
and Cl, + 21’ —> 2Cl’ + 21. 


Summary of Results.— 


Cone. of ClO decomposed sec. in Mean 
in gram-mol. per sec. radiation absorp- Quanta absorbed — 
per litre. x io. x 107%, tion. | Molecules decomposed’ 
0-145 4-4 8-7 0-60 1-18 
0-140 4-03 8-7 0-585 1-24 
0-134 4-91 8-7 0-55 0-98 
0-112 4-14 8-7 0-49 1-03 
0-110 4-04 8-7 0-48 1-04 
0-109 3°55 8-7 0-47 1-15 
0-0855 3:06 8-7 0-42 1-20 


Molecules 


Quanta per 


Nitrogen Trichloride Solutions. 


Hentschel (Ber., 1897, 30, 1434) showed that nitrogen chloride, 
dissolved in various organic liquids, was decomposed by light, 
usually with formation of chlorination products of the liquids. 
In carbon tetrachloride, the decomposition is simple : 


2NCI, —> N, + 3Cl,. 


Solutions were prepared by shaking carbon tetrachloride containing 
chlorine with concentrated ammonium sulphate solutions, and 
were dried with phosphoric oxide. In colour, they resemble 
solutions of chlorine (Chapman, T., 1909, 95, 138). The light 
absorbed was small, making measurements inaccurate. Analyses 
according to the method of Dowell and Bray (J. Amer. Chem. Soc., 
1917, 39, 896) yielded average ratios Cl/N of 3°5. The nitrogen 
chloride was estimated by running the solutions into concentrated 
sodium sulphite, and distilling off the ammonia into standard 
acid. The measurements are unsatisfactory because the amount 
of decomposition appeared only as a small difference. 
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Summary of Results.— 


Molecules Quanta per 
Conc. of NCI], decomposed _ sec. in Mean 
ingram-mol. persec. radiation absorp- Quanta absorbed 
per litre. tion. Molecules decomposed’ 

0-43 0:27 
0-28 0-508 
0-29 1-18 
0-308 0-595 

The results seem to indicate that more than one molecule is 

decomposed for each quantum absorbed. 


Discussion. 


These results are of a preliminary character owing to the sources 
of error in the apparatusemployed. They are, however, of sufficient 
accuracy to justify the raising of the question whether real uni- 
molecular decompositions are ever found (compare Lowry, 7'’rans. 
Faraday Soc., 1922, 596). In the case of thermal reactions, it is 
remarkable that only two possibly unimolecular reactions in the 
gaseous state (where complications due to solvent cannot occur) 
are known; the decomposition of phosphine at high temperatures 
(Trautz and Bhandarkar, Z. anorg. Chem., 1919, 106, 95) and the 
decomposition of nitrogen pentoxide (Daniels and Johnston, J. Amer. 
Chem. Soc., 1921, 43,53). Even in these cases the evidence is scarcely 
conclusive. The measurements with phosphine are extremely 
inaccurate, and the rigorous criterion of the effect of change of 
pressure does not seem to have been applied, whilst the unimolecular 
mechanism of the nitrogen pentoxide decomposition has been 
criticised by the investigators themselves (J. Amer. Chem. Soc., 
1922, 44, 2402). Almost all photochemical reactions exhibit compli- 
cations of varying degrees of obscurity, and the only guide is that 
radiant energy must be absorbed in quanta. It appears probable 
from the measurements in this paper that the photochemical 
decompositions of the oxides of chlorine are unimolecular, and that 
the views of Baly (see 7'rans. Faraday Soc., 1922, 588) and of Weigert 
(Z. physikal. Chem., 1922, 102, 416) are unnecessary for the 
explanation of these cases. The mechanism of the decomposition 
may be formulated 


oxides of chlorine + hy —> “ activated’ molecule. 


These “ activated” molecules then largely decompose by a “ dark” 
reaction. If this is so, then the unimolecular decomposition of the 
“ activated ” molecule would be expected to evolve heat; and this 
enables the mechanism to be discussed. The energy in violet 
light corresponds with 65,000 cals. per gram-molecule. The other 


even 
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heat data available are only very approximate, and apply to the 
gaseous substances. In the dissolved state, the unknown heats of 
glution must be reckoned with, but it is unlikely that these will 
be large enough to invalidate the general results of the reasoning. 


d 
sed’ § Taking as rough approximations 
2Cl1,0 —> 2Cl, + O, + 32,000 cals. 
2ClO, —> Cl, + 20, + 50,000 cals. (estimated), 
and the heats of dissociation of chlorine and oxygen as 100,000 cals. 
8 Bind 150,000 cals., respectively, we obtain for the hypothetical 
thermal reactions 
ClO —> Cl+ Cl+O—159,000cals. . . . . . (1) 

eS Cl,0 —— Cl, a. Oo — 59,000 cals. . ° . ° . ° ° (2) 
nt clo, —> C1+0+O0—175,000 cals. . . . . . (3) 
1i- ClO, —> Cl+ 0, — 25,000 cals. . . . . . . . (4) 
48. @ The only reactions possible to a molecule activated to the extent of 
IS § 65,000 cals. are (2) and (4). 
ie In the case of the decomposition of nitrogen trichloride, taking 
“ 2NCl, —> N, + 3Cl, + 77,000 cals., 

e even the reaction 

re NCI, —> N+ Cl, + Cl 

y isnot possible in violet light if the heat of dissociation of nitrogen 
; is more than 110,000 cals., as is probable. The assumption that 
this decomposition is not unimolecular, but that the activated 


molecule attacks an unactivated one, would agree with the rather 
unsatisfactory experimental results so far obtained. This reaction 
is being further studied. 

The results obtained in this investigation are not considered 
sufficiently precise to say whether in obtaining the ratio quanta 
absorbed/molecules reacting the energy should be calculated in 
quanta at the frequencies actually absorbed, as appears probable, 
or at the frequency of the head of the band, as has been suggested 
(Lewis, ‘‘ Physical Chemistry,” 1919, Vol. III, p. 137). 

If the constant frequency difference bands in the absorption 
spectrum of chlorine peroxide solutions are due to the superposition 
of rotational quanta on a vibrational quantum, such a decision 
would throw light on the interchanges between the various kinds 
of energy within the molecule. 


Summary. 


1. The photochemical decomposition of carbon tetrachloride 
solutions of chlorine peroxide and of chlorine monoxide under the 
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influence of violet light appears to agree with the law of the photo. 
chemical equivalence. Solutions of nitrogen trichloride in similar 
circumstances give less certain results not far removed from the 
requirements of the law. 

2. The mechanism of the photochemical decomposition has 
been discussed. 


The thanks of the author are due to the Research Fund Committee 
of the Chemical Society for a grant which partly defrayed the 
expenses of the work. 
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CXXXVITI.—Ring-chain Tautomerism. Part V. The 
Effect of the gem-Dipropyl Grouping on the Carbon 
Tetrahedral Angle. 


By Lestie Barns and Jocetyn FieLtD THORPE. 


WHEN, as described in Part II of this series (T., 1922, 121, 1430), 
it was discovered that the gem-diethyl group (Et,C<) exerted an 
influence on the carbon tetrahedral angle which was quite different 
in effect from that exercised by the gem-dimethyl group (Me,C<), 
it was evident that it would be necessary to prepare as many 
68-dialkylglutaric acids as possible and to compare their behaviour 
under similar conditions, in order to ascertain the cause of this 
wholly unexpected result. If the difference in effect were due to 
a difference in volume between the dimethyl and diethyl groupings, 
it would mean that this influence would have to be exerted through 
the single carbon atom by which, in the case of ethyl, the groups 
are attached to the $-carbon atom, or, in other words, we should 
have to assume that the volume effect of the attached carbon 
atom is affected by its participation in a chain of carbon atoms of 
which it isa member. If this assumption is true, it is to be expected 
that an increase in the length of the chain of which the gem-grouping 
is composed will exert a corresponding influence on the value of 
the angle formed by the two remaining valencies of the §-carbon 
atom and that this influence could be detected by the stability 
of the ring structures or open-chain compounds derived from the 
substituted acids in question. 

It will be remembered that the influence of the gem-dimethyl 
group conferred stability on the open-chain keto-compound (I) 
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and that it was apparently impossible to obtain the isomeric ring 
compound (II), although derivatives of this form (IIT) were obtained 
by the action of alcoholic potash on the dibromo-ester (IV) : 


_CO- — H C(OH ‘CO,H 
(ORE) CO,H CHBr’CO, Et Iv.) 


(IIT.) Me,C< dy. -CO,H noo ‘CO, Et 


On the other hand, the action of alcoholic potash on the dibromo- 
ester (V) in the gem-diethyl series did not lead to the formation of 
any alkyloxy-derivative of type (III), but to a mixture of the 
keto-acid (VI) and the hydroxy-ring acid (VII); the two compounds 
being subsequently found to be tautomeric in the sense that they 
each formed the same equilibrium mixture containing 38 per cent. 
of the keto-acid and 62 per cent. of the ring acid, when treated 
with strong aqueous caustic potash. 


_CHBrCO,Et - _CO-C0,H C(OH)-CO,H 
BC<CHBeco,kt  Et:C<cy,.co,H = Et:C<éy-c0,H 
(v.) (VI.) (VIL) 


An investigation of the intermediate methyl ethyl derivatives 
(ne>C) (this vol., p. 113) led to a discovery which revealed the 


cause of the formation of the alkyloxy-derivative, for it was found 
that the alkyloxy-ring compound, which was formed in this instance 
just as in the gem-dimethy] series, could be hydrolysed by hydriodic 
acid completely to the keto-acid. 

Since then it has been shown by Mr. Balbir Singh, working in 
these laboratories, that the same reaction is also characteristic of 
the dimethyl derivative and that the action of dilute hydrobromic 
acid on the alkyloxy-compound leads to a quantitative formation 
of the keto-acid. These experiments prove, therefore, conclusively 
that the ring-hydroxy-form is unstable in the dimethyl and methyl 
ethyl series and that it passes at the moment of its formation 
into the open-chain isomeric keto-acid. The first evidence of the 
stability of the ring structure is obtained in the diethyl series, 
where the two isomeric compounds, the open-chain keto-acid and 
the hydroxy-ring acid, are tautomeric. 

The present paper deals with the first of the series of investi- 
gations on the influence of radicles higher in the paraffin series, 
and contains the work which has been carried out with 8§8-di-n- 
propylglutaric acid. 

88-Di-n-propylglutaric acid was prepared by Kon’s modification 
(T., 1921, 119, 818) of Guareschi’s reaction. It was characterised 


' by the formation of the anhydride and anilic acid, two well-defined 
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crystalline substances which were not prepared by Guareschi and 
which are admirably adapted for the purposes of identification, 
The acid can be readily converted by the usual methods into the 
aa’-dibromo-ester (VIII), which on distillation passes into the 
bromo-lactone ester (IX). The corresponding dibromo-acid (X) 
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A. Conversion of ‘‘hydroxy-” to “keto-”’ acid. 
B. Conversion of “ keto-”’ to “ hydroxy-”’ acid. 


and the bromo-lactonic acid (XI) were also prepared by the usual 
methods : 


(VIL) Prec _CHBr:CO,Et _CH(CO,Et):O 
; 2 


SCHBr-CO,Et Pr.CS oHBr—-Co 
From the dibromo-ester a mixture of the keto-acid (XII) and the 
hydroxy-ring acid (XIII) was obtained. 


CHBr-CO,H 
CHBr-CO,H 


CH(CO,H)-0 
i 2 
SCHBr—-tio 1) 


C0-CO,H a S(OH)-CO,H 
CH,-CO,H Pr CC bH-CO,H 


The determination of the equilibrium mixture between these two 
substances in 60 per cent. aqueous potash gave the ratio (see curve) 
of 71:29 in favour of the hydroxy-ring. The ratio is, therefore, 
appreciably higher than the 62 : 38 found for the diethyl derivatives. 


(X-) Pra0< Pr*,C 


(XIT.) Pro,0< (XIII) 
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li and & This is in accordance with the view that the increase in the number 


ation, § of carbon atoms in the chain forming the gem-grouping increases 
0 the § the stability of a three-membered ring system formed by the 
> the § other two valencies. Further and quite remarkable evidence was 


obtained on this point during these investigations, and this will 
form the subject of another communication in the near future, 


L (X) 


EXPERIMENTAL. 

Condensation of Di-n-propyl Ketone with Cyanoacetic Ester and 
Ammonia. Preparation of «y-Dicyano-8-di-n-propylglutarimide 
and $8-Di-n-propylglutaric Acid. 

It was found that a considerable economy could be made in the 
proportion of cyanoacetic ester used in this condensation without 
any detriment to the yield of the imide. 

Five hundred c.c. of absolute alcohol, cooled in a very efficient 
freezing mixture, were saturated with ammonia and added to a 
mixture of 143 grams (1} mols.) of dipropyl ketone and 180 c.c. 
(13 mols.) of cyanoacetic ester at 0°. The solution, having been 
kept at room temperature for a fortnight, was diluted with 2 litres 
of water, extracted five times with ether, and a very small quantity 
of a substance insoluble both in water and ether removed by 
filtration. From the ethereal solution, after washing with water, 
drying over calcium chloride, and removal of the ether through 
a fractionating column, 100 grams of unchanged ketone were 
recovered. The aqueous solution on acidification with hydrochloric 
acid deposited the imide in minute, colourless prisms, which were 
kept twenty-four hours before filtering. The yield was only 
30 grams, but from the mother-liquors on evaporation to dryness 
and extraction with water a further 2—3 grams were obtained. 

Thirty grams of this crude imide were hydrolysed by boiling 
with 800 c.c. of 60 per cent. (by weight) sulphuric acid for four 
hours (compare Guareschi, Gazzelia, 1919, 49, i, 124). The imide 
slowly passed into solution with decomposition and frothing and 
evolution of carbon dioxide, and after one and a half hours the 
molten acid began to separate on the surface of the boiling mixture. 
On the completion of the reaction the whole was poured into a 
large volume of water, when the acid was precipitated in a colourless, 
pure, crystalline condition : the yield was 93°5 per cent. of theory. 

8-Di-n-propylglutaric acid is very sparingly soluble in ether or 
cold water, but dissolves readily in hot benzene and in boiling 
water, and separates from the latter solvent in lustrous, white, 
pearly flakes which felt together. It melts at 114°5—115° (Guareschi, 
loc. cit., gives 112—113°) (Found: C=610; H=94. Calc., 
C= 61:1; H = 9°3 per cent.). 


lal 
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The anhydride was prepared by boiling the acid under reflux fo, 
three hours with excess of acetyl chloride. This was removed in g 
partial vacuum and the residue distilled under diminished pressure. 
It boiled at 173—174°/12 mm. and when cooled solidified in large, 
fern-like, colourless crystals melting at 24—25°. It is very stable, 
apparently more so than the anhydrides of dimethyl- and trimethy). 
glutaric acids, and is only reconverted to the acid by boiling with 
water for several hours (Found: C = 663; H= 9:2. (,,H,,0, 
requires C = 66°6; H = 9:2 per cent.). 

The anilic acid, prepared by mixing cold benzene solutions of the 
anhydride and aniline, and crystallising the precipitated product 
from 84 per cent. alcohol, forms colourless, stumpy, prismatic 
crystals which melt at 160—161° (Found: C= 700; H=87%7, 
C,;H,;03N requires C = 70°0; H = 8°7 per cent.). 


Dibromination of 88-Di-n-propylglutaric Acid. 
ac’-Dibromo-B8-di-n-propylglutaric Acid.—21°6 Grams of the acid 
were treated with 41°7 grams of phosphorus pentachloride (2 mols.) 
and warmed on the steam-bath until evolution of hydrogen chloride 
ceased (one-half to three-quarters of an hour). To this liquid, 
13°3 c.c. of bromine (2°4 mols.) were added in small quantities 
during three hours, and the mixture was kept on the steam-bath 


for fifteen hours. The product was poured into 150 c.c. of well- 
cooled absolute alcohol, and after being kept for twenty-four hours 
was treated with water and the precipitated oil extracted with 
ether. The ethereal solution was washed with dilute sodium 
carbonate to remove the traces of acidic products present and dried 
over fused calcium chloride. On removing the ether, the crude 
dibromo-ester remained as a golden-yellow oil of about 80 per 
cent. purity, which could not be further purified, as it readily 
decomposed into its bromo-lactone on distillation under diminished 
pressure (Found: Br = 329. (C,;H,,O,Br. requires Br = 3711 
per cent.). 

Lactone of Ethyl Hydrogen «-Bromo-«'-hydroxy-BB-dipropylglut- 
arate (IX).—The production of this substance in an almost quanti- 
tative yield by the distillation under reduced pressure of the 
crude dibromo-ester establishes the constitution of the latter. 
The bromo-lactonic ester is a colourless, exceedingly viscous oil 
which shows no tendency to crystallise, and is presumably a 
mixture of the cis- and trans-modifications. It boils at 190— 
191°/15 mm. (Found: C=489; H=68; Br= 250, 24%. 
C,,H,,0,Br requires C = 48°6; H = 66; Br = 24°9 per cent.). 

Acid Ester —The sodium carbonate washings from the neutral 
ester, when acidified and extracted with ether, yielded a very 
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small quantity of the monobromo-acid ester : much larger quantities 
were obtained when thionyl chloride was substituted for phosphorus 
pentachloride. It could not be distilled without decomposition, 
and the crude liquid was analysed after keeping in a vacuum over 
potash for some days (Found: Br = 24°8. C,;H,,0,Br requires 
Br = 24°7 per cent.). 

aa’-Dibromo-BB-di-n-propylglutaric Acid (X).—The crude di- 
bromination product, prepared as before, was poured into anhydrous 
formic acid instead of into alcohol, and the solution was warmed 
on the steam-bath until all effervescence ceased (two hours), 
and allowed to evaporate spontaneously at the ordinary tem- 
perature. After three days, the semi-solid precipitate was separated 
and the gummy contamination removed from it by washing with a 
small quantity of a mixture of chloroform and petrol (b. p. 40—60°). 
The remaining brown, granular solid was purified by alternate 
crystallisation from benzene and washing with a chloroform-light 
petroleum mixture. The pure acid is almost insoluble in cold 
benzene and crystallises in small, dense, colourless prisms, which 
wften at 145° and melt with decomposition at about 155° (Found : 
(=352; H=49. C,,H,,0,Br. requires C = 353; H=49 
per cent.). 

Lactone of «-Bromo-«'-hydroxy-B8-di-n-propylglutaric Acid (XI).— 
The dibromo-acid was readily converted into the bromo-lactonic 
aid by loss of hydrogen bromide. The acid was dissolved in 
glacial acetic acid and warmed for a few minutes. The addition 
of water precipitated an oil which solidified on keeping; it was 
drained on porous plate and crystallised from benzene, when it 
formed small, colourless prisms melting at 135—136° (Found: 

Br = 27°3. C,,H,,0,Br requires Br = 27°3 per cent.). 


Hydrolysis of the Bromo-lactonic Ester (IX). Formation of «-Keto- 
68-di-n-propylglutaric Acid (XII) and 3: 3-Di-n-propylcyclo- 
propan-1-ol-1 : 2-dicarboxylic Acid (XIII). 

The hydrolysis of the bromo-lactonic ester was carried out under 
different conditions, the strength of the potash being varied from 
10 to 80 per cent. and the duration of heating from two minutes 
to half an hour. The products of the reaction were mainly the 
open-chain keto-acid together with a small quantity of the isomeric 
hydroxy-ring acid and traces of oxalic acid, the proportion of the 
last two becoming slightly greater with the higher concentrations 
of potash. 

«-Keto-88-di-n-propylglutaric Acid (XII).—The crude keto-acid 
was obtained as follows in an 80 per cent. yield together with 
per cent. of the hydroxy-acid. Five grams of the bromo-lactonic 
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ester were added as rapidly as possible to a boiling 43 per cent, 
aqueous potash solution (15 grams of KOH in 20 c.c. of water) 
and the heating was continued for two minutes. The solution was 
diluted, extracted with ether to ensure the purity of the product, 
acidified with hydrochloric acid, and cooled to 0°, when a smal] 
quantity (0°2 to 0°3 gram) of the hydroxy-ring acid was precipi. 
tated. The ethereal extract of the filtered solution, after drying 
over sodium sulphate and removal of the solvent, left 2°9 grams 
of an oil which became solid in the course of two days. It was 
drained from adherent oil on unglazed tile and crystallised from 
hot benzene, when 1°4 grams of the pure keto-acid were obtained. 

a-Keto-88-di-n-propylglutaric acid is very soluble in hot benzene 
and separates slowly on cooling in small, prismatic crystals which 
are very dense and hard and melt at 104—104°5°. It is only 
sparingly soluble in light petroleum, but dissolves readily in ether, 
acetone, or water (Found: C = 57:25; H=7-9; equivalent, by 
titration with baryta, = 1144, C,,H,,0,; requires C = 57:35; 
H = 7°9 per cent.; equivalent = 115). 

Its semicarbazone is precipitated when warm aqueous solutions 
of the acid, semicarbazide hydrochloride, and sodium acetate are 
mixed, and after recrystallisation from dilute alcohol melts at 184°, 
The acid can be quantitatively regenerated from it by very careful 
treatment with warm dilute hydrochloric acid or by boiling with 
20 per cent. oxalic acid for three-quarters of an hour (Found: 
N= 14'8. C,,H,,0;N, requires N = 14°6 per cent.). 

3 : 3-Di-n-propylcyclopropan-1-ol-1 : 2-dicarboxylic Acid (XIil).— 
This was obtained in smal! quantity when the bromo-lactonic ester 
was hydrolysed with 64 or 80 per cent. aqueous potash, and was also 
produced by the action of methyl alcoholic potash (30 per cent.) 
on the dibromo-ester, but it was best prepared from the keto-acid 
by prolonged boiling with 60 per cent. potash (see below). It is 
sparingly soluble in boiling water and insoluble in cold water, dry 
ether, or hot benzene, but dissolves in acetone. It crystallises 
from a large volume of water (1 gram of acid in 100 c.c. of water) 
in colourless plates having a pearly lustre, and melts at 214°. Its 
ammonium salt is decomposed by boiling with water [Found: 
C = 572; H=79; WM (dibasic) by titration = 235. C,,H;,0; 
requires C = 57°35; H = 7°9 per cent.; M = 230]. 

Just. as in the cases of the analogous hydroxy-ring acids from 
diethylglutaric acid (‘T., 1922, 121, 1440) and cyclohexane-1:1- | 
diacetic acid (T., 1915, 107, 1080), and indeed cyclopropanol-1 : 2- 
dicarboxylic acid itself (T., 1921, 119, 305), this acid has so far 
resisted all attempts to acetylate it, and in particular was recovered 
unchanged after several hours’ heating at 100° with acetyl chloride. 
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Equilibrium Mizxture—A tautomeric equilibrium between the 
silts of the keto- and hydroxy-acids is very slowly attained in the 
presence of 60 per cent. aqueous potash, and more rapidly, although 
vith much decomposition, with 77 per cent. potash. In the latter 
case, the potassium salts of the acids separate as an oil on the 
surface of the boiling potash, and therefore a true equilibrium 
determined by the relative stability of the keto- and hydroxy- 
forms is not established, and the ratio of these two isomerides in 
the product, which contains approximately 50 per cent. of each, 
is governed by the solubilities of their respective potassium salts. 
(onsequently, the tautomeric change had to be effected in 60 per 
ent. potash. 

Either of the pure acids was boiled under reflux with a large 
excess of 60 per cent. aqueous potash for different periods of time 
varying from fifteen minutes to six hours. The hydroxy-ring 
aid, which was quantitatively precipitated from the diluted 
lution on acidification and cooling to 0°, was collected, dried, 
and weighed. The keto-acid was recovered from the filtrate by 
six extractions with ether, the crystalline solid left on evaporation 
of this solvent dissolved in a little water and treated with a slight 
excess of an aqueous solution of semicarbazide hydrochloride and 
sodium acetate, and the precipitated semicarbazone collected, 
dried, and weighed. The following table and the graph show that 
the equilibrium between the potassium salts of the two acids is 
established oniy after about four and a quarter hours’ boiling, 
but that further heating has no effect on it, and that the same 
fnal mixture, containing approximately 29 per cent. of the keto- 
form, is reached from either side. The reaction is a truly unimole- 
cular one, as the time-log. concentration curve plotted from these 
figures is approximately linear. 

Hydroxy-ring Acid : 


Grams of recovered 


Initial Equivalent Percentage. 
acid Time Semi- to keto- Hydroxy- Hydroxy-acid : 
(grams). (hours). carbazone. acid. : Total. keto-acid. 
1-9 } 0-10 0-08 rf 1-63 
1-0 0-18 > > 0-84 
1-0 0-26 . 0-65 0-84 
1-0 j 0:33 26 “6 0-89 


2-02 
1-50 
0-25 
0-89 
0-30 
0-30 


e-10 030 bi 


VOL. CXXIII. 


1214 BAINES AND DRIVER: 


The authors desire to express their thanks to the Royal Society 
for a grant which has defrayed the expense of this research, and 
one of them (L. B.) also acknowledges his indebtedness to the 
Department of Scientific and Industrial Research for a grant 
which has enabled him to participate in the work. 


IMPERIAL COLLEGE or ScreNcE AND TECHNOLOGY, 
SoutH KENSINGTON. (Received, April 17th, 1923.] 


By Harry Barnes and Jonn Epmunp DRIVER. 


THIs investigation arose out of an attempt to elucidate the mechan. 
ism of the Reimer-Tiemann reaction. It was thought possible 
that during the action of chloroform or carbon tetrachloride on 
alkaline solutions of phenol w-chloroanisoles are formed as inter- 
mediate products, and in attempts to isolate them dry sodium 
phenoxide was subjected to the action of chloroform or carbon 
tetrachloride. Owing to the nature of the results of preliminary 
experiments, the action of chloroform and of carbon tetrachloride 
on various metallic derivatives of phenols and naphthols was studied. 

This communication deals with the action of carbon tetrachloride 
on derivatives of phenol and of the cresols. From phenol, aurin is 
produced, whilst o- and mz-cresols yield the corresponding tri- 
methylaurins (I and II), the carbon tetrachloride providing the 
nuclear carbon atom; for example, 

3C,H;-OK + CCl, —> CCl(CgH,°OH), —> O°C,H,:C(C,H,°OH),. 
The velocity of the reaction was found to depend largely on the 
temperature, and, in the case of phenol, on the nature of the metallic 
derivative employed. 

The 2:2’:2”- and 3:3’:3”-trimethylaurins have not been 
previously described. They are red, crystalline compounds, very 
similar to aurin itself. 2: 2’:2’-Trimethylaurin gives a compound 
(III) similar to aniline-blue when heated with aniline and acetic 
acid, but no such derivative could be. prepared from 3: 3’: 3": 
trimethylaurin, probably owing to the effect of steric hindrance 
produced by the methyl groups on the adjacent hydroxy! groups. 


Me Me 
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Me Me 
3:3’:3’-Trimethylaurin (I.) 2:2’:2”-Trimethylaurin (II.) 
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_Me 
NHPhY Me 
S=eom—< SNHPh 
NHPC > — 
Me 


NN’N”-Triphenyl-2 : 2’: 2”-trimethylpararosaniline (III.) 


In the case of p-cresol, no trimethylaurin was produced. A 
p-‘ kresolaurin”” has been described by Nencki (J. pr. Chem., 
1882, [ii], 25, 275), but on repeating Nencki’s experiments a product 
was obtained quite different in properties from that described by 
him. Indeed, the existence of a compound of the aurin type derived 
from p-cresol seems highly improbable, since the para-position to 
the hydroxyl group is already occupied, and therefore such a deriv- 
ative could not have a para-quinonoid structure. 

The earlier investigators (Dale and Schorlemmer, this Journal, 
1871, 24, 466, et seqg.; Kopfer, ibid., 1876, i, 660; Erhart, Arch. 
Pharm., 1876, [iii], 8, 481; Zulkowski, Ber., 1878, 11, 391; Gukas- 
sianz, ibid., p. 1179) obtained widely differing results in the analysis 
of aurin, the values recorded for carbon varying between 61 and 80 
per cent. This was apparently largely due to the tenacity with 
which crystalline aurin retains water and acetic acid. The results 
recorded in the present paper for the analysis of aurin and of the 
trimethylaurins were obtained with samples dried at 150—160° 
during many hours (compare Dale and Schorlemmer, this Journal, 
1873, 26, 434; and Kopfer, loc. cit.). 

Carbon tetrachloride has previously been employed in the 
synthesis of triphenylmethane and some of its derivatives (Friedel 
and Crafts, Compt. rend., 1877, 84, 1453; E. and O. Fischer, Annalen, 
1878, 194, 254; Gomberg, Ber., 1900, 33, 3144; Heumann, D.R.-P. 
68976, Frdl., III. 103). In all these cases, the Friedel-Crafts’ 
method, or a modification of it, was employed, aluminium chloride 
or zine chloride being used as a condensing agent. 

The action of chloroform and of carbon tetrachloride on other 
metallic derivatives of phenols and naphthols is at present under 
investigation, and interesting results have already been obtained. 


EXPERIMENTAL, 


Potassium phenoxide was prepared by mixing aqueous solutions 
of phenol and potassium hydroxide in molecular proportions and 
evaporating to dryness, care being taken not to allow the tempera- 
ture to rise above 170°. Sodium and calcium phenoxides were 
prepared in a similar manner. The potassium tolyloxides could 

TT2 
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not be obtained pure by this method, since at the temperature 
required for the complete removal of the water, some decomposition 
of the tolyloxides took place. They were therefore made by mixing 
alcoholic solutions of potassium hydroxide and the required cresol 
in molecular proportions and evaporating off the alcohol at 110° 
under diminished pressure. In this way, the tolyloxides were 
obtained in colourless, deliquescent crystals, which could be heated 
at 140° without decomposition. 

Action of Carbon Tetrachloride on Potassium Phenoxide.—When 
dry potassium phenoxide was boiled with excess of carbon tetra- 
chloride during eight hours, although the solution turned a deep 
red, there was very little reaction. This was also the case when 
experiments were conducted during times varying from eight to 
thirty-six hours, pyridine or finely divided copper being used as 
catalyst. 

Potassium phenoxide heated at 170° in a stream of carbon tetra- 
chloride vapour during three to four hours gave a dark-coloured 
product, which, when extracted several times with carbon tetra- 
chloride, yielded some phenol. The dark residue, when treated 
with water, dissolved, forming a deep red solution containing a 
considerable amount of potassium chloride. On diluting and 
acidifying with hydrochloric acid, a bulky, orange precipitate 
formed and more phenol was liberated. After removing the phenol 
by steam distillation, the orange solid was collected, washed, and 
dried. The product was a brick-red powder, which separated from 
a mixture of alcohol and glacial acetic acid in small crystals witha 
beetle-green lustre, and crystallised well in fine, red needies from brine 
acidified with hydrochloric acid. It was identified as aurin by its 
physical and chemical properties, including the study of its absorp- 
tion spectrum in alkaline solution, and by the preparation of NN'N"- 
triphenylpararosaniline by heating it with aniline and glacial acetic 
acid (Found: C = 78°60; H = 4°66. Calc., C = 78°61; H = 483 
per cent.). Eighteen grams of potassium phenoxide yielded 50 
grams of aurin. Since the aurin is produced in the form of its 
potassium derivative and a considerable amount of free phenol is 
formed, the reaction probably takes place as follows : 


6C,H,OK + CCl, = (KO-C,H,),C:C,H,20 ++ 3C,H,-OH + 4KCl. 


Calculated from this equation, the yield of aurin is 75 per cent. of 
the theoretical. An attempt was made to prevent the formation 
of phenol, and thus to increase the yield of aurin, by using an 
intimate mixture of potassium hydroxide and potassium phenoxide 
in molecular proportions. In this case, only a trace of aurin was 
formed, the product consisting mainly of unchanged potassium 
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hydroxide and potassium phenoxide together with some potassium 
chloride and potassium carbonate. 

Action of Carbon Tetrachloride on Sodium and Calcium Phenoxides. 
—With sodium or calcium phenoxide, as with potassium phenoxide, 
very little reaction took place at the boiling point of carbon tetra- 
chloride, even when pyridine or finely divided copper was used as 
catalyst. By the action of carbon tetrachloride vapour on sodium 
or calcium phenoxide at 170-——190°, aurin was produced, but the 
reaction was very slow, as the following comparative yields indicate : 


Time four hours. Yield of aurin per 100 grams of phenol. 


Potassium phenoxide 40 grams 
Sodium ms ae 
Calcium ns a a 


3:3':3"-Trimethylaurin (Formula I1).—Carbon __ tetrachloride 
vapour was passed over potassium o-tolyloxide, heated at 110° 
during five hours, and the product was isolated as in the case of 
aurin. It was a brick-red powder sparingly soluble in water, the 
aqueous solution being pale yellow. It dissolved readily in alkalis, 
forming a deep red solution, and separated as a flocculent, orange 
precipitate on acidifying with hydrochloric acid. It dissolved 
readily in glacial acetic acid and in aicohol, but was crystallised 
with difficulty from these solvents. It was purified by recrystalli- 
sation from 10 per cent. hydrochloric acid, being obtained in tufts 
of fine, red needles (Found: C = 79°62; H=G6:11. Cy Ho 0, 
requires C = 79°50; H = 6°03 per cent.). 

2:2’:2"-Trimethylaurin (Formula I1)—This compound was 
obtained by the action of carbon tetrachloride vapour on potassium 
m-tolyloxide at 110°. It was a red powder, sparingly soluble in 
water, forming a pale pink solution, and readily soluble in alcohol 
and in glacial acetic acid. It dissolved freely in alkalis, forming 
adeep red solution, but a dilute alkaline solution appeared slightly 
purple when compared with alkaline solutions of aurin or of 
3:3’: 3”-trimethylaurin of similar strength. It was purified by 
crystallisation from 10 per cent. hydrochloric acid, being thus 
obtained in small, red needles (Found: C = 79:12; H = 6°09. 
CyH90, requires C = 79°50; H = 6°03 per cent.). The compound 
resembled aurin very closely in physical and chemical properties. 
Thus, by treating a solution of it in glacial acetic acid with a slight 
excess of bromine, a bromo-derivative was obtained which dissolved 
in alkalis, forming a deep violet solution. 

NN’N”-Triphenyl-2 : 2’ : 2"-trimethylpararosaniline (Formula 
IIT).—2 : 2’: 2’-Trimethylaurin (1 gram) was boiled with aniline 
(5 grams) and glacial acetic acid (2 grams) during forty-eight hours. 
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The blue liquid was poured into sodium hydroxide solution, and 
after boiling for one hour the excess of aniline was separated by 
distillation in a current of steam. The almost black solid was 
filtered off and washed well with boiling water to remove any 
unchanged acetanilide. The compound is insoluble in water, but 
dissolves readily in alcohol, from which it separates by evaporation 
in the cold in very small, dark blue crystals. The hot alcoholic 
solution is of a deep claret colour, but, on cooling, the colour changes 
to a pure deep blue. The base is somewhat soluble in hydrochloric 
and in sulphuric acids, forming deep blue salts. After drying the 
compound at 120°, the nitrogen was estimated by the Kjeldahl 
method (Found: N= 7°41. C,gH,,ON, requires N = 7:30 per 
cent.). 

Action of Carbon Tetrachloride on Potassium p-Tolyloxide— 
Potassium p-tolyloxide was heated at 110° in a stream of carbon 
tetrachloride vapour, and the product isolated as before. It was a 
light grey, amorphous powder forming a slightly brown solution 
in aqueous sodium hydroxide. The substance is being further 
investigated with the view of establishing its constitution. 

Action of Formic Acid on p-Cresol in the Presence of Zinc Chloride — 
This was a repetition of Nencki’s preparation of the so-called 
** Kresolaurin ” (loc. cit.). 

Pure p-cresol (20 grams) was heated with anhydrous formic acid 
(10 grams) and anhydrous zine chloride (25 grams) at 105—110° 
during one hour. A viscous, brown syrup was obtained. The 
product, when isolated, was a light grey, amorphous powder similar 
to that obtained by the action of carbon tetrachloride on potassium 
p-tolyloxide, and, like the latter, it was soluble in aqueous potassium 
hydroxide, forming an exactly similar pale brown solution. Nencki, 
however, describes “ Kresolaurin”’ as a red, amorphous powder, 
insoluble in water but readily soluble in alkalis, giving a fuchsin-red 
solution. It seems probable that Nencki’s product was simply the 
substance described above mixed with aurins, which would have 
been formed if impure p-cresol, containing pheno: and other cresols, 
had been used. 


The authors wish to express their thanks to Professor F. 8. 
Kipping, F.R.S., for the kind interest he has taken in this research. 
One of us (H. B.) is indebted to the Department of Scientific and 
Industrial Research for a grant which has enabled a part of. this 
work to be carried out. 


University CotLecr, NorrincHaM. [Received, March 17th, 1923.] 
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(XL.—Some Factors Governing the Complete Sorption 
of Iodine by Carbon from Chloroform Solution. 


By JAMES BRIERLEY FirtH and Frep SHEAsBy WATSON. 


In the majority of investigations on the sorption by carbon of a 
substance from solution the main object has been to determine the 
distribution of the solute between the carbon and the liquid solvent 
under conditions such that the solute is present throughout, in both 
the carbon and liquid solvent. 

In a previous investigation by one of us (Firth, T’rans. Faraday 
Soc., 1921, 16, 434), it was shown that, using N/10-solutions of 
jodine in chloroform and benzene, the whole of the iodine was not 
sorbed by the carbon after a period of five years, even when the 
carbon used was as much as 8 grams per 100 c.c. of solution. 
It was shown that the concentration of the iodine in the liquid 
solvent diminished rapidly to a very low value in the case of active 
carbons such as lampblack, sugar carbon, and blood charcoal; 
after which the change in concentration was only very small, even over 
very long periods. In several cases, about 90 per cent, of the 
dissolved iodine was taken up by the carbon within twenty-four 
hours, using 4 grams of carbon per 100 c.c. of solution, yet in 
no case, even with carbon up to 8 grams per 100 c.c. of solution, 
was complete bleaching obtained. 

In the present investigation, the object was to determine some 
of the conditions for the complete transference of the iodine from 
the chloroform solution to the sorbing carbon, that is, conditions 
for complete bleaching. 


EXPERIMENTAL. 


The chloroform was dried for several days over calcium chloride, 
then fractionated, the first and the last runnings being rejected. 
The carbon was sugar carbon as supplied by Merck, and gave less 
than 0-1 per cent. of ash. Solutions of pure resublimed iodine were 
prepared of strengths V/1000 and N/100, and in certain cases N/10. 

The carbon was finely pulverised, and activated as hereafter 
described. The approximate densities of the various specimens of 
the carbon were determined by the water displacement method. 
All experiments were carried out at 18°. The carbon was weighed 
out into well-stoppered flasks of 50 c.c. capacity, 25 c.c. of the iodine 
solution were rapidly added, and the contents shaken. After 
definite intervals, the carbon was allowed to settle, the liquid 
rapidly decanted off, and 10 c.c. of the solution were transferred to 
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a stoppered bottle and titrated with standard sodium thiosulphate: 
usually V/1000-thiosulphate was employed ; but in some cases it was 
necessary to use N/2000. The intervals of exposure of the carbon 
were gradually increased until a point was reached at which the 
whole of the iodine had been taken up by the carbon, that is, there 
was no detectable iodine in the chloroform. 

The results are expressed throughout in terms of 100 c.c. of 
solution ; m is the number of grams of carbon per 100 c.c. of solution; 
x/m the number of grams of iodine per gram of carbon; and a—z 
the final concentration of the solution in grams per 100 ¢.c. The 
results recorded in the present paper are typical, and indicate the 
fundamental points of some three hundred experiments. 

First Series—The object of this series was to determine the time 
required for complete bleaching by carbons which had been subjected 
to various treatments, namely, 

(a) The carbon as received was finely powdered and heated at 
100° for three hours. 

(b) The carbon as received was finely powdered, heated in a quartz 
flask at about 600° in a vacuum for two hours, and allowed to cool 
in a vacuum. 

(c) The carbon as received was finely powdered, heated in a quartz 
flask at about 900° in a vacuum for two hours, and allowed to cool 
in a vacuum. 

(d) The carbon (b), after treatment with iodine solution, was 
collected and heated at a moderate temperature in an open dish 
until the whole of the iodine had been expelled. The carbon was 
then digested several times with alcoholic potash and repeatedly 
boiled with distilled water until the extract gave no opalescence with 
silver nitrate solution. It was then dried and heated in a vacuum 
at 600°, as in (6). 

The densities of the carbons after the above treatment were 1-63, 
1-64, 1-68, and 1-70, respectively. 


Results.— 


m = 4, 
( Iodine {Time = 24 hours. x/m = 0-001175; a — x = 0-008. 
solution | ,, = lidays. «/m=0-00155; a—a= 0-0065. 
| N/1000, 


Carbon (a)- 


Time required for 
complete bleaching. 


( — 4 /N/100-Iodine 10 days. 
~~ \{N/1000_—,, 5 hours. 
en. Ne 8 days. 
Li eee ..., 30 mins. 

plist RO, 4, 135 mins. 

Carton (0) lggiey ‘ \N/1000_,, 30 secs. 


Carbon (d) { m = 4 f N/100 os 9 hours. 


\N/1000 _ ,, 30 secs. 
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In the case of carbon (a), there appears to be no possibility of 


hate wmplete bleaching within a reasonable period. 
it was In all the preceding experiments where complete bleaching was 
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bbtained, the carbon containing the iodine was transferred to a 
mall stoppered flask and pure chloroform added, and in no case 
yas any iodine extracted by the chloroform even after a period of 
twenty-four hours. 

The relative activities of the four specimens of carbon used 
in the previous series were determined by treating 1 gram of 
the carbon with 25 c.c. of N/10-iodine solution for twenty-four 


hours : 
(a) Original carbon as received, (6b) Carbon heated in a vacuum 
heated at 100°. for 2 hours at 600°. 
z/m = 0-1016; a — x = 0-8636. u/m = 0:2616; a — w = 0-2236. 
(c) Carbon heated in a vacuum (d) Recovered carbon from 
for 2 hours at 900°. series (b). 

z/m = 0-2817; a — x = 01432. x/m = 0-2789; a — w = 0-1544. 
Second Series.—In this series of experiments the carbon was treated 


with iodine solutions for a definite period, during which it sorbed 
iodine from solution. The solution was then filtered off and the 
carbon rapidly transferred to a stoppered flask. The amount of 
iodine left in solution was estimated, and from this value the quantity 
of iodine in the carbon was calculated. The carbon containing 
the iodine was treated with pure solvent in the proportion of 15 c.c. 
of solvent to 1 gram of carbon, and the iodine in the solution again 
estimated after a definite period. The carbon was again treated 
with pure solvent and the iodine in the solution again estimated. 
These operations were repeated until no further iodine passed from 
the carbon to the chloroform. 

The solutions were filtered through a thin pad of specially 
prepared asbestos, and a number of blank experiments showed that 
no appreciable quantity of iodine was retained by the asbestos 
under the conditions of the experiment. The treatment with 
pure solvent was generally for twenty-four hours; treatment for 
longer periods did not materially increase the amount of iodine 
extracted, hence equilibrium had been established within twenty-four 
hours. 


Results.— 
In experiments 1—4, the carbon used had been prepared as in 
(6) of the first series, and that used in experiment 5 prepared as in 


(2) of the first series. 
- pt 
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x/m when no 
a/m before detectable Total number 
treatment iodine is of treatments 
with pure removed by _ with pure 
Treatment of carbon, solvent. solvent. solvent, 


1. N/10-Iodine solution for 0-2614 0:2552 


4hours. m= 4. 
2. N 9 gg ee for \ 0-0308 0-02966 
3. ate — vad 0-0158 0-01517 
4, N/50-Iodine solution for ) 
4 hours. m = 4, i 
5. N/10-Iodine solution for ) 
24 hours. m = 4. f 
The above results indicate that the amount of iodine which can 
be retained by the carbon in contact with pure solvent is determined 
by the conditions under which the iodine was originally sorbed. 
For example, in experiment 1 the carbon retained 25 per cent. of its 
weight of iodine in contact with pure solvent, whereas in experiment 
2, although the original iodine content was only 3 per cent., iodine 
was given up on treatment with pure solvent. The main difference 
between the two experiments was simply the concentration of the 
solution from which the iodine was originally sorbed. These results 
cannot be adequately explained on the assumption that iodine 
alone is sorbed; the liquid solvent also is sorbed. The amount of 


0-0597 0-0588 
0-2816 0-2691 


liquid solvent sorbed is probably very small in the more concentrated 
solutions, but relatively great in weak solutions. 


Summary. 

1. Four grams of a highly active sugar carbon will bleach 100 c.c. 
of N/100-iodine solution in a few minutes, whilst N/1000-iodine 
solution is bleached immediately. The bleaching in these cases 
is the result of adsorption. 

2. A moderately active carbon requires several days for complete 
bleaching, which is therefore the combined result of both adsorption 
and absorption. 

3. The amount of iodine which can be retained by the carbon in 
contact with pure solvent varies with the concentration of the 
solution from which the iodine was originally sorbed, and appears 
to be approximately proportional to it. 

4. Carbon recovered from previous experiments showed marked 
increase in activity when freed from iodine. 

5. Both solvent and solute are sorbed by the carbon, the relative 
proportions being mainly determined by the concentration of the 
iodine solution. 


UNIVERSITY COLLEGE, NoTTINGHAM. (Received, January 13th, 1923.] 
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CXLI.—Change of Properties of Substances on Drying. 
Part II. 


By HERBERT BRERETON BAKER. 


A YEAR ago, an account was given of the change of properties 
exhibited by many substances after drying by phosphoric oxide 
for nine or ten years (T., 1922, 121, 568). In most of the experi- 
ments described below, I had the advantage of the co-operation 
of Prof. A. Smits of Amsterdam, who spent a fortnight in my 
laboratory in December last, repeating former determinations and 
aiding me in making new ones. 

Boiling Point—A puzzling feature of the experiments described 
last year was that whilst a thermometer immersed in the dried 
liquid indicated a boiling point of 14 to 62 degrees higher than 
the normal, a thermometer hanging in the vapour showed at most 
one or two degrees rise above the normal boiling point. This 
discrepancy can now be explained. In the earlier experiments, 
the determination was stopped as soon as an apparently steady 
condition had been attained. This was done in order to conserve 
these practically irreplaceable liquids, in order to see if any further 
change takes place with further drying. At Prof. Smits’s instig- 
ation, I resolved to sacrifice one of the small flasks of dried benzene, 
in order to try to elucidate the difficulty. The flask had been set 
drying in 1913 by Mr. C. E. Sladden. 

The neck of the flask was closed by a paraffined cork, through 
which the thermometer passed, instead of being drawn out and 
sealed as in the other experiments. There were about 15 c.c. of 
the dried liquid in the flask. The tip of the delivery tube was 
broken under dried mercury, and the temperature of the oil-bath 
slowly raised to 105° without any ebullition taking place. The 
thermometer in the vapour, when evaporation through the mercury 
was readily apparent, indicated a temperature of 81° (1° only above 
the normal boiling point), but as the evaporation proceeded the 
temperature rose to 87°, just before the last portion of the liquid 
had disappeared. This seems to indicate that a true fractional 
distillation was taking place, the non-associated liquid coming off 
in the earlier stages. 

Melting Points—The melting point of dried sulphur given in 
my former paper was 117°5°. Prof. Smits redetermined this, and 
found a melting point range of 116°8—118°5°. 

The melting point of bromine, dried since 1913 (boiling point 
118°), was found to be — 4'5°; that of bromine purified in the same 
way and dried by only a few days’ contact with phosphoric oxide 
was found to be — 7°3° (boiling point 59°). 

TT*2 
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Sulphur Trioxide—There was in the laboratory a tube, shown 
at the meeting of the British Association in 1894, containing dried 
sulphur trioxide and copper oxide, which were found not to react 
when moisture was removed. The part of the tube containing 
phosphoric oxide had been sealed off, probably in 1912. It is 
unlikely that the inert copper oxide could have influenced the 
melting point of the sulphur trioxide, which was found to be 61:3’. 
A determination with sulphur trioxide which had been drying for 
a short time only gave a melting point of 50°. The dried sulphur 
trioxide changed on melting into the $-modification, the melting 
point of which was found to be 15°5°, compared with 14°. In an 
attempt to get back to the «-modification rapidly, the tube was 
immersed in liquid air, but a crack developed at the seal, so that 
further determinations could not be made. 

Benzene.—The melting point of liquid dried for ten years was 
found to be 60°. The melting point of the same benzene which 


had been dried for a month only by phosphoric oxide and then 


distilled was found to be 5°4°. 


Vapour Densities—It has been possible to make only two deter- | 


minations as yet of the vapour density of the long-dried liquids, 
by reason of the fact that the liquids must be sealed off in bulbs 
without contact with air, and it chanced that the apparatus in 
two cases only was provided with bulbs on the delivery tubes. These 
were ether which had been dried since 1913 and had a boiling point 
of 83°, and methyl alcohol, dried for the same length of time, which 
had a boiling point of 120°. The apparatus used was the modified 
Victor Meyer apparatus described in a former paper (T., 1900, 77, 
647). The vapour density of the ether was 81°7, instead of 
the normal 37. Methyl alcohol, dried since 1913, gave a vapour 
density of 45, instead of the normal 16, the molecular weight 
indicated being nearly three times the normal figure. 


Summary. 


1. A definite fractional distillation of dried benzene has been | 


effected, the highest temperature of the vapour observed being 87°. 


2. The melting points of sulphur trioxide (dried for twenty years), | 
bromine (dried for ten years), and benzene (dried for ten years), | 


have been found to be 61°, — 4°5°, and 6°, respectively. 

3. The vapour density of ether (dried for ten years) has been 
found to be 81°7, more than double the normal, and of methyl 
alcohol, dried for the same length of time, to be 45, compared with 
the normal 15. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

S.W. 7. [Received, May 3rd, 1923.] 
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CHLORO-, DICHLORO-, AND CHLOROBROMO-ACRTATES. 1 


‘XLII.—The Molecular Refractions of Chloro-, 


Dichloro-, and Chlorobromo-acetates. 
By Pavute Laure VANDERSTICHELE. 


Taz molecular refractions of a number of chlorine and bromine 
compounds have been determined by different investigators. The 
atomic refractivities of chlorine and bromine in these substances 
are only approximately constant, the variations observed betraying 
the effect, on the refractive power of the halogen atom, of the 
molecular structure in which it occurs. The determination of the 
molecular refractions of a systematised group of chlorine and 
bromine compounds is described below, and an attempt is made to 
trace possible constitutive influences in connexion with the halogen 
values. The use of «$-dichlorovinyl ethyl ether for the production 
of chloro-, dichloro-, chlorobromo-acetates and the corresponding 
acid chlorides (Crompton and Vanderstichele, T., 1920, 117, 691; 
Crompton and Triffitt, T., 1921, 419, 1874) provided suitable 
material for this investigation. 

The substances dealt with were acetic, monochloro-, dichloro-, 
and chlorobromo-acetic acids, their chlorides, and their ethyl, 
phenyl, and p-tolyl esters. The molecular refractions of fifteen of 
these compounds were specially determined for the purpose. 
Risenlohr’s values are used for acetic acid and ethyl acetate, and 
Briihl’s values for acetyl chloride, ethyl monochloroacetate, and 
ethyl dichloroacetate. The results obtained should : 


1. indicate the variations of the refractivities of chlorine and 
bromine, in compounds of analogous structure. 

2. illustrate the effect, on the molecular refraction, of the 
introduction of a second halogen atom in a molecule, when 
attached to.the carbon to which the first halogen atom 


belongs. 


ExPERIMENTAL. 


Determination of the Density.—The densities were determined with 
a Ramsay pyknometer. The quantities of pure material available 
were usually small, and the pyknometers used had a capacity 
of about 3 c.c. All the densities are referred to that of water 
at 4°, 

Determination of the Refractive Index.—The refractive indices 
were determined by means of a Pulfrich refractometer. As the 
latter was fitted with a heating apparatus, readings could be taken 
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at different temperatures. In the case of substances which are solid 
at the ordinary temperature, the determinations were carried out 
for temperatures just above the melting point. Sodium light was 
employed in every case. 

Calculation of the Molecular Refraction The molecular refrac. 
tion was calculated according to the Lorentz-Lorenz formula, 
The refractive indices having been determined for different tem. 
peratures over a range of about 6°, the corresponding values of the 
refractive index and the temperature were represented graphically, 
Falk (J. Amer. Chem. Soc., 1909, 31, 806) has shown that, over small 
ranges of temperature, the refractive index is a linear function of 
the temperature. The results obtained were in agreement with 
Falk’s statement, and the value used for the calculation of the 
molecular refraction was found by interpolation for a suitable 
temperature. 

The densities were usually determined for at least three different 
temperatures and the density for the required temperature was | 
obtained from the curve connecting these values. 

As several of the substances examined were available in small 
quantities only, and some of them are, moreover, fairly hygro- 
scopic, their purification was somewhat troublesome. But, except 
in the case of chlorobromoacetyl chloride, the values quoted for 
the molecular refractions are probably trustworthy to the first | 
place of decimals. 

The molecular refraction calculated on the Lorentz-Lorenz 
expression increases, according to Eykman, by about 0-003 for a 
rise of temperature of 1°. In order to reduce the results obtained 
to the same temperature, an appreciable correction of the values 
for relatively high-melting solids would be necessary. This cor- 
rection would not, however, exceed — 0°147, the amount involved 
in the case of monochloroacetic acid, and in most other cases would 
be considerably smaller. 

Methods of Preparation.—Monochloroacetic. acid, dichloroacetic 
acid, and phenyl acetate were purified from the commercial 
products; p-tolyl acetate was obtained by the action of acetyl 
chloride on p-cresol. The remaining compounds were prepared 
from «$-dichlorovinyl ethyl ether (loc. cit.). 

The purity of the specimen used was indicated by the constancy 
of its melting or boiling point. Chlorobromoacetyl chloride, the 
preparation of which is given below, was the only substance which 
could not be obtained in a trustworthy condition. 

Preparation of Chlorobromoacetyl Chloride.—The requisite quantity 
of bromine was added to «f-dichlorovinyl ethy] ether (Crompton 
and Triffitt, Joc. cit.) and the liquid allowed to stand out of contact 
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yith the air for several weeks. It was then submitted to fractional 


solid 
1 ont distillation. Ethyl bromide was collected below 50°. The rest 
was gof the mixture came over mainly between 132° and 165°, but no 


distinct boiling point was observed. After several fractionations, 
two distillates were isolated, the one boiling from 132° to 135° 
uncorrected), the other from 135° to 139° (uncorrected), which 
consisted very largely of chlorobromoacetyl chloride. The values 


tem. 
tthe obtained for the density and the refractive index of these two 
ally, j fractions were unsatisfactory and betrayed an appreciable difference 


of composition. 


® Fraction 132—135°. 


Fraction 135—139°. 
i° = 18°; d'¥ = 1-9665; n}* = 1-5060; whence [/?;], 28-989. 


The fraction obtained for the range of temperatures 132—135° 


a was distinctly the larger of the two, but it may have contained 
for traces of «@-dichlorovinyl ethyl ether (b. p. 128°). The fraction 
rst | 8—189° may be mixed with a little chlorobromoacetyl bromide, 
as the value quoted for its molecular refraction seems to 
indicate the presence of some impurity of higher molecular weight. 


Further purification of the small quantities of final product 
obtained was impossible, owing to the difficulty of handling this 
material. 

Preparation of Chlorobromoacetic Acid.—Chlorobromoacetyl 
chloride was converted into chlorobromoacetic acid by addition of 
water. The crude product obtained was purified by fractional 
distillation. The main bulk of the liquid distilled from 207° to 
212° (uncorrected) and solidified on cooling. 

Chlorobromoacetic acid, which has not previously been obtained 
in the solid state (Cech and Steiner, Ber., 1875, 8, 1174; Conrad 
and Briickner, Ber., 1891, 24, 2996), forms colourless crystals. 
The melting point determined in the usual manner is 25°, but the 
solidifying point when the thermometer is immersed in the liquid 
is 238°. It boils with some decomposition at 210—212° (uncorr.)/ 
767 mm. 

The data obtained are given in the table below, in which ¢ is 
the temperature at which the density di and the refractive index 
wy were determined, and [Fz] the molecular refraction calculated 
from dj: and n‘,. 
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t. dy. Nips [Ri}}. 
Monochloroacetic acid ............+++ 65° 1-3703 1-4297 17-800 
Dichloroacetic acid ..............e008 19 1-5691 1-4667 22-783 
Chlorobromoacetic acid ............ 30-6 1-9848 1-5014 25-761 
Monochloroacetyl chloride ......... 20 1-4177 1-4535 21-550 
Dichloroacetyl chloride ............ 16 1-5315 1-4638 26-539 
Ethyl chlorobromoacetate ......... 24 1-5857 1-4659 35-182 
DReEy] ACSI oasis sce. ccseccccesees 20 1-0777 1-5088 37-684 
Phenyl monochloroacetate ......... 44 1-2202 1-5146 42-111 
Phenyl dichloroacetate  ............ 52 1-2967 1-5103 47-296 
Phenyl chlorobromoacetate ...... 52 1-5289 1-5322 50-574 
DROIT. BOCUDAD, ccnaccccccesserssoncecee lj 1-0512 1-5026 42-178 
p-Tolyl monochloroacetate ......... 35 1-1840 1-5150 46-994 
p-Tolyl dichloroacetate ............ 64 1-2381 1-5027 52-251 
p-Tolyl chlorobromoacetate ...... 63 1-4626 1-5242 55-138 


The values for the molecular refractions, including those of acetic 
acid, acetyl chloride, ethyl acetate, ethyl monochloroacetate, and 
ethy! dichloroacetate, are arranged in the following table for pur. 
poses of comparison. No attempt was made to reduce these values 
to a standard temperature, as the correction to be applied is some. 


what indeterminate and would not in any case essentially affect 


the conclusions given below. 


Chloro- 
Chloro- Dichloro- bromo- 
Acetyl. A. acetyl. <A. acetyl. <A. acetyl. 
Calculated average differ- 
ences : 


Brihl and Conrady 4-947 4-947 2-929 
Eisenlohr 4-867 4-867 2-898 
ERE Bat sab aieiceseewcti nies 13:05 4-750 17-800 4-983 22-783 2-978 25-761 
CTIA sosicidccnigoosciaies 16-85 4-700 21-550 4-989 26-539 2-693 29-232 
Ethyl ester ............... 22-38 4-530 26-91 5-270 32-18 3-002 35-182 
PRenyl ester ...25....5.3 37-684 4-427 42-111 5-185 47-296 3-278 50-574 
p-Tolylester ............ 42-178 4-816 46-994 5-257 52-251 2-887 55-138 


Conclusions. 


Attention may be directed to the following points : 

1. The molecular refractions obtained for monochloro-, dichloro-, 
and chlorobromo-acetyl chloride confirm the high value attributed 
by Le Blane (Z. physikal. Chem., 1889, 4, 554), Briihl (ibid., 1891, 
7, 178), and EHisenlohr (ibid., 1910, 75, 585) to the refractivity of 
the chlorine atom when combined with a carbonyl group. 

2. If we consider the increase in the molecular refraction corre- 
sponding to the introduction of one atom of chlorine in the acetyl 
group (columns 2, 3, and 4 in the above table ; mean value of A 4-645), 
we find that the (Cl)—(H) differences diverge from the mean value 
by not more than 4-7 per cent. 

3. If we consider the effect of the introduction of a second atom 
of halogen in the chloroacetyl group, on the molecular refraction 
of the compound (columns 4—8; for chloroacetyl —> dichloroacety! 
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and for chloroacetyl —> chlorobromoacetyl the mean values of A 
are 5-137 and 8-210 respectively), we find that the (Ci)—(H) differ- 
76) ences diverge from the mean value by not more than 3-0 per cent. 
550 and the (Br)—(H) differences by not more than 3-1 per cent. 


189 (omitting the doubtful value for chlorobromoacety! chloride). 
7 4. If we compare the three above sets of increments with the 
296 values for (Cl)—(H) and (Br)—(H) deduced from the average atomic 
i refractivities calculated by Conrady and Eisenlohr, 
78 5 z 
194 (Cl) —(H). (Br)—(H). 
5] Briihl-Conrady’s 
38 average value ... 4-947 7-876 
Eisenlohr’s average 
cetic VBIUG  scccccccceee 4-867 7-765 
Mean increment §———— ' 
and § observed ......++ 4-645 5-137 8-210 
pur: Effect produced Effect produced Effect produced 
ulues by the introduc- by the introduc- by the introduc- 
ee tion of one atom tion of a second tion of an atom 
me. of chlorine in the atom of chlorine of bromine — in 
ffect acetyl group. in the acetyl the  chloroacetyl 
group. group. 
or0- we find that the mean increase in refraction caused by the first atom 
- of chlorine is distinctly smaller, and the mean increase in refraction 


tyl. ae 
. eaused by the second atom of halogen distinctly larger, than the 


values for (Cl)—(H) and (Br)—(H) deduced from the Briihl-Conrady 
and Eisenlohr averages. 


761 As far as this group of substances is concerned, the introduction 
a of a second atom of halogen in the chloromethyl group causes a 
74 measurable exaltation of the molecular refraction. 

38 
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of 4 CXLIII.—The Velocity of Reaction in Mixed Solvents. 
Part V. a. The Velocity of Formation of Quatern- 


e- | ary Ammonium Salts. b. The Study of an Intra- 

“ molecular Change. 

)), 

ne By Joun Dexter, Hamitton McComsiz, and Harotp ARCHIBALD 
SCARBOROUGH. 

m 


In former communications (T., 1921, 119, 970 et seq.), the velocity 
of saponification of certain ethyl esters of monocarboxylic acids 
by a number of bases and at three temperatures has been recorded. 
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A consideration of the results and of the curves showing the relation 
between the velocity coefficient, k, and the percentage composition 
by weight of the ethyl alcohol-water mixtures seems to show that 
the form of the curve is dependent on the power of the two solvents 
to form complexes. Further, it was found that that section of the 
curve between any two discontinuities approached very closely to a 
straight line; and finally it appeared probable that a discontinuity 
in the curve became more or less pronounced as the power of the 
solvent complex to form a further complex with one of the reactants 
increased or decreased. 

A series of deductions drawn from a study of a single type of 
reaction, even if this reaction is studied with a full consideration of 
each possible variant, forms an inadequate basis on which to build a 
working hypothesis. 

It seemed desirable to extend the investigation in three ways : 

(a) To select a reaction which is bimolecular, but which proceeds 
more rapidly in water than in alcohol, and is chemically different 
from the type of reaction already studied. 

These requirements seem to be satisfied in the addition of pyridine 
to bromoacetic ester; a reaction formerly studied by Clarke (T., 
1910, 97, 416). 

(6) To select a bimolecular reaction similar in type to that chosen 
to meet the requirements of (a) and to change the solvents in such 
a way that the probability of complex formation is appreciably 
reduced. 

The reaction between trimethylamine and p-nitrobenzyl chloride 
in benzene—nitrobenzene mixtures as solvent seemed suitable. This 
reaction has been studied by von Halban (Z. physikal. Chem., 1913, 
84, 129). 

(c) To select a monomolecular reaction proceeding more rapidly 
in water than in alcohol. This object was not attained, but a 
reaction studied by Dimroth (Annalen, 1904, 335, 1), the tautomeric 
change of methyl 5-hydroxy-1-phenyl-1 : 2 : 3-triazole-4-carboxylate 
into methyl 1-phenyl-5-triazolone-4-carboxylate, which proceeds 
faster in alcoholic solution than in aqueous solution, seemed a suit- 
able substitute. 


(a) The Formation of Quaternary Ammonium Compounds in 
Binary Solvent Media. 


The rate of formation of quaternary ammonium compounds has 
been studied by numerous investigators and whilst the nature of 
the base and of the halogenated substance has been varied within 
very wide limits, and the solvent changed between such extremes 
as n-hexane and nitromethane, in few cases has a single pair of 


con 
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solvents been examined in more than one or two mixtures and at 
the most five. 

Hemptinne (Z. physikal. Chem., 1899, 28, 225) made a study of 
the addition of ethyl bromide and ethyl iodide to trimethylamine 
in binary and ternary solvent media, but for any pair or trio of 
solvents the number of mixtures examined was limited to five. 
In this work, the relation between the value of & and the percentage 
composition of the solvent is assumed to be linear throughout and 
the percentage deviation is ascertained between the experimentally 
determined and the calculated values of a 50 per cent. mixture. The 
deviation found with a pair of solvents of the same chemical class is 
within the experimental error, but for a binary mixture composed 
of solvents of very different classes the deviation amounted to an 
average of more than 60 per cent. 

The first reaction to be studied was the addition of bromoacetic 
ester to pyridine in alcohol-water mixtures at 45°. The addition 
proceeds according to the equation 

C,H,N + CH,Br-CO,Et = O,H,N< pte CO.Bt 

and is stated to be bimolecular and irreversible. It was found, how- 
ever, that the reaction is not strictly bimolecular, as the value of k 
tends to increase slightly with the time and towards the completion 
of the reaction rises very rapidly. The reaction probably consists 
in two simultaneous reactions, (a) the formation of the quaternary 
ammonium compound according to the equation given above, a 
reaction which, comparatively, proceeds at a high speed, and (6) 
the interaction between the bromoacetic ester and the alcohol and 
the water of the solvent medium according to the equations 


CH,Br-CO,Et + H,O == OH’CH,°CO,Et + HBr 
CH,Br-CO,Et + EtOH == OEt-CH,°CO,Et + HBr, 
reactions which are comparatively slow and the effect of which is 


scarcely appreciable until some 50 per cent. of the reaction is 
completed. 

The results are shown in Tables I and IT and in Fig. 1. 

The second example of the formation of a quaternary ammonium 
salt was the addition of p-nitrobenzyl chloride to trimethylamine in 
solvent mixtures of benzene and nitrobenzene at 30°. 

The addition proceeds according to the equation 


M 
NMe, + NO,*C,H,-CH,Cl = MeN< Giz .0,HyNO, 


This reaction appears to be strictly bimolecular and proceeds to 
completion. The quaternary ammonium salt is comparatively 
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insoluble in the benzene—nitrobenzene mixtures, and if large con. 
centrations of the amine and of the chloride are used, the ammonium 
salt is precipitated and the constant tends to become very irregular; 
usually the constant is steady for a period, then follows a rapid fal] 
and finally the constant tends to become steady once more. An 
attempt was made to use the concentrations of the reactants 
employed by von Halban (loc. cit.), and this irregular behaviour 
of the constant was very noticeable if the reaction was allowed to 
proceed to about 90 per cent. of completion; consequently the 
concentrations were maintained at a smaller value and all irregulari- 
ties disappeared. As the values of k in the single solvents were very 


Fra. 1. 


The addition of bromoacetic ester to pyridine. 


i 


60 40 
Alcohol per cent. —> 
low in comparison with those obtained by von Halban, the effect 
of the initial concentrations of the reactants was examined over a 
wide range, the upper limit being fixed so that the reaction mixture 
was homogeneous up to an 80 per cent. conversion. Under these 
conditions, the reaction was found to be strictly bimolecular and 
independent of the initial concentrations. 

The experimental results are shown in Tables IV and V and in 
Fig. 2. 

A consideration of the results obtained for the velocity of addition 
of bromoacetic ester to pyridine in aleohol-water mixtures shows 
that we are dealing apparently with a reaction which is independent 
of the possible formation of aleohol-water complexes. The curve 
shows that as the percentage of water in the solvent medium is 
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increased the value of & rises smoothly and slowly until about 
40 per cent. of water is present; after which the value of & rises 
sharply with the increase of the water content of the solvent. It 
is very noticeable that the marked discontinuities and sudden 
changes of direction in the curve observed in the case of the 
saponification of an ester by a strong base are absent, and the curve, 
by comparison, appears smooth and continuous. 

Attempts have been made to divide the curve into a series of 
linear sections; the results are, however, unsatisfactory, since each 
section can be made to include a variable number of points without 


Fia. 2. 
Lhe addition of p-nitrobenzyl chloride to trimethylamine. 
0-112 


40 20 
Benzene per cent. —> 


the difference between the observed and the calculated values of k 
being outside the experimental error. The relation between k 
and the composition of the solvent medium could not be expressed 
as a hyperbolic or logarithmic function. 

The physical properties of alcohol—water mixtures and the rate at 
which an ester is saponified by a strong base in alcohol—water 
mixtures have been considered to show the presence of alcohol— 
water complexes at 45°. Further, it will be shown that the rate 
of addition of p-nitrobenzyl chloride to trimethylamine in benzene— 
nitrobenzene mixtures seems to indicate the presence of solvent 
complexes. 

The continuous curve obtained for the addition of bromoacetic 
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ester to pyridine would seem impossible of explanation on the 
assumption that the solvents do not form complexes or that the type 
of chemical reaction studied is unsuitable. 

The study of the influence of the base on the velocity of saponifica. 
tion of an ester showed that the base could play a so far decisive 
rvéle that certain complexes were apparent only with certain bases. 

A consideration of the above facts would seem to indicate that a 
discontinuous curve is to be ascribed to a joint effect of base and 
solvent complex. The most feasible explanation of this joint action 
appears, to the authors, to be a union between the solvent complex 
and one of the reactants. Thus the continuous curve for the reaction 
between pyridine and bromoacetic ester would be explained on the 
assumption that there is no union between one of the reactants and 
the solvent complex. 

The consideration of the results and curve obtained in the reaction 
between p-nitrobenzyl chloride and trimethylamine indicates that 
the only possible division of the curve is into three linear sections. 
This result was unexpected, and every means of confirming it have 
been taken; each confirmatory measurement has only served to 
verify the initial conclusions. The points of intersection of the 
sections occur at 29 and 59°4 per cent. of nitrobenzene and correspond 
to the complexes 4C,H,,C,H,-NO, and C,H,,C,H,;*NO,, respect- 
ively; such complexes would actually require the compositions 
28°4 and 61 per cent. of nitrobenzene, respectively. 

The physical properties of benzene—nitrobenzene mixtures seem 
to have undergone but little examination, and the only physical 
constant which appears to have been recorded is the freezing-point 
curve. This curve shows no evidence of complex formation, and 
the only matter of interest is the fact that the eutectic point occurs 
at a composition of 48°7 molecules per cent., or 59°9 per cent. by 
weight of nitrobenzene. 


(b) The Tautomeric Change of Methyl 5-Hydroxy-1-phenyl-1 : 2: 3- 
triazole-4-carboxylate. 

This tautomeric change has been examined by Dimroth (loc. cit.) 
in a number of solvents with the object of verifying the theory that 
the velocity coefficient is a function of the solubility of the reactant 
or of the product in that particular solvent. The conversion was 
studied in alcohol—-water mixtures at 30°. The reaction is repre- 
sented by the equation 


NPh NPh 


SOS avis Oe en 
C-OH ~~ O 


N—C-CO,Me  N—CH-CO,Me 
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The reaction is monomolecular and reversible, although in alcohol 
the equilibrium position is represented by 300: 1: : keto: enol, 
and the corresponding ratio in water is 14:1. Thus the constant 
found had to be corrected for the reverse reaction. This correc- 
tion was made by determining the equilibrium position for selected 
alcohol—-water mixtures. This reaction is of special interest, as the 
value of & is greater in alcohol than in water, the reverse of what 
is found in the case of the saponification of an ester. The results 
are shown in Tables VI and VII and in Fig. 3. 


Fic. 3. 


The intramolecular change. 


0-0120 


1 i \ 
80 60 40 
Alcohol per cent. —> 


The curve again shows similarities to those obtained in the 
saponification of an ester. Thus there is a marked change in direction 
at 81°7, at 56°4, and at 31-4 per cent. of alcohol, compositions which 
seem to indicate the complexes 5C,H,-OH,3H,O, C,H;-OH,2H,0, and 
0,H,-OH,6H,O. The complexes represented by the compositions 
81:2 and 31:4 per cent. of alcohol seem to be well established. The 
complex C,H,-OH,2H,O has not been observed before; data pre- 
viously obtained indicated a complex 3C,H,-OH,5H,0, which has 
the composition 60°5 per cent. of alcohol. It has been shown, how- 
ever, that the complex C,H,-OH,2H,O has been deduced from most 
other physical measurements. 
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EXPERIMENTAL. 
1. The Addition of Bromoacetic Ester to Pyridine in Ethyl Alcohol- 
Water Mixtures at 45°. 

The bromoacetic ester was prepared from acetic acid by the usual 
method and purified by repeated fractional distillations; the 
fraction boiling at 159° was retained and distilled under reduced 
pressure. The pyridine (Kahlbaum) was distilled and the fraction 
boiling at 116° retained. The ethyl alcohol—water mixtures were 
prepared in the manner previously described. 

The progress of the reaction was followed by titration with silver 
nitrate and ammonium thiocyanate—Volhardt’s method—using iron 
alum as an indicator. The silver nitrate was made up in bulk and 
stored in blackened reservoirs; the ammonium thiocyanate was 
also made up in bulk and of approximately the same strength. 

The reaction mixture was made up by weighing out each of the 
reactants and making up to a given volume; equimolecular quan- 
tities of the reactants were mixed in the cold; 10 c.c. of this solu- 
tion were transferred to a small conical flask immersed in the 
thermostat, and the flask was securely closed. The zero time was 
taken as that moment at which 5 c.c. of the mixture had been 
transferred to the conical flask. After the lapse of a given time, a 
flask was withdrawn, an excess of standard silver nitrate solution 
run in from a burette, a small quantity of nitric acid added, and the 
excess of silver nitrate titrated with the standard ammonium thio- 
cyanate solution. The results are shown in Table I; the value 
of k is the mean of eight determinations. The velocity coefficient 
is calculated from the formula 


k = x/at .(a — 2), 


where a is the concentration of the reactants in gram-mols. per litre, 
and ¢ is the time in minutes. 


TABLE I, 

Alcohol per cent. Ciccetants Limit k. k. 
90 0-250 0-0123—0-0116 0-0119 
80 0-250 0-0175—0-0165 0-0172 
70 0-250 0-0237—0-0232 0-0233 
66-32 0:1667 0-0262—0-0258 0-0260 
60 “te 0-0323—0-0315 0-0319 
50 0-125 0-0455—0-0450 0-0452 
45 s¢ 0-056 —0-053 0-0545 
40 — 0-065 —0-0635 0-0645 
35 = 0-081 —0-077 0-078 
30 0-0833 0-098 —0-095 0-096 
20 0-0555 0-134 —0-120 0-127 


10 0-0667 0-164 —0-157 0-162 


THE 
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In Table II are shown representative results for two alcohol— 
water mixtures, indicating the limits between which k varied and 
the extent to which the reaction was examined. 


TABLE IT. 


66:32 Per cent. alcohol. 30 Per cent. alcohol. 
a = 0-1667. a = 0-0833. 
AgNO, = 0:04730N ; NH,CNS = 0-04616N. 

Change per cent. k. t. Change per cent. k. 
19-13 0-0258 22-24 0-0980 
22-70 0-0259 26-62 0-0967 
26-59 0-0262 30-20 0-0979 
30-23 0-0260 33-26 00-0964 
33-04 0-0260 37-70 0-0967 
36-00 0-0259 39-78 0-0955 
38-60 0-0260 41-66 0-0950 
47-62 0-0260 43-25 0-0953 
49-70 0-0260 


» 
a) 


OO MW18SG Sr Pc 
“IIb Wb wot 


46-10 0-0959 
Mean 0-0260 Mean 0-0962 


os 
~ 


2. The Addition of p-Nitrobenzyl Chloride to Trimethylamine in 
Benzene—Nitrobenzene Mixtures. 


The benzene was prepared from the commercial benzene by wash- 
ing with sulphuric acid, freezing out the benzene three times and 


rejecting about one-third of the liquid at each operation, and finally 
distilling over sodium. The nitrobenzene was prepared from the 
purified benzene and fractionated under ordinary pressure and then 
under reduced pressure. 

The density curve for benzene-nitrobenzene was made using a 
pyknometer of about 20 c.c. capacity; a small bulb was sealed 
into one arm of the pyknometer to allow for the expansion of the 
benzene, and small glass caps were ground on to each arm. All 
measurements were made at 15° and compared with the density of 
water at 4°. 

The method employed to determine the composition of the 
mixture was to weigh out about 12 grams of nitrobenzene (benzene) 
into a weighing bottle with a carefully ground-in stopper; benzene 
(nitrobenzene) was run into the bottle from a burette, the volume 
being calculated to give a mixture of approximately the required 
composition, and the bottle reweighed. Three determinations of 
the density of the mixture were made. The curve was slightly 
concave and in order to obtain the density at intermediate points 
the assumption was made that the curve was a series of straight 
lines between successive points, when the maximum error involved 
is 5 in the fifth decimal figure. 

The results are recorded in Table ITI. 


2ESOT ULES 
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TaBxeE III. 
Per cent. Per cent. Per cent. 
benzene. a. benzene. ay’. benzene. dy, 
100 0-88453 62-96 0-98327 31-00 1-08650 
93-42 0-89933 58°55 0-99635 24-77 1-10880 
89-82 0-90996 55-49 1-00565 18-03 1-13440 
85-71 0-92315 49-92 1-02283 13-58 1-15163 
78:96 0-93839 45-98 1-03541 8-95 1-17060 
72-31 0-95661 40-38 1-05395 4-66 1-18855 
67-67 0-96988 35°81 1-06941 0 1-20870 


The benzene—nitrobenzene mixtures were made up and their 
composition determined from the density data. 

The trimethylamine was obtained as the hydrochloride (Kahl- 
baum), and the p-nitrobenzyl chloride was prepared from benzyl 
chloride by nitration according to the method described by Beilstein 
(Annalen, 1866, 139, 337) and crystallised from ligroin until a 
constant m. p. 71° was obtained. 

The method of preparing solutions for the measurements was to 
liberate the trimethylamine from the hydrochloride by warming with 
caustic potash solution, pass the gas through a series of tubes packed 
with soda-lime, and absorb it in the solvent, which was cooled in ice, 
The concentration of the base was determined by titrating two 
portions of this solution against 0°05N-hydrochloric acid, using as 
indicator a mixture of methyl-orange and sodium indigotinsul- 
phonate, prepared according to the method of Luther (Chem. Zig., 
1907, 31, 1172). 

The p-nitrobenzyl chloride solution was made by direct weighing. 

The reaction velocity was determined at 30° + 0°05° in the 
following manner. A number of small reagent bottles, carefully 
stoppered with rubber stoppers, were immersed in the thermostat ; 
a bottle was withdrawn, and 5 c.c. of each of the reactant solutions 
were run in from a pipette, and the bottle was replaced in the 
thermostat. Zero time was taken as that point at which the two 
solutions were mixed. After a given interval, a bottle was with- 
drawn, excess of standard silver nitrate solution was added, followed 
by a few c.c. of nitric acid and ether, and the mixture was vigor- 
ously shaken in order to coagulate the silver chloride (Z. anorg. 
Chem., 1909, 63, 330). The excess of silver nitrate was titrated 
against ammonium thiocyanate, using iron alum as _ indicator. 
The results are shown in Table IV. The velocity coefficient is 
calculated from : 


k = {2°302/(a — b)t}log{(a — x) .b/(b — 2) .a}, 


where a and 8 are the initial concentrations of the reactants in 
gram-mols. per litre and ¢ is the time in minutes. 


Ber 
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TABLE IV. 


Benzene per cent. Gendiens Cchlorides Limit k. k. 
| 100 0-0904 0-0876 0-00164—0-00153 0-00158 
50 91-27 0-1370 0-1145 0-:00412—0-00393 0-00404 
80 83-43 0-1187 0-0851 0-:0072—0-00695 0-00703 
40 74-30 0-1527 0-0760 0-0109—0-0105 0-0106 
63 63-58 0-0623 0-1084 0-0177—0-0163 0-0169 
60 56-40 0-0617 0-0755 0-:0227—0-0218 0-0221 
55 49-58 0-1224 0-1427 0-:0275—0-0262 0-0266 
70 42-57 0-1288 0-0999 0-0332—0-0320 0-0323 
36-86 0-1126 0-0576 0-0390—0-0378 0-0387 
30-41 0-2094 0-0674 0-0507—0-0488 0-0497 
heir 25-09 0-0611 0-0655 0-0579—0-0564 0-0571 
20-26 0-0551 0-0825 0-068 —0-061 0-065 
12-48 0-0465 0-0684 0-077 —0-073 0-075 
ahl- 6-72 0-0734 0-0459 0-088 —0-084 0-086 
zy! 0 0-0460 0-0601 0-112 —0-104 0-107 
ein In Table V are shown two representative results for two benzene— 
la nitrobenzene mixtures, indicating the limits between which k 
varied and the extent to which the reaction was examined. 
} to 
“ith TABLE V. 
ked Benzene. 20-36 Per cent. benzene. 
ice Camine 0-0904 ; Cchloride 0-0876. Camine 0°0551 3 Cchloride 0-0825. 
jWO t. Xe k. t. @ k. 
as 1451 0-0149 0-00153 88 0-0184 0-064 
1922 0-0195 0-00163 128 0-0237 0-064 
ul. 2549 00238 0-00161 166 0-0288 0-068 
tq., 3020 0-0268 0-00161 218 0-0333 0-064 
3305 0-0283 0-00154 248 0-0351 0-067 
3813 0-0322 0-:00164 290 0-0373 0-066 
ng, 4353 0-0336 0-00155 324 0-0388 0-065 
the 4805 0-0353 0-00154 365 0-0400 0-063 
1 Mean 0-00158 Mean 0-065 
MY 
at; A consideration of the results and of the curve shows that as the 
yns percentage of benzene in the solvent mixture is increased the value 
the of & falls sharply until about 10 per cent. has been added; from 
wo this point the curve appears to consist of three linear sections. 
th- Assuming that these sections are perfectly linear up to the point 
ed of intersection, these points would occur at 59°4 and 29-0 per cent. 
or- of nitrobenzene, whereas the complexes C,H,,C,H;-NO, and 
9. 4C,H,,CsH;"NO, require 61 and 28°4 per cent. of nitrobenzene, 
‘ed respectively. 
or. ; ; 
ts (c) The Conversion of Methyl 5-Hydroxy-1-phenyl-1 : 2 : 3-triazole- 
4-carboxylate into Methyl 1-Phenyl-5-triazolone-4-carboxylate in 
Alcohol-Water Mixtures. 


The methy] ester of the hydroxyphenyltriazolecarboxylic acid was 
prepared by Dimroth’s method (loc. cit.) by the condensation of 
phenyl azide with malonic ester; it,was stored as the stable hydrate 
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and dehydrated over phosphoric oxide in a desiccator just before 
use. The ketonic isomeride which was formed during the dehydration 
was removed by washing with pure dry ether. 

The solvent mixtures were prepared as described in former com- 
munications. The reaction mixture was prepared by adding an 
appropriate amount of the enolic ester to the required alcohol- 
water mixture, shaking vigorously, filtering rapidly, and immersing 
in the thermostat for about five minutes. 

The initial concentration was determined by taking 10 c.c. of the 
solution, adding to it a mixed solution of potassium iodide and 
iodate, and titrating the liberated iodine against standard sodium 
thiosulphate. The moment at which this sample was removed was 
considered as zero time. The potassium iodide solution contained 
32 grams per litre and the potassium iodate solution 5 grams per 
litre; equal quantities of these solutions were mixed immediately 
before use. 

The reaction is very simple to follow, as the enolic ester is strongly 
acidic, whereas the ketonic ester is neutral, and the former liberates 
iodine from the iodide—iodate solution according to the equation 


5KI + KIO, + 6HX = 6KX + 61 + 3H,0 


(where HX is the enolic ester). Thus each molecule of the enolic 
ester liberates one atom of iodine. The reaction is monomolecular 
and the velocity coefficient is calculated from the equation 

k = k, — ky = 1/t. log aja — z, 
where a is the initial concentration of the ester, ¢ is the time in 
minutes, k, is the velocity of formation of the ketonic ester, and k, 
is the velocity of formation of the enolic ester. 

The actual value of &, was determined by finding the equilibrium 
position in various alcohol—-water mixtures and thus finding the 
relative value of k,. The results are shown in Table VI and in 
Fig. 3. 


TABLE VI. 
Alcohol Alcohol 
per cent. Limit k. ky. per cent. Limit k. ky. 


94-2. 0-0119—0-0117 0-011 *54-89  0-00140—0-00130 0-00140 
*90 0-0089—0-0088 0-00895 *50 0-00120—0-00110 0-00121 
85 0-0062—0-0061 0-00625 *45 0-00093—0-00091 0-000965 
*80 0-00485—0-0047 0-00485 *40 0-00068—0-00063 0-00068 
75 0-00375—0-00365 0-00375 *34-86 0-00048—0-00044  0-00048 
70 0-0031—0-0029 0-00305 *30 0-00033—0-00030  0-00033 
*65 0-00245—0-00230 0-00245 *19-34 0-000125—0-00011 0-00012 
60 0-00195—0-00187 0-00195 


Values marked * have been determined in duplicate. 


In Table VII are shown two representative results for two 
aleohol—water mixtures. 
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TaBLeE VII. 


90 Per cent. alcohol. 19-34 Per cent. alcohol. 

t. Titre. k. é. Titre. k. 

0 17-25 a 0 10-15 — 
49 11-20 0-0088 1211 8-80 0-000118 
69 9-40 0-0088 1721 8:24 0-000122 
89 7°80 0-0089 2959 7:00 0-000120 
109 6-51 0-00895 4154 6°15 0-000120 
129 5-50 0-00885 5548 5:35 0-000116 
150 4-60 0-0088 5949 5-14 0-000115 
Mean 0-00885 Mean 0-000118 


A consideration of the results and of the curve shows that the 
value of k, appears to be directly proportional to the composition 
of the solvent mixtures in the three linear sections into which the 
curve is divisible. 

A fourth section is indicated by two points only, owing to the 
insolubility of the ester in solvent mixtures containing more than 
80 per cent. of water. 

The points of intersection occur at 81°7, 56°4, and at about 32 per 
cent. of alcohol. These results are in remarkable agreement with 
those obtained from a study of the saponification of esters in the 
same pair of solvents. 

Summary. 

(1) Two reactions have been examined in a solvent consisting of 
alcohol and water, and one in mixtures of benzene and nitrobenzene. 

(2) The curves showing the relation between the value of k and the 
composition of the solvent show certain similarities ; the curves appear 
to be built up of a number of straight lines which do not intersect at 
a point but pass from one section to the next by a slight curvature. 

(3) The calculated points of intersection occur at such composi- 
tions of the solvent medium that complexes seem to be indicated. 

(4) The points of discontinuity become more or less pronounced 
according to the nature of the reaction, and the differences in 
behaviour observed in the various reactions seem to indicate that a 
solvent complex only becomes marked when one of the reactants 
is capable of forming a further complex with the solvent complex. 

(5) The complexes indicated in the reaction in alcohol—water 
mixtures are in close agreement with those previously found. 

(6) Benzene and nitrobenzene seem to form at least two well- 
defined complexes. 


The authors beg to express their thanks to the Government Grant 
Committee of the Royal Society for funds placed at their disposal 
which have defrayed the cost of the research. 
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CXLIV.—Oxidation of Nickel Sulphide. 


By Joun StantEy Dunn and Eric KeicutLtey Ripa. 


THE mechanism of a number of heterogeneous reactions in which 
a solid catalyses the reaction between two gases or substances in 
solution has been examined in detail, but the case of a reaction 
between a solid and a dissolved substance under the influence of 
a soluble catalyst has not been extensively investigated. 

It. has been found that the oxidation of nickel sulphide sus. 
pended in water is a reaction of this type, and investigations have 
been made to determine the following factors : 

(1) The temperature coefficient of the reaction. 

(2) The influence of a soluble catalyst. 

(3) The connexion between catalytic action and adsorption of 
the catalyst on the surface of the nickel sulphide. 

The literature available on the oxidation of metallic sulphides 
is meagre and in many cases untrustworthy. For instance, the 
atmospheric oxidation of some sulphides is attributed by one 
author to small quantities of ozone. 

Pavia (Mon. Sci., 1908, [iv], 22, 373) states that the reaction 
proceeds in two stages. Sulphur is first set free with the formation 
of the corresponding oxide. The sulphur is then oxidised to 
sulphuric acid and dissolves the oxide. He states, further, that 
these reactions are in general accelerated by sunlight. 

Preparation of Sulphides—When nickel monosulphide is pre- 
pared by precipitation from solution, it occurs in three polymorphic 
modifications, designated «, 8, and y, according to circumstances 
(Thiel, Chem. Zentr., 1914, i, 18). 

The «-sulphide is prepared as a spongy, black mass when freshly 
prepared ammonium sulphide is added to a solution of a nickel 
salt. It retains water very strongly and is comparatively active 
chemically. If, for instance, air is suddenly admitted to a vacuum 
desiccator in which a-nickel sulphide is drying, the temperature 
will rise rapidly to 50—60° owing presumably to rapid oxidation 
(see also de Clermont and Guizot, this Journal, 1877, 32, 199). 

The §-sulphide is, formed when hydrogen sulphide is passed 
through nickel acetate solution. It is a black precipitate, rather 
denser than the «-form, and is much more easily dried. 

The y-sulphide is produced when hydrogen sulphide is passed 
into nickel acetate solution, acidified with acetic acid. The result- 
ing precipitate is boiled with 2N-hydrochloric acid, which converts 
some of the 8-form to y and dissolves the remainder. Thus pre- 
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pared, it is a grey powder with a pyritic lustre. It is much less 
active than either the «- or 6-form. 

The three forms of the sulphide were prepared as described above, 
washed by repeated decantation with distilled water, and finally 
with hot water on a Buchner filter. They were then dried by press- 
ing between filter-paper, and the process was completed by standing 
in a vacuum over calcium chloride. 

The 6-form, which was examined in greatest detail, gives a 
suspension when dispersed in pure water which takes ten minutes 
or more to settle completely. The y-form under similar conditions 
settles much more rapidly. 

It was at first attempted to follow the course of the reaction 
by the estimation of the soluble nickel produced when carbon 
dioxide-free air was bubbled through a suspension of nickel 
sulphide. If this method be employed, water must be added to 
replace the sample withdrawn. This constitutes a serious draw- 
back when a catalyst is present, however, for the original con- 
centration of catalyst is undoubtedly changed by adsorption and 
the addition of catalyst solution at the original strength would 
be inadmissible. The experimental method finally adopted in 
studying the oxidation quantitatively depends on the measurement 
of the rate of disappearance of oxygen when a suspension of a 
definite weight of nickel sulphide in a definite volume of water is 
shaken in contact with this gas. 

In conducting an experiment, 0°5 gram of sulphide is intro- 
duced into a reaction vessel consisting of a cylindrical tube of 
about 100 c.c. capacity, into which at opposite ends are sealed 
glass tubes. One is connected to the gas burette. Through the 
other, which can be closed with a rubber stopper, 40 c.c. of water 
or catalyst solution are added. The reaction vessel, which is con- 
nected to a jacketed gas burette and immersed in a thermostat, 
can be rocked longitudinally. A rapid current of oxygen from a 
cylinder is passed through the apparatus until the reaction vessel 
and burette are full of this gas. The reaction vessel is then closed, 
and after allowing about five minutes for the attainment of thermal 
equilibrium, the gas burette is levelled, the shaker started, and the 
absorption followed from gas burette readings from time to time. 
The temperature of the oxygen in the burette is kept constant by 
circulating through a jacket water from the thermostat. 

A fairly slow rate of rocking gave the best agitation, but the 
oxygen absorption was independent of the rate of agitation above 
a certain very low rate. 

In the adsorption experiments, the procedure was repeated, but 
at the end of thirty minutes the sulphide -was allowed to settle 
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and the concentration of vanadium estimated by oxidation with 
permanganate and titration with ferrous sulphate solution, using 
an electrometric determination of the end-point. The method of 
Conant (J. Amer. Chem. Soc., 1916, 38, 341) was modified slightly 
by titrating in 20 per cent. hydrochloric acid at room temperature, 

For the work on the nature of the reaction product, the experi- 
ment was carried out in the usual way for some time. The shaker 
was then stopped, the gas level quickly read, and the contents 
of the reaction vessel were poured through a filter under suction 
and washed rapidly with cold water. Excess of ammonia was 
added and after filtration the nickel was estimated in the customary 
manner with dimethylglyoxime. 

The reaction might conceivably take place in two ways : 


(a) By solution of nicke] sulphide followed by oxidation. 


(6) Heterogeneously by direct action of dissolved oxygen upon | 


the solid sulphide. 


If the former be the case, the extent of oxidation after a certain 
time will be independent of the amount of solid sulphide present, 
whereas if the reaction is heterogeneous the reaction velocity will 
be proportional to the surface of the sulphide or to the amount 
of the latter. 

This point was investigated by suspending different amounts 
of a rather active 8-sulphide in aerated water and estimating the 
amount of nickel-ion in solution after a definite time. The {following 
figures (grams) show the reaction to be heterogeneous. 


TABLE [. 
Amount of NiS 0-4 
Soluble Ni found 


3 


Amount of Nis 
Soluble Ni found 


9? 9? 


1 0-0289 
8 0-0285 


2 

“0241 

0235 0-043 
2 

0 

0 


20 
19 


Temperature Coefficient—Measurements were carried out at 20, 
35°, and 45°. ‘The results are expressed as cubic centimetres of 
oxygen absorbed per hour by 1 gram of nickel sulphide. 


TaB_eE II. 
Temperature 
+-Sulphide 
B-Sulphide 
A temperature coefficient is thus obtained of 20 and 1°9 per 10° 
temperature rise, for the y-sulphide and 2°15 and 2°37 for the 6. 
Reaction Product.—A series of experiments was carried out to 
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test whether the course of the reaction was modified by different 
concentrations of catalyst. The sulphide was shaken in each case 
till an approximately equal amount of oxygen had been absorbed. 
The amount of nickel sulphate in solution was then estimated by 
the glyoxime method. It will be noticed that the amount of 
oxygen equivalent to the soluble nickel is greater than the observed 
oxygen absorption in the case of the stronger catalyst concentra- 
tions. This may be attributed to solution by acid produced by 
the hydrolysis of the catalyst, vanadyl sulphate, of nickel oxide 
or basic sulphate which is unavoidably formed in washing the 
precipitated sulphide. 
TaBceE III. 


(Concentration C.c. of O, 
of catalyst in Gram of nickel Gramof equivalent to 
nillimoles per C.c. of O, glyoxime pre- soluble Ni reckoned as 
litre. absorbed. cipitated. nickel. sulphate. 
0-019 0-00386 2-9 
0-048 0-00975 7:3 
0-080 0-0162 12-1 
0-090 0-0182 13-6 
0-107 0-0217 16-3 
0-118 0-024 18-0 


=) 


rn oer 
Onaono 


Parallel reaction velocity experiments were then carried out in 
which both the variation of oxygen absorption and the amount of 
soluble nickel produced were determined. The difference in 
columns 2 and 5 (Table IV), which is shown in column 6, is fairly 
constant and corresponds with the amount of soluble nickel pro- 
duced by solution of the oxide or basic sulphate. 


TABLE LV. 


4°8 Millimoles of catalyst per litre. 
Nickel gly- 

C.c. of O, oxime Soluble O, equiv. 

Hours. absorbed. found. Ni. to sol. Ni. 
0-25 . 0-0570 0-0116 8-6 
0:50 , 0-0660 0-0134 10-0 
1-50 , 0-0905 0-0182 13-6 
2°75 . 0-1385 0-0282 21:0 


The following figures make clear the fact that the product of 
the reaction is really nickel sulphate and that the apparent vari- 
ations of Table III are due to an extraneous factor which is 
eliminated after the first half hour or so. For three concentrations 
of catalyst, two simultaneous oxidations were carried out. The 
frst was stopped after a short time, the second was allowed to 
continue for a longer period. In each case, the amount of oxygen 
absorbed and the soluble nickel produced were estimated. : The 

VOL, CXXIII. UU 
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agreement between the amount of oxygen absorbed with the 
nickel sulphate produced is shown in the third line for each set 
of determinations. 


TABLE V. 
C.c. of O, Nickel gly- C.c. of O, 
absorbed oxime Soluble Ni _ present as 
Conc. of catalyst. (aver.). (gram). (gram). sulphate. 
2-4 millimoles per) { 7-5 0-0800 0-0162 12:1 
litre f. Ist 0-1440 0-0292 21-8 
DHCPORCS ..cccccccsee 11-6 9-7 
4-8 millimoles per) f 3°85 0-0060 0-0134 10-0 
litre J \ 14-25 0-1385 0-0282 21-0 
Difference ............ 10-40 11-0 
9-6 millimoles per) f 85 0-1070 0-0217 16-2 
litre (14:3 0-1461 0-0296 22-1 
DiTOVENCE .....000000. 5:8 59 


Fic. 1. 


Absorption of oxygen under the influence of varying strengths of 
catalyst solution. 


C.c. of oxygen absorbed. 


Time in hours, 


In Fig. 1 are shown the reaction velocity curves for the catalytic 
oxidation of nickel sulphide with various concentrations of 
catalyst. Fig. 2 represents the effect of addition of acid to a 
solution containing 0°72 millimole of catalyst per litre. The figures 
by the curves refer to the concentration, in millimoles per litre, of 
the catalyst and of the acid, respectively. 

From these curves the figures tabulated below are obtained 
and these results are expressed graphically in Fig. 3, which also 
shows the adsorption of vanadium-ion from solutions of vanadyl 


sulphate of varying strengths. 
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Fig. 2. 


Absorption of oxygen with fixed catalyst concentration but varying 
acid concentrations. 
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Rates of oxidation of B-NiS at 25° with varying catalyst 
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a= Adsorption of vanadium on NiS. 
———— Variation of rate of oxidation on addition of acid to catalysed 
tic reaction. 
f —-—-— Variation of rate of oxidation on addition of acid alone. 
oF e Gapees ss Variation of rate of oxidation with catalyst concentration y-NiS 
) at 35°. 
res TABLE VI. 
of Rate of absorption of oxygen with varying catalyst 
concentration. 
1ed_ }1= concentration of catalyst in millimoles per litre. 
Jso }4= reaction velocity. C.c. of oxygen absorbed per hour by 0-5 gram of 
ivl nickel sulphide. 
YTa 0 O07 096 14 19 24 34 48 96 192 
b 1-25 1-9 1-9 1-9 6-5 5:6 5-2 4-6 
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Tasie VII. 


Rate of absorption of oxygen in presence of sulphuric acid. 


Concentration of catalyst = 0-7 millimole per litre. 
a = concentration of acid in millimoles per litre. 
= reaction velocity. 


a 0 1-25 1-85 2-5 3-1 a7 4-3 6-2 
b 1-9 1-9 6-3 6-3 5-9 3°8 2:5 2°3 
TABLE VIII. 


Influence of addition of acid on the uncatalysed reaction. 


a = concentration of acid in millimoles per litre. 
6 = reaction velocity. C.c. of oxygen absorbed per hour by 0-5 gram of 
nickel sulphide. 


a 0 31 3:7 4:3 6-2 
6 1-25 2-3 2-7 2-7 2-4 
TABLE IX. 


Adsorption of vanadium on nickel sulphide. 


« = concentration of vanadyl sulphate in millimoles per litre. 
b = mg. of vanadium adsorbed on 0-5 gram of nickel sulphide. 
a 0-48 0:72 0-96 1-4 4 


4:8 
b 0-92 1-46 1-18 0:67 0-44 0-1 


2 


Discussion of Results. 


The discrepancy between the oxygen absorbed and the nickel 
found as sulphate indicates clearly that the uncatalysed oxid- 
ation of moist nickel sulphide proceeds according to Pavia’s scheme 
of a two-stage reaction. The catalytic oxidation, from the fact 
that sulphate is the product of oxidation, proceeds apparently in 
one stage. The uncatalysed reaction, however, doubtless proceeds 
at the same time, and in the case of the catalytic oxidation of a 
very reactive sulphide traces of sulphur were found at the end of 
the reaction. 

The curves showing the relationship between oxygen taken up 
and time are approximately linear for the uncatalysed reaction, 
and this also holds after a short curved portion for the catalytic 
oxidation of less reactive specimens of nickel sulphide. ‘The 
curvature in the case of the more reactive sulphides is very distinct 
and is most noticeable for small catalyst concentrations. The 
curves showing the relation. between catalyst concentration and 
reaction velocity present unusual features. At first only a very 
slight increase is observed, but this is followed by a sudden rapid 
rise to a maximum, after which the reaction velocity falls off more 
gradually, being roughly a linear function of the logarithm of the 
concentration. The adsorption curves are also abnormal, for they 
too, after rising linearly with concentration, suddenly fall off, 
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although much more rapidly. The form of this curve suggests the 
intervention of a third factor besides vanadium and nickel sulphide, 
and it is not unreasonable to suppose that the same inactivating 
agent was operative in suppressing both catalytic activity and 
adsorption. 

It has been shown (Table ITI) that, for catalytic oxidation, 
initially more nickel sulphate is formed than can be accounted 
for on the ground of oxygen absorption alone, and this excess 
increases at first rapidiy from a negative quantity for zero catalyst 
concentration up to the concentration of maximum catalytic 
activity and then more slowly with greater concentrations. 

Marked catalytic effect is always associated with a colour change, 
the bright blue of the vanadyl-ion giving place to the yellow or 
green characteristic of tervalent vanadium salts. This yellow or 
green solution is quite stable in presence of oxygen, but the addition 
of excess of dilute acid restores the blue vanadyl colour when the 
mixture is shaken with air. Salts of tervalent vanadium are known 
to be extensively hydrolysed in dilute solution, and it appeared 
probable that free acid produced by hydrolysis was the disturbing 
factor. Accordingly, the effect of addition of sulphuric acid, both 
on the catalysed and uncatalysed reaction, was investigated. 

The curve (Fig. 3) showing the influence of acid on the un- 
catalysed reaction indicates a definite acceleration to a maximum 
velocity which is followed by a subsequent decrease, The vari- 
ation, however, is not great, and may be attributed to change in 
the condition of the sulphide surface. The curve showing the 
variation of the catalytic reaction velocity with increasing amounts 
of acid recapitulates all the features of the catalyst concentration 
curve, although owing to the direct introduction of acid the 
descending portion is much more compressed. 

At the point of optimum acidity, reduction of the catalyst con- 
centration to 0°23 millimole per litre had no effect on the rate of 
oxygen absorption, which remained constant at 6°3 c.c. per hour. 

The descending branches of the curves for varying catalyst 
and for varying acid concentrations are associated with the blue 
colour of the vanadyl-ion, the flocculation and rapid settling of 
the nickel sulphide. Semi-quantitative experiments on the time 
of settling of a suspension of nickel sulphide indicated a maximum 
stability of the suspension in the neighbourhood of the optimum 
acid and catalyst concentrations. 

The phenomena observed may be accounted for in the following 
general terms : 

There are two distinct modes of formation of nickel] sulphate 
by oxidation : 
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2NiS + 0, —> NiO + 28, 
28 + 30, + 2H,0 —> 2H,S0,, 
NiO ++ H,SO,—> NiSO, + H,0, 


and the catalytic reaction 
NiS + 20, —> NiSO,. 


The second reaction may be prevented by the presence of a film 
of nickel oxide, which can, however, be removed by excess of acid 
produced by hydrolysis of vanadium sulphates or directly intro. 
duced. 

The catalytic agent is tervalent vanadium, probably in the form 
of colloidal V(OH),. This is assumed to take up a molecule of 
oxygen, giving momentarily a quinquevalent vanadium compound, 
which reacts at the surface of the nickel sulphide, regenerating 
tervalent vanadium. When the concentration of acid in the 
system is such that it can keep the nickel sulphide surface reason- 
ably clear and yet is not sufficient either to flocculate the nickel 
sulphide or to stabilise the vanadyl salt, V'Y or VO", a maximum 
catalytic effect is observed. 

Trillat (Compt. rend., 1903, 137, 922; 1904, 138, 94, 274) has 
observed that whilst neutral manganese salts are almost inactive 
the addition of a small quantity of alkali renders them catalytically 
active in promoting the oxidation of certain phenolic substances. 
In this connexion it is noteworthy that the oxidation potentials 
of the various manganese compounds are strongly influenced by 
hydrogen-ion concentration. Thus the oxidation potential of a 
neutral 0°1M-permanganate solution is 1°31 volts, whilst in normal 
acid it is 2°12 volts. Again, the free energy of the permanganate- 
mangano-reaction is expressed by 

_ RT [Mn""}po.! . 
A = RT log k — 4 log [Mn0,’H'? 
Similar data are not available for vanadium, but it appears prob- 
able that here again the oxidation potentials, catalytic activity, 
and hydrogen-ion concentration are intimately connected. 

For a solution containing 19 millimoles of vanadyl sulphate 
per litre and for one containing 1°85 millimoles of sulphuric acid 
an initially rapid oxidation of 6°3 c.c. of oxygen absorbed per hour 
falls off suddenly to 2°2 and 1'8 c.c. per hour, respectively. Two 
curves for the oxidation of a 8-sulphide at 35° show a similar 
behaviour. In these cases, one must assume that the uncatalysed 
reaction still continues to produce nickel oxide, which is progres- 
sively removed by slight excess of acid. Eventually, however, all 
the acid is used up and a protective film of oxide is formed which 
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diminishes the reaction velocity to the observed low uncatalysed 
velocity. 

In Fig. 3 the behaviour of a specimen of inactive y-sulphide is 
shown. It will be noted that the peak of maximum oxidation is 
at a lower concentration than in the case of the more reactive 
g-sulphide. This is in accordance with the theory which requires 
the solution of the oxide film by acid before catalytic oxidation is 
possible, since the less reactive the sulphide the less nickel oxide 
is formed in washing and the smaller the quantity of acid required 
for its removal. 

Summary. 

The velocity of oxidation of the B- and y-forms of nickel sulphide 
in aqueous suspension have been determined by measurement of 
their oxygen absorption. The oxidation is shown to be a hetero- 
geneous surface reaction, with temperature coefficient in the 
neighbourhood of 2. 

The intermediary formation of basic salts is shown to occur, 
supporting the hypothesis of a two-stage oxidation process. 

The oxidation is markedly accelerated by soluble vanadium 
salts, which are adsorbed and give nickel sulphate without the 
intermediary formation of basic salts. The catalytic effect is 
ascribed to colloidal V(OH), and is greatest in weakly acid solutions. 


One of us (J. S. D.) wishes to express his indebtedness to the 
Executive of the Department of Scientific and Industrial Research 
for a grant which enabled him to carry out this work. 
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CXLV.—T he Combustion of Complex Gaseous Mixtures. 
Part II. Mixtures of Carbon Monoxide and 
Hydrogen with Air. 

By Wiut1am PayMAN and RICHARD VERNON WHEELER. 


By means of the “law of speeds” (see Part I of this research, T.., 
1922, 121, 363; also T., 1919, 115, 1436, 1446, 1454; 1920, 117, 
48), it is possible to calculate the speed of the uniform movement 
of flame in any mixture of air with a complex inflammable gas 
mixture, provided that the speeds of the flames in mixtures with 
air of each of the inflammable gases taken singly is known. 

A complexity arose when dealing with mixtures containing 
carbon monoxide, for the speed of propagation of flame in a given 
mixture of carbon monoxide with air or oxygen is dependent on 
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the degree of saturation with water vapour. This fact was 
established by Dixon (Phil. Trans., 1893, 184, 97) with regard to 
the speed of the explosion-wave in the mixture 2CO + O,, thus: 


Water vapour, per Speed of explosion. 

Condition of mixture. cent. by volume. wave in m. per sec, 
1264 
1305 
Saturated at 10° . 1676 
Saturated at 20° . 1703 
Saturated at 35° . 1738 
Saturated at 45° . 1693 


The proportion of water vapour that had the optimum effect on 
the speed was thus found to lie between 5°6 and 9°5 per cent., and 
any excess over this quantity retarded the explosion-wave. 

Similarly, as regards the uniform movement of flame, it was 
found (T., 1919, 115, 1454) that but slight variations in the 
quantity of water vapour present in mixtures of carbon monoxide 
and air caused marked changes in its speed. 

Some doubt therefore existed as to the correct value to use for the 
speed of flame in mixtures of carbon monoxide and air when attempt- 
ing to calculate, by means of the law of speeds, the speed of flame 
in a complex mixture containing carbon monoxide, unless the degree 
of saturation of the mixture by water vapour was known. 

Dixon has also shown, however (T., 1886, 49, 94), that hydrogen 
or any gas containing hydrogen (such as methane) affects the com- 
bustion of carbon monoxide in the same manner, and possibly in a 
similar degree, as does water vapour. It is reasonable to suppose, 
therefore, that the speed of flame in complex mixtures containing 
more than a certain small proportion of hydrogen (or of a gas con- 
taining hydrogen) in addition to carbon monoxide will be un- 
affected by the presence of varying quantities of water vapour, 
since the presence of the hydrogen will ensure that the maximum 
rate of combustion of the carbon monoxide shall be attained. 

Experimental values for the speeds of flame in mixtures of carbon 
monoxide, hydrogen, and air, in which the carbon monoxide and 
hydrogen are in a known ratio, should therefore be satisfactory for 
calculating the speeds of flame in other mixtures in which the 
carbon monoxide and hydrogen bear a different ratio to each other, 
so long as the requisite minimum quantity of hydrogen is exceeded. 
Or the “ effective ” speeds for mixtures of carbon monoxide and 
air alone could be calculated from such values, and these speeds 
used for further calculations, the “ effective ” speed of flame in a 
given mixture of carbon monoxide and air, as determined from 
experiments with mixtures containing more than a certain quantity 
of hydrogen, being, presumably, that which would be obtained 
with the optimum saturation of water vapour. 
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For when flame travels in a mixture of hydrogen, carbon monoxide, 
and air the effect of the hydrogen may be presumed to be twofold ; it 


- will determine the combustion of the carbon monoxide, and it will, by 
ee its own combustion, aid in the propagation of the flame. These two 
. effects of the hydrogen can be regarded as independent of each other. 
The speeds of the uniform movement of flame, in a horizontal 
glass tube 2°5 cm. in diameter, in mixtures of air with mixtures of 
carbon monoxide and hydrogen corresponding in composition with 
3CO +- H, and CO + H,, have been determined. The maximum 
ton @ speed of uniform movement of flame in any mixture of 3CO + Hy 
and @ @d air is 214 cm. per second; in any mixture of hydrogen and air, 
under the same conditions of experiment, it is 485 cm. per second 
wie (Haward and Otagawa, T., 1916, 109, 83). From these two values 
the | the maximum “effective ” speed in mixtures of carbon monoxide 
ride and air can be calculated and is found to be 125 cm. per second. 
Using this result to calculate the maximum speed of flame in mixtures 
the of CO + H, and air, a value 305 cm. per second is obtained. The 
pt measured speed was 3152 cm. per second. 
ne It should be possible to check the value calculated for the 
“ae “effective ” speed of flame in mixtures of carbon monoxide and air 
, by actual measurement, using mixtures saturated with water vapour 
_ at different temperatures. Two series of determinations of this 
ay character, the experimental difficulty attending which is con- 
ss siderable, have been made for us by Mr. W. Shepherd. 
$e, Two mixtures of carbon monoxide and air were prepared in large 
ny gas-holders over water, one containing 45 per cent. of carbon 
ny monoxide, this being within the range of mixtures in which the 
i. speed of the uniform movement of flame is fastest; and the other 
rr, 40 per cent. The gas-holders, explosion-tube (a glass tube 2°5 cm. 
- in diameter and 4 m. long), and recording apparatus were installed 
in a room which could be maintained at a constant temperature 
” and the following records were obtained : 
: TABLE I, 
e The Effect of Water Vapour on the Speed of Uniform Movement of 
r, Flame in Mixtures of Carbon Monoxide and Air. 
l. Carbon monoxide 45 per cent. Carbon monoxide 40 per cent. 
d Water : lata ; Water 
8 vapour per Speed in vapour per Speed in 
Temp. of cent. by cm. per Temp. of cent. by cm. per 
saturation. volume. second. saturation. volume. second, 
. e 0-70 555 4° 0-80 56-0 
13 1-45 76-0 12 1-35 68-2 
| 27 3-50 105-6 20 2-30 85-7 
34 5-20 120-0 27 3-50 95-9 
42 8-00 118-0 34 5-20 107-4 
39 6-85 106-5 
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If these results are plotted as speed—percentage graphs, it will be 
seen that the effect of water vapour on the speed of the flame tends 
towards a maximum when about 6°0 per cent. is present. The 
highest value recorded for the speed of flame in the mixture con. 
taining 45 per cent. of carbon monoxide (which is a “ maximum-speed 
mixture ’’) * was 120 cm. per second, which agrees closely with the 
calculated value for the effective speed, namely 125 cm. per second. 

We have suggested that this “ effective ” speed of propagation 
of flame in mixtures of carbon monoxide and air is also obtained 
when more than a certain proportion of hydrogen is present; the 
question arises as to the least proportion of hydrogen necessary. 
We have attempted to determine this by measuring the speed of 
uniform movement of flame in mixtures of carbon monoxide and 
air containing a small proportion of hydrogen, with and without 
water vapour. ; 

In the first series of experiments, the mixtures contained varying 
proportions of water vapour, obtained by saturation at different 
room-temperatures, and a rough approximation can be obtained 
from them to the minimum proportion of hydrogen that is 
equivalent in its effects (on the speed of uniform movement of 
flame in mixtures of carbon monoxide and air) to water vapour. 
The experiments were made in a glass tube 2°5 cm. in diameter 
and 4 m. long. 

TABLE II. 


The Effect of Hydrogen and of Water Vapour on the Speed of Uniform 
Movement of Flame in Mixtures of Carbon Monoxide and Air. 


Speed of 

Carbon Water flame in 

Experi- Temper- monoxide Hydrogen vapour em. per 

ment No. per cent. per cent. per cent. second. 
j 39-25 0-90 75:5 
38-00 . 3-70 103-5 
39-70 . 0-80 103-5 
46-15 . 0-90 152-0 
47-30 . 1-20 150-0 
46-00 . 3°95 167-0 
47-30 . 2-30 144-0 
37-45 . 0-85 170-0 
43-75 “6 0-90 170-5 
42-20 . 4-40 156-0 
40-80 j 0-90 160-5 
39-60 “ 3°50 158-0 


Considering first the mixtures of which the carbon monoxide 
content was about 40 per cent., and comparing the results obtained 


Scent AoOrtwhsoe 


* The phrase “‘maximum-speed mixture” is used to describe shortly a 
mixture of inflammable gas and air (or oxygen) in which the proportions of 
inflammable gas are such that the speed of uniform movement of flame in 
the mixture, under given experimental conditions, is the fastest obtainable. 
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with those recorded in Table I, it becomes apparent that more than 
190 per cent. of hydrogen is required to procure the “ effective 
speed”? of uniform movement of flame in these mixtures; whilst 
with the mixtures containing about 45 per cent. of carbon monoxide, 
ij appears that less than 3°85 per cent. of hydrogen suffices. We 
will take between 1:90 and 3°85 per cent. as our first approximation 
to the quantity of hydrogen necessary (as an alternative to water 
vapour) to develop the effective speed of flame in mixtures of carbon 
monoxide and air. 


ned 

the It was considered that a definite result should be obtainable more 
ry, if readily by the use of well-dried mixtures, provided that no attempt 
lof @ was made to secure such extreme dryness (of apparatus and con- 


tents) as is obtained by their prolonged exposure to the action of 
phosphoric oxide. That is to say, the presence of a trace of water 
vapour would be presumed, and slight variations in the amount 
assumed to be immaterial. 

This series of experiments, with well-dried mixtures of carbon 
monoxide, hydrogen, and air, was based on the fact that when 


ed 

is two “ maximum-speed ”’ mixtures are mixed, in any proportions, 

of a “maximum-speed ” mixture results and the speed of flame in it 

Ir. can be calculated (see T., 1919, 115, 1452). With carbon monoxide 

er and air, the range of mixtures in which the speed of uniform move- 
ment of flame, under given experimental conditions, is fastest 
contains between 45 and 50 per cent. of carbon monoxide; and 

= with hydrogen and air the range lies between 35 and 40 per cent. of 


hydrogen. The two mixtures chosen for these experiments con- 
tained, respectively, 47°70 per cent. of carbon monoxide and 37:95 
per cent. of hydrogen. If these are mixed together in different 
proportions, so that the resulting complex mixture contains 2:0, 
25, 3°0, and so on, per cent. of hydrogen, it should be possible to 
determine, within narrow limits, what percentage of hydrogen, 
independently of water vapour, is required to cause the flame in a 
mixture of carbon monoxide and air to assume its “ effective ” 
speed; for until the requisite quantity of hydrogen is present the 
observed speed of flame in the complex mixture will be less than 
that calculated, since the effective speed of flame in the mixture of 
carbon monoxide and air is used in the calculation. 

The experimental mixtures, prepared by blending the maximum- 
speed mixtures, were stored in glass gas-holders over dilute potassium 
hydroxide solution, and were passed slowly through a series of 
drying-tubes, containing calcium chloride, and Winkler worms, 
containing concentrated sulphuric acid, into the glass explosion- 
tube (2°5 cm. in diameter and 4 m. long), which was dried before 


each experiment by washing with pure alcohol and ether and 
uu*2 
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heating in a current of dried air. At the outset of the series of 
experiments, when the mixtures used contained less than 3:0 per 
cent. of hydrogen, the speed of flame in a mixture of given composi- 
tion was not constant, and it became apparent that but slight 
variation in the magnitude of the “ trace ” of water vapour present 
affected the results. For example, with a mixture containing 
carbon monoxide 44:20 and hydrogen 2°30 per cent., the following 
results were obtained for the speed of uniform movement of flame, 
as measured by the fusion of screen-wires (T., 1914, 105, 2610): 
93°9, 101°9, 105-9, 97°8, 109°1, 112°2, and 119°2 cm. per second. 
Prolonged drying of this mixture rendered it incapable of being 
ignited by the means normally employed in the experiments. 

Evidence having been obtained that the speed of the flame was 
not always strictly uniform—it appeared sometimes to increase as 
the flame travelled from the open to the closed end of the tube— 
recourse was made to the photographic method of registration of 
speed (T., 1919, 115, 579), using a tube of “ Uviol ” glass, and a 
quartz lens. It then became clear that, unless the proportion of 
hydrogen present exceeded 3-0 per cent., there was, instead of a 
uniform speed, an acceleration of speed as the flame travelled away 
from the point of ignition (see Fig. 1). Considerable care was 
taken during these later experiments of the series to secure the 
same degree of dryness of the mixtures, and it was observed that 
any deviation from the usual procedure that would tend to increase 
the efficiency of removal of moisture rendered the mixtures incapable 
of propagating flame; the flame would burn during a few seconds at 
the mouth of the tube, owing no doubt to the mingling of moist air 
with the mixture, but would not travel along it. Moreover, with 
the normal conditions of drying used in these experiments, flame 
would not propagate if less than 2°0 per cent. of hydrogen were 
present, whereas with a slight increase in the amount of moisture 
flame travelled readily in such a mixture. 

Apparently, then, moisture is more effective than hydrogen in 
promoting the combustion of carbon monoxide. 

The results obtained for the speeds of flames in the blended 
maximum-speed mixtures of carbon monoxide and air and hydrogen 
and air, dried by exposure to calcium chloride and sulphuric acid, are 
shown in Table ITI. 

From these results it is evident that the presence of 2°95 per cent. 
of hydrogen is nearly, if not quite, sufficient to enable the uniform 
movement of flame in a mixture of carbon monoxide and air to 
acquire its “effective ” speed, whereas less than that quantity is 
insufficient. 

This minimum quantity of hydrogen, which can be stated to be, 
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TABLE III. 
Speed of uniform movement 
Carbon mon- Hydrogen of flame in cm. per second. 
oxide per cent. per cent. Observed. Calculated. 
34-75 9-40 213 202 
40-55 5-85 171 170 
43-30 3°70 156 156 
43-80 2-95 146 147 
43-40 2-45 130 144 
43-65 2-25 123 142 
inround numbers, 3 per cent., should be compared with the optimum 
quantity of water vapour required to enable the uniform movement 
of flame in mixtures of carbon monoxide and air to assume its 
maximum speed, namely, about 6 per cent. Whence it would 
appear that, whereas a trace of water vapour is more effective than 
a trace of hydrogen in enabling propagation of flame to take place 
in dried mixtures of carbon monoxide and air, twice as much of it 


js required to give to that propagation its complete freedom, 


Inflammation in a Closed Vessel. 


The “law of speeds”? can be shown to apply to conditions of 
propagation of flame other than the “uniform movement,”’ pro- 
vided that the conditions of experiment are constant. For 
example, the speeds of flame in complex gaseous mixtures enclosed 
ina spherical vessel obey the law closely. 

A series of experiments with mixtures of carbon monoxide, 
hydrogen, and air illustrative of this may be recorded here, since 
they also serve to emphasise the necessity, when attempting to 
interpret the results, for deducing the “ effective ’’ speed of flame 
in mixtures of carbon monoxide and air when that gas is a con- 
stituent of a complex gaseous mixture. 

For these experiments a spherical explosion vessel of brass, of 
4 litres capacity, was used, and a spark-gap, 1 cm. long, at which 
ignition of the mixtures was effected by a secondary discharge 
from an induction-coil, was formed between pointed electrodes at 
the centre of the sphere. Measurements of the pressure produced 
on inflammation of the mixtures, and the rate of development of 
that pressure, were recorded by means of a Petavel gauge with 
photographic registration, specially designed to enable the com- 
paratively low pressures developed (6 or 7 atmospheres) to be 
recorded accurately; and the time of passage of the secondary 
discharge that caused ignition was recorded on the same photo- 
graphic film, together with the record of a tuning-fork having 50 
vibrations per second. 

It has been shown (T., 1918, 113, 851) that the time taken for 
the pressure within a spherical vessel to attain its maximum 


PAYMAN AND WHEELER: THE COMBUSTION OF 


(ignition of the mixtures being at the centre), measured from the 
time of passage of the electric spark that causes ignition, coincides 
with the time taken for flame to reach the boundary of the vessel; 
except with very slowly moving flames. In the discussion of the 
results that follows, therefore, the time of attainment of maximum 
pressure is taken to be synonymous with the time of passage of 
flame from the centre to the sides of the vessel, a distance of 9°85 
em.; whence caiculation can be made of the mean speeds of the 
flames. 

The series of experiments was carried out with mixtures, in 
different proportions, of air with carbon monoxide, hydrogen, and 
complex mixtures corresponding with 3CO +- H,, CO -+- H,, and 
CO + 3H,. The initial temperature and pressure of each mixture 
were atmospheric and each was saturated with water vapour at 
room temperature (15°). A discussion of all the results obtained, 
both as regards pressures developed and speeds of flame, will 
form the subject of another communication; we are here concerned 
only with the speeds of the flames in the ‘ maximum-speed ” 
mixtures. These are recorded in Table IV. 


TABLE IV. 


Mean Speeds of Flames in Maximum-speed Mixtures in a 
Closed Vessel. 


Time, in seconds, between ; 
ignition and attainment of | Mean speed of flame in 
Combustible maximum pressure. em. per second. 


gas. Observed. Calculated. Observed. Calculated. 


Carbon monoxide 0-0670 * — 146 f — 
3CO + H, 0-0290 0-0282 340 345 
CO + H, 0-0230 0-0230 428 428 
CO + 3H, 0:0190 0-0194 518 511 
Hydrogen 0-0168 = 595 — 


* The calculated “ effective ” time is 0-038 sec. 
+ The calculated ‘“‘ effective ’” speed is 261 cm. per sec. 

The agreement between the calculated and the observed values 
is exceedingly close, showing that the law of speeds holds equally 
well for propagation of flame within a closed sphere as it does for 
the “ uniform movement.” 

Further information is obtainable respecting the applicability of 
the law of speeds from the work of Bone and Haward (Proc. Roy. 
Soc., 1921, 100, 67) on the combustion of mixtures of hydrogen, 
carbon monoxide, and air at high initial pressures. There is recorded 
in their paper, for a number of mixtures, the time taken for the 
attainment of maximum pressure; we have used these results for 
our calculations, which are given in Table V. From the results 
recorded for the two mixtures 2H, + O, +4N, and 1/12H, + 
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effective time’’ for the mixture 


93/12CO + 0, + 4N, the: “ 


. the 900 + O, + 4N, is found to be 0:038 sec. 

cides . 7 

esse_l ; TABLE V. 

dhe Gaseous Combustion at High Pressures (Bone and Haward). 
Observed. Calculated. 


ve 0 
“9: ‘ Reciprocal of Reciprocal of 
85 time. Relative time. Relative 
f the Time speeds of Time _ speeds of 
Mixture. in sec flames. in sec. flames. 
(1) 2H, +-O2+4N, 0-005 200 * am 
3, In (2) H,+CO +- 0,+4N, 0-015 66-6 0-009 111-1 
and (3) 3H, +3/2CO+0, +4N, 0-015 66-6 0-014 71-4 
iH,+-7/4CO- +0.+4N, 0-025 40 0-021 47-6 
and (5) 4H, +11/6CO+0,-+4N, 0-025 to 0-030 40 to 33:3 0-025 40) 
‘ture (6) TH? 1. 93/1900 | O,+4N, 0-030 33:3 0-030 33-3 
rat @ (7) 2CO+0,+4N, 0-180 5-6 : i 
ned, We consider that our results are best explained by the hypothesis 
will advanced by Dixon before the British Association in 1880 to account 
ned for the fact that a mixture of carefully dried carbonic oxide and 
ad” oxygen would not explode when electric sparks were passed through 


it, but that on the addition of a minute trace of water, or volatile 
substance containing hydrogen, the mixture became inflammable ; 
the hypothesis being that the steam acts the part of a “ carrier 
of oxygen” by undergoing reductions and successive reformations. 

There seems little doubt but that the considerations we have 
advanced regarding the “ effective speed ’ of combustion of carbon 


n monoxide, which is obtained when more than a certain small pro- 
4. portion of hydrogen or of water vapour is present, are applicable 
also to the propagation of flame by the detonation-wave. Professor 
Dixon informs us that the speed of the detonation-wave in mixtures 
of carbon monoxide, hydrogen, and oxygen is such that by extra- 
polation the value for the “ effective ’’ speed in the mixture 2CO +0, 
is 1740 m. per second; which is the same (1738 m. per second) as 
the speed he obtained when the mixture 2CO + O, was saturated 
1es with water vapour at 35°, the proportion of water vapour then 
lly present being that which had the optimum effect on the speed of 
™ the detonation-wave in that mixture. In this connexion it is of 
interest to recall the experiments of Berthelot (Ann. Chim. Phys., 
of 1881, [v], 28, 289), whereby he showed that the measured rate of 
y. the detonation-wave in mixtures of carbon monoxide and oxygen 
n, alone was about half its theoretical value, whereas when hydrogen 
d was present in the mixture the calculated values were in good 
e agreement with those found. 
wr DEPARTMENT OF FUEL TECHNOLOGY, 
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CXLVI.—The Influence of Nitro-groups on the Reactivity 
of Substituents in the Benzene Nucleus. Part VII, 
Reactions of 2:5- and 4: 5-Dinitro-m-aylenes. 

By KatHLeEN IppotTson and JAMES KENNER. 


Any measure of success which has attended the investigations 
described in this series of papers must be attributed to the adoption 
at the outset of Fliirscheim’s theory of alternate weak and strong 
linkages in carbon chains as a basis of explanation. Conversely, it 
may be claimed that this or any other theory which suggests the 
existence of such an alternating condition in carbon chains is 
supported by the results in question. As, however, there is a 
variety of such theories at the present time, some comparative 
discussion of them in relation to the mobility of substituents in the 
benzene nucleus seems desirable. 

The newer electrical theories agree in attributing the alternating 
effect to successive variations in polarity of the chain of atoms 
composing the molecule, but differ in what may at first seem a 
relatively unimportant point. Thus, according to Fry (‘The 
Electronic Conception of Valence,’ London, 1921), alternation of 
polarity characterises the molecule at all times, whilst Lapworth 
(Mem. Manchester Phil. Soc., 1919, 64, iii, 1; T., 1922, 121, 416) 
and Kermack and Robinson (T., 1922, 121, 427) assume polarity 
to be developed only when the molecule is in the activated or 
constrained condition in which it takes part in chemical reactions. 
Both Lapworth and Robinson have indicated in general terms their 
dissent from Fry’s attitude, but have refrained from any more 
specific discussion. Since it is with the behaviour of the reacting 
molecule that chemists are concerned, it might be suggested that a 
differentiation between the two views is at least immaterial, if not 
impossible. In our view, this is not so. 

Fry’s fundamental assumption that two atoms in combination 
must have opposite electrical charges is negatived by the conception 
of the sharing of electrons, introduced by Stark (Jahrbuch Radio- 
aktivitat Elektronik, 1908, 5, 124), and applied by him to all com- 
pounds, whether exhibiting electro- or co-valence, as they are 
termed by Langmuir. According to Langmuir, again, the sharing 
of electrons (covalence) is the usual mode of combination of the 
atoms in organic compounds. On the other hand, since Kossel’s 
views (Ann. Physik, 1916, 49, 229) accord with the assumptions 
made by Fry, the latter’s view cannot be dismissed solely on the 
ground indicated. But its practical value is greatly diminished, if 


GROU. 


not el 
tauto 


Since 
beha’ 
respe 
predi 
the ] 
distri 
comy 


GROUPS ON REACTIVITY OF SUBSTITUENTS, ETC. PART Vi. 1261 


not entirely removed, by its admission of the possibility of electronic 
tautomerism : 

+ - —- + 

X.Y=— X.Y 
Since Fry, in common with Lapworth and Robinson, associates the 
behaviour of certain groups with their polarity, uncertainty in this 
respect must render it impossible to use the theory as a means of 
predicting the behaviour of a given compound. Granting, however, 
the possibility of such tautomerism in certain compounds, similar 


distributions of polarity would at least be expected in closely related 
compounds, such as, for example, 3 : 4- and 2 : 3-dinitrotoluenes. 


-CH T+ - 


| + 
NO 
\/* any 
+ 
\ANO, 


According to Fry’s view, the mobility of substituents in the ortho- 
or para-position to a nitro-group in the benzene nucleus is due to 
the positive character of the nitro-group. The reactivity of the 
3nitro-group in 3: 4-dinitrotoluene would therefore indicate that 
the 4-nitro-group is positive, as shown in I. It would therefore be 
anticipated that a similar distribution of polarity would occur in 
2:3-dinitrotoluene, as in (II), resulting again in the mobility of the 
snitro-group. This, however, is not the case, so that Fry’s theory 
is inadequate in this case. On the other hand, Stieglitz (J. Amer. 
Chem. Soc., 1921, 44, 1293) has urged very strongly the advantage 
of the polar over the non-polar (electron-sharing) conception of 
valency in interpreting the reactions of organic compounds. At 
the same time, however, he has pointed out that this view can be 
reconciled with the non-polar conception, if it be assumed that 
reacting molecules exhibit polar, whilst the normal molecules exhibit 
non-polar, valency. As already indicated, this is the view inde- 
pendently adopted by Lapworth and Robinson. According to it, 
the distribution of polarity depends on the particular “‘ key-atom ”’ 
which is constrained or activated, and so permits the above dilemma 
to be successfully overcome. Thus, ‘non-ionic association with 
other uncharged molecules’ is among the possible causes of con- 
straint enumerated by Lapworth (loc. cit., p. 426), and corresponds 
precisely with the preliminary compound formation upon which 
one of us has based his conception of the mode of displacement of 
mobile substituents from the benzene nucleus. In fact, the views 
referred to constitute a particular case of the application of the 
theory of induced alternate polarity. This will be the more apparent 
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when the similarity is observed between the scheme by which 
Lapworth (loc. cit., p. 416) represents the change ensuing upon a 
constraint such that the bond between Ay and A, is decreased by 
the passing of partial valency to the exterior of the system, 
| if 
As Ao —- Ax Ao 
Na—A ms “NS A= A,” 


and that employed in the first paper of this series (T., 1914, 105, 
2722) to portray the first effect of the addition of an amine to an 
aromatic nitro-compound (compare also Borsche, Annalen, 191], 
386, 356) : 
awe 
(Spx<h 


| HN 
ime? — 
a, 


ey \7 
This comparison also illustrates the close relationship between 
Fliirscheim’s and the newer theory. Lapworth’s scheme is readily 
seen to contain an alternation of weak and strong linkages, as 
postulated by Fliirscheim, but differently distributed and in the 
reacting rather than in the normal molecule, to which Fliirscheim 
applied his conception. Apart from this distinction, it would seem 


that the newer theory in such of its applications as are analogous 
to those considered above rather includes than supersedes that of 
Fliirscheim. It may be said that each of them leads to the same 
conclusion in regard to atoms or groups which, according to the 
former, develop negative polarity, but Fliirscheim’s theory does 
not enable the reversal to be foreseen which occurs in the order of 
reactivity of, for example, the isomeric methoxybenzyl bromides 
when sodium hydroxide is replaced by hydrogen iodide as the 
reagent employed (Lapworth and Shoesmith, T., 1922, 121, 1391). 

But it will be apparent that the general application of the theory 
of induced alternate polarity is dependent on a correct choice of 
the key-atom, and this is not, subject to a reservation which will 
be indicated, dealt with by the theory as up to the present enun- 
ciated. Not only, however, has a particular aspect of the theory 
of induced alternate polarity been employed throughout this series 
of papers, but the principles for determining what is now termed 
the “‘ key-atom” in the type of reaction immediately concerned 
have been pointed out. Further, these have been vindicated by 
the experimental evidence subsequently accumulated by Holleman 
and his collaborators (Rec. trav. chim., 1915, 34, 1; 1920, 39, 435, 
480, 736; 1921, 40, 67, 451), and also by the observations of Morgan 
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and his co-workers (T., 1920, 117, 784; 1921, 119, 187, 1538). 
Thus, the cases * of 2:3-dinitrotoluene (K), 2 :3-dinitrochloro- 
benzene (H), 2: 5-dinitro-1: 3-dichlorobenzene (H), 3 : 4-dinitro- 
1: 2-dichlorobenzene (H), 4 : 5-dinitro-1 : 2 : 3-trichlorobenzene (H), 
3: 6-dinitro-1 : 2: 4-trichlorobenzene (H), 2: 3-dinitroanisole (B), 
5: 6-dinitro-o-chlorotoluene (M), all illustrate the principle that it 
is the sterically freer of two nitro-groups which takes part in the 
necessary preliminary compound formation through one of its oxygen 
atoms, so that this is the key-atom. Another aspect of this con- 
sideration is exemplified by the greater reactivity of 4 :6- than of 
2:4-m-dinitrobenzene. In the former case, both nitro-groups, but 
in the latter, only one is available for the preliminary compound 
formation. 

When various nitro-groups are equally or approximately equally 
situated in respect of steric conditions, the mobile substituent is 
that favoured by the directive influence of the majority of the 
substituents. This directive factor is exactly expressed in terms of 
polarity as the “tendency to certain molecular distributions of 
affinity ’’ (Lapworth, loc. cit., p. 426; Kermack and Robinson, loc. 
cit., p. 432), and is well illustrated by the case of 3 : 4 : 6-trichloro- 
1: 2-dinitrobenzene previously discussed (Burton and Kenner, T., 
1922, 121, 489). In such a case, an oxygen atom of one of the 
immobile nitro-groups is the key-atom. 

Of the two factors above considered, it will be clear from the 
examples quoted that the first is the more powerful. Nevertheless, 
it might be expected that a sufficient accumulation of substituents 
would enable the directive to overpower the steric factor. This is 
actually observed in the case of 2:4: 5-trinitro-m-xylene (V) 
(Blanksma, Rec. trav. chim., 1906, 25, 168), in which all the sub- 
stituents favour the mobility of the 5-nitro-group, but the steric 
considerations would suggest that the 2- or 4-nitro-group would 
suffer replacement. It was therefore desirable to examine the 
behaviour of 2: 5-dinitro-m-xylene (VI) towards methyl-alcoholic 
ammonia, since in this case the directive influence of the 4-nitro-group 
would be lacking, and it might be anticipated that the steric factor 
would again be in the ascendant. 
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* The mobile atoms are printed in thick type. The letters in brackets 
indicate the workers who examined the compound. B= Bantlin, Ber., 
1878, 11, 2099; H = Holleman; K = Kenner and Parkin; M= Morgan. 
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The preparation of 2 : 5-dinitro-m-xylene described by Blanksma 
(loc. cit.) proved to be laborious. Partial reduction of 2: 4 : 6-tri. 
nitro-m-xylene to 2: 4-dinitro-6-amino-m-xylene, followed by the 
elimination of the amino-group, seemed a more promising mode of 
obtaining 2 : 4-dinitro-m-xylene, to which Blanksma’s procedure of 
reduction, followed by acetylation and nitration, could then be 
applied. Moderate yields of the desired dinitroxylidine were in 
fact obtained, although the properties of the base and of its benzoyl 
derivative differed from those attributed to it by Maltese (Gazzetta, 
1909, 39, i, 517), who claimed to have prepared it from 2-nitro. 
benzo-4-m-xylide by nitration. Since, however, our product was 
converted by diazotisation and treatment with alcohol into 2 : 4-di- 
nitro-m-xylene, there seems little doubt that Maltese was mistaken 
in the constitution he assigned to his compounds. Another source 
of 2-nitro-4-m-xylidine was opened up by the discovery of Pearman 
(T., 1921, 119, 717) that Noelting and Collin (Ber., 1884, 17, 265) 
had overlooked the formation of this base with its 6-nitro-isomeride 
during the nitration of 4-m-xylidine in presence of sulphuric acid. 
We are able to confirm this statement, although it should be noticed 
that, as Mr. Pearman himself informed us, the figures quoted by 
him as to the proportion of the 2-nitro-derivative produced only 
refer to incompletely purified material. 

As a further preliminary to the investigation of the action of 
ammonia on 2: 5-dinitro-m-xylene, the previous preparation of at 
least one of the two possible, but previously unknown, products 
was desirable. This was achieved by the fortunate observation, 
prior to the publication of Pearman’s work, that Noelting and 
Forel (Ber., 1885, 18, 2679) were mistaken in stating that the sole 
product of the nitration of 5-m-xylidine is 4-nitro-5-m-xylidine, 
m. p. 54°. In our experiments, this was accompanied by a con- 
siderable proportion of a less soluble isomeride, m. p. 132°, which 
could scarcely be other than 2-nitro-5-m-xylidine, an inference 
confirmed by reduction of the new base to the known 2 : 5-diamino- 
m-xylene (Noelting and Thesmar, Ber., 1902, 35, 640) : 
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The action of methyl-alcoholic ammonia on 2 : 5-dinitro-m-xylene 
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took place extremely slowly, even at 200°, and the only basic product 
isolated melted at 158°. Itis therefore clear from the foregoing that 
its constitution must be that of a 5-nitro-2-m-xylidine, and that in 
this case the steric factor outweighs the opposing directive factor, 
whilst the reverse is true in the case of 2 : 4 : 5-trinitro-m-xylene. 

Similarly, although, as the foregoing discussion would indicate, 
the directive factor determines the behaviour of 4 : 5 : 6-trinitro-m- 
xylene (VII) (Blanksma, loc. cit.), it is now shown that in 4: 5-di- 
nitro-m-xylene (VIII) this is not sufficiently powerful to overcome 
the steric influences, so that in the main the 4-nitro-group is displaced 
by means of ammonia, although some 4-nitro-5-m-xylidine is formed 
at the same time. 


It has previously been remarked that the dinitrotoluenes are less 
reactive than the chlorodinitrobenzenes towards ammonia, and it is 
now found that the dinitroxylenes are still less reactive than the 
dinitrotoluenes, owing to the diminished general negative character 
of the molecule (compare, inter alios, Kenner, T., 1914, 105, 2728; 


Kermack and Robinson, loc. cit., p. 430). 

This influence of the general character of the molecule on its 
reactivity renders caution necessary in comparing compounds which 
are not isomeric, but the very much greater mobility of the chlorine 
atoms in 2 : 4-dichloronitrobenzene than in 1 : 3 : 5-trichlorobenzene 
(compare Holleman, loc. cit., 1920, 39, 736) may probably safely 
be considered to illustrate the greater efficacy of “non-ionic 
association with other uncharged molecules’ than of “ absorption 
of thermal energy ” (Lapworth, loc. cit.) as a mode of activating 
the molecule. For only the nitro-derivative readily forms a 
molecular compound with the reagent. 

The various considerations advanced above also permit a correct 
prognostication as to which are the most and least reactive members 
of each series of isomerides examined by Holleman and his 
collaborators. In the simpler cases, this may also be claimed in 
regard to the intermediate members of each series (compare Kenner 
and Parkin, loc. cit.), but it is not surprising that with the more 
highly substituted compounds it is difficult correctly to evaluate 
the relative effects of the various influences which operate. Further, 
it appears to be too often overlooked that comparisons of different 
compounds by means of experiments on their velocities of reaction 
are only strictly legitimate when the determinations are performed 
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under “ corresponding ” conditions—using the term with the con- 
notation attributed to it in the Law of Corresponding States. For 
this reason, it seems probable that while any expected considerable 
differences will be reflected by such measurements, finer variations 
will not be correctly reproduced. It is possibly for this reason that 
2:3: 5-trichloronitrobenzene is unexpectedly somewhat less reactive 
than the 2:3: 4-isomeride, although the 2: 4: 6-derivative, as 
would be anticipated, reacts considerably more readily than 
2:4: 5-trichloronitrobenzene. When a comparison is attempted 
of one derivative with another derived from it by substitution, not 
only is the effect of non-correspondence between them likely to be 
more accentuated, but still further complications are involved in 
regard to the general character of the molecule. Again, it seems 
at least doubtful whether it can justifiably be assumed that the 
substituents common to two compounds make exactly the same 
contribution to the respective properties of each. For these reasons, 
it would seem that no very definite conclusion is likely to follow 
from a study of the ratios of reaction velocities of various compounds, 
and it is not surprising that the values calculated by Holleman to 
represent the effect of subjecting the molecules of various compounds 
to the same modification by substitution show considerable 
variations. 


EXPERIMENTAL. 


Nitration of s-m-Xylidine. 

A solution of the base (5°5 grams) in sulphuric acid (55 grams) 
was nitrated at 0° by gradual addition of a mixture of nitric acid 
(2°88 grams; d 1:4) and sulphuric acid (5°77 grams). After two 
hours, the mixture was poured into water and left for twelve hours. 
The solution, after removal of oily matter (0°5 gram), was neutralised 
with ammonia solution. The precipitate immediately formed 
(2 grams) was separated by fractional crystallisation from benzene 
and light petroleum (b. p. 70—80°) into a less soluble portion 
(1:2 grams), m. p. 129—132°, a more soluble portion (0°5 gram), 
m. p. 56°, and an oily mixture of the two. A further quantity of 
nitro-base (2°3 grams) separated from the neutralised aqueous solution 
of the two, and was found to be a mixture from which the two 
bases just referred to could only be separated with much difficulty. 

The base, m. p. 56°, was characterised as 4-nitro-s-m-xylidine 
(Noelting and Forel, loc. cit., quote 54° as the melting point), by 
the preparation of its acetyl derivative, m. p. 114° (Found: N= 
13°46. OC, 9H,,0,N, requires N = 13°46 per cent.). 

The less soluble product, finally obtained in the form of orange, 
rectangular, prismatic crystals, m. p. 132°, was isomeric with the 
4-nitro-derivative (Found: N = 16°88. C,H,,0,N, requires N = 
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1687 per cent.), and therefore was 2-nitro-s-m-xylidine. Its acetyl 
derivative separated from dilute alcohol in prisms, m. p. 163° 
(Found: N= 14:11. C,9H,,0,N, requires N = 13°46 per cent.). 
With the object of finding further evidence as to the constitution 
of the base, it was reduced in boiling glacial acetic acid solution by 
the addition of excess of stannous chloride, dissolved in hydrochloric 
acid. The product, isolated in the usual manner, was identified as 
2; 5-diamino-m-xylene by its melting point, 101°, and its colour 
reactions with ferric chloride and with potassium dichromate 
(compare Noelting and Thesmar, loc. cit.). 


2 : 4-Dinitro-6-amino-m-xylene. 

The partial reduction of 2 : 4 : 6-trinitro-m-xylene with ammonium 
sulphide has been previously studied by Miolati and Lotti (Gazzetta, 
1897, 27, i, 296), but the object of these investigators was rather 
the preparation of 2-nitro-4 : 6-diamino-m-xylene than of 2 : 4-di- 
nitro-6-amino-m-xylene. The procedure adopted in the present 
experiments was based on that applied by Holleman and Béeseken 
(Rec. trav. chim., 1897, 16, 425) ¢0 2 : 4 : 6-trinitrotoluene. 

A well-stirred suspension of finely ground trinitro-m-xylene 
(10 grams) in alcohol (20 c.c.) was gradually treated at the ordinary 
temperature with a fresh solution of ammonium sulphide (14 c.c.), 
prepared by saturating ammonia solution (20 per cent.) with 
hydrogen sulphide. The product was evaporated to dryness and 
twice extracted with boiling dilute hydrochloric acid (500 c.c.; 
d1055). The acid extract on neutralisation with ammonia solution 
deposited the base (3 grams in the most favourable cases) in a 
condition sufficiently pure for the preparation of 2 : 4-dinitro-m- 
xylene. By crystallisation from dilute acetic acid, it was obtained 
inamber-coloured, elongated, rectangular prisms, m. p. 193° (Found : 
N= 203. C,H,0,N, requires N = 19-9 per cent.). 

The acetyl derivative, prepared by the action of acetic anhydride 
on the base in the presence of a few drops of sulphuric acid, formed 
transparent, lozenge-shaped crystals, m. p. 176° (Found: N= 
1688. C,9H,,0;N, requires N = 16°6 per cent.). 

The benzoyl derivative was readily obtained by the action of 
benzoyl chloride on the base in the presence of pyridine, and formed 
colourless, prismatic needles, m. p. 218° (Found: N = 13°47. 
C,;H,,0;N3 requires N = 13°33 per cent.). 

Diazotisation of the base in sulphuric acid solution and subsequent 
treatment with absolute alcohol gave rise to 2 : 4-dinitro-m-xylene, 
m. p. 82°, and thus established its constitution. 1t would therefore 
seem that the statement of Maltese (loc. cit.), according to which 
the base melts at 145° and its benzoyl derivative at 244°, is erroneous. 
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Action of Ammonia on 2: 5-Dinitro-m-zxylene. 


2 : 5-Dinitro-m-xylene was prepared according to the directions 
of Blanksma (loc. cit.) from 2-nitro-4-m-xylidine, the preparation of 
which base has been discussed in the theoretical part of this paper, 

In the initial experiment, the dinitro-derivative (1 gram) was 
heated with a mixture of ammonia solution (23 c.c.; d 0°880) and 
methyl alcohol (14 c.c.) for twenty-eight hours at 160—210”, 
Methyl alcohol was removed from the resulting solution by distil. 
lation, and the residue extracted with hot concentrated hydrochloric 
acid. Seventy per cent. of slightly impure, unchanged dinitro. 
derivative remained undissolved. The quantity of base precipitated 
by ammonia from the acid extract sufficed for its crystallisation 
from a mixture of benzene and light petroleum, but not for analysis, 
Another experiment was therefore performed in which the dinitro- 
derivative (0°75 gram) was heated with methyl-alcoholic ammonia 
at 200° for thirty-two hours, until no very noticeable further 
deepening in colour of the solution occurred. Unchanged material 
(0°33 gram) was, however, again recovered, the quantity of basic 
product obtained being 0°26 grath. By crystallisation, this was 
obtained in orange-yellow needles, m. p. 158°. The base depressed 
the melting point of, but was isomeric with, 2-nitro-s-m-xylidine 
(Found: N = 17:21. C,H, 0,N, requires N = 16°87 per cent.), 
and therefore was 5-nitro-2-m-xylidine. Its acetyl derivative melted 
at 178°. 

Action of Ammonia on 4: 5-Dinitro-m-xylene. 


4: 5-Dinitro-m-xylene (3°92 grams) was heated with ammonia 
solution (5 ¢.c.; d 0°880) and methyl alcohol (27 c.c.) for fourteen 
hours at 160°. After removal of the methyl alcohol by distillation, 
the basic residue was purified by crystallisation from light petroleum, 
and obtained in red plates, m. p. 67—68°, which were identified as 
5-nitro-4-m-xylidine by direct comparison. The impure base in 
the mother-liquors was then acetylated. After treatment with 
steam to remove a small amount of unchanged dinitro-m-xylene, 
the acetyl derivative melted at 171°, and was identified as 5-nitro- 
4-aceto-m-xylide. By concentration of the aqueous liquors, a small 
quantity of material was obtained, m. p., after recrystallisation, 
105°. This consisted chiefly of 4-nitro-5-aceto-m-xylide, since its 
mixture with this compound melted at 105—106°. 


The authors wish to take the opportunity of thanking Messrs. 
J. W. Leitch & Co., Ltd., and Mr. 8. Pearman for the supply of 
some of the materials used in this investigation. 
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GIBSON : NiITRO-DERIVATIVES OF M-CRESOL. 


CXLVII.—WNitro-derivatives of m-Cresol. 
By GrorGEe PHILIP GIBSON. 


In carrying out certain other investigations, a considerable quantity 
of 2-nitro-m-cresol was required. ‘This compound is not described 
in the literature, but Khotinsky and Jacopson-Jacopmann (Ber., 
1909, 42, 3097) claim to have prepared a crystalline methyl deriv- 
ative melting at 88°. These authors nitrated m-cresol according 
to Staedel’s directions (Annalen, 1881, 210, 1259; 1883, 217, 5) and 
separated the volatile 2- and 4-nitro-m-cresols by distillation in 
steam. According to Khotinsky and Jacopson-Jacopmann, the 
solid which separated from the cold aqueous distillate was 4-nitro- 
m-cresol,* whilst the aqueous solution contained 2-nitro-m-cresol ; 
the latter, obtained as an oil by extracting with ether, and treated 
with methyl sulphate and alkali, yielded the crystalline methyl 
derivative melting at 88°. 

An examination of Khotinsky and Jacopson-Jacopmann’s method 
showed that, although the yields of 4- and 6-nitro-m-cresols were 
satisfactory, that of the supposed 2-nitro-m-cresol was very small; 
this product, moreover, was found to contain 4-nitro-m-cresol, 
which is slightly soluble in cold water, and up to the present all 
attempts to prepare from it the crystalline methyl derivative of 
melting point 88° have been unsuccessful. 

As 2-nitro-m-cresol could not be prepared by the above process, 
further experiments were made and it was found that good results 
were obtained by a method similar to that used by Kauffmann and de 
Pay (Ber., 1904, 37, 725) for the conversion of resorcinol into 
2-nitroresorcinol. m-Cresol was first sulphonated, the product was 
nitrated, and the resulting nitro-m-cresolsulphonic acids were 
hydrolysed with superheated steam at 160—170°. The yield of 
the yellow oil thus obtained amounted to 80 per cent. of the 
theoretical, and from it crystalline acetyl, benzoyl, and methyl 
derivatives were prepared, accompanied in each case by some oily 
by-product. As the methyl derivative melted at 54°, instead of at 
88° as stated by Khotinsky and Jacopson-Jacopmann, and as the 
methyl derivative of 4-nitro-m-cresol melts at 62° (idem, loc. cit.), 
it was necessary to prepare for direct comparison corresponding 
derivatives of the known nitro-m-cresols (4- and 6-nitro-m-cresols). 
It was thus proved that the nitro-m-cresol obtained as indicated 
above is not identical with either of the known isomerides and is, 
in fact, as will be shown later, 2-nitro-m-cresol. 

* 4-Nitro-m-cresol is described in Stelzner’s ‘“ Literatur-Register der 
organischen Chemie ” (1914—15, p. 440, last entry) as methyl-3-nitro-2-phenol. 


Reference to the original paper shows that the compound is o-nitro-m-kresol, 
which is incorrectly styled by the compiler of the Register. 
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The more important properties of these compounds are given in 
the following table. 


Derivative. 4-Nitro-m-cresol, 6-Nitro-m-cresol, 2-Nitro-m-cresol, 


H, 
& NO,/ i NNO, 
| Jou ) \_ Jon’ 
Z- 
NO, 

Yellow hexagonal Colourless prisms Fern-like rhombic 
plates from from water. M. p. groups of deep 
benzene. M. p. 129°; no smell; yellow _ needles 
56°; smell of non-volatile in from petrol. 
o- nitrophenol; steam. M. p. 41°; smell 
volatile in of o- -nitrophenol ; 
steam. volatile in steam, 

Sodium. Bright red needles, Yellow plates, spar- Crimson, extremely 
sparingly soluble ingly soluble in soluble in cold 
in cold water. cold water. water. 

Acetyl Large, hexagonal Tough masses of Long, thick needles, 
tablets. M. p. needles. M. p. 59°. 
47°. - p. - 

Benzoyl * Rectangular i . Felted mass of ex. 

tremely fine 
M. p. 


Methyl t Rectangular + Fine needles. hexagonal 
prisms or plates. M. p. 53°. Char- ‘ Ds 
M. p. 62°. No acteristic odour. 54°. Smell of 
smell. iodoform. 


* Compare Ber., 1898, 31, 394, 398; 1902, 35, 1259; 1909, 42, 3100. 
+ Compare Annalen, 1904, 380, 99. 

In order to determine the orientation of the groups in these three 
nitro-compounds, the methyl derivative of each was oxidised to the 
corresponding nitromethoxybenzoic acid, the properties of which 
are known (compare Rieche, Ber., 1889, 22, 2352). .The results of 
these experiments showed that the methyl] derivatives of the 4- and 
of the 6-nitro-m-cresol gave the expected acids melting at 208° and 
132°, respectively, and the supposed 2-nitro-m-cresol gave a nitro- 
methoxybenzoic acid, melting at 250° with decomposition, which is in 
all probability identical with the acid [CO,H : NO,: OMe = 1: 2: 3], 
melting at 251° with decomposition, described by Rieche (loc. cit.). 

In order to determine conclusively the structure of the new nitro- 
m-cresol, the compound was transformed into 3-methoxyphthalic 
acid by the following series of bites : 


CH, CH, 
(~~ _. ( NO, _. Nx = 
q ow \_Jome Vv OMe 
CH, CO,H 
‘4 Non ai ( \co, va CO,H 
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The final product melted at 159° and gave an anhydride melting 
at 87°, thus proving its identity with 3-methoxyphthalic acid 
(Jacobson, Ber., 1883, 16, 1965). 

As oily by-products were always obtained in preparing the 
crystalline derivatives from the crude 2-nitro-m-cresol, the presence 
of an isomeric nitro-m-cresol was suspected. In order to clear up 
this matter, the oily residues from the preparation of the methyl 
derivative were oxidised to the corresponding nitromethoxybenzoic 
acids and from the product, which melted indefinitely at 215—245°, 
4-nitro-m-methoxybenzoic acid, m. p. 208°, and 2-nitro-m-methoxy- 
benzoic acid, m. p. 250°, were finally isolated. Therefore 4-nitro-m- 
eresol is the impurity in the crude 2-nitro-m-cresol prepared as 
described above. 

The oily by-product from the benzoylation of crude 2-nitro-m- 
cresol was also examined. On reduction, this oil gave a mixture 
irom which two compounds were finally obtained in the pure state ; 
these compounds melted at 189° and 169°, respectively, and were 
identical with the derivatives prepared from pure 2- and 4-nitro-m- 
tolyl benzoates. It is very interesting to note that these products 
are benzoylated amines, whereas the original nitro-compounds are 
benzoylated phenols: the benzoyl group wanders from the oxygen 
to the nitrogen atom during the reduction : 


CH, CH, OM, » 
AN 


(NNO, (SNH, ne OPI 
10-COPh —* O-COPh —* | wen 
\/ P \4 ’ \Q%_ on 
H 
CH, CH, 
(YN:cPhOH ‘NE-COPh 
OH eis OH 
Ww \Z 
The benzoyl group in o-nitrophenyl benzoate undergoes the same 
migration on reduction, possibly in the manner indicated above 
(Hiibner, Annalen, 1881, 210, 884). This view seems to be confirmed 
by the fact that in the case of 6-nitro-m-tolyl benzoate, where such 
ring formation is not to be expected, the normal reduction product, 
a base, is readily obtained (compare J. Amer. Chem. Soc., 1919, 41, 
2068; 1922, 44, 1792; 1923, 45, 469). 


EXPERIMENTAL. 


Nitration of m-Cresol. 


To a cold solution of m-cresol (21°6 ¢.c.) in fuming sulphuric acid 
(6—7% SO, ; 80 ¢.c.) a mixture of fuming sulphuric acid 
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(6—7% SO,; 21°3 c.c.) and nitric acid (9°3 c.c. of d 1:5) was very 
gradually added. After twenty-four hours, the liquid was diluted 
with water (100 c.c.) and superheated steam passed through the 
heated solution. Below about 145° a little unchanged reso] 
distilled, but above this temperature up to 180° nitrocresol passed 


over, leaving a black tar from which no crystalline compound could | 


be isolated. The distillate, which was a butter-like emulsion, was 
extracted with ether; the extract, on evaporation, gave a yellow 
oil, the weight of which was equal to that of the m-cresol taken. 
2-Nitro-m-cresol— As the crude nitration product did not 
crystallise readily, it was treated with acetic anhydride and a pure 


acetyl derivative isolated; the latter was then hydrolysed with | 
alcoholic sodium hydroxide solution, the alcohol evaporated, and | 
the dark-coloured oil which separated on the addition of acid dis. | 
tilled in steam. The volatile product solidified readily and separated | 


from light petroleum in bright yellow, fern-like, rhombic groups of 
needles melting at 41°. 
With the exception of light petroleum, 2-nitro-m-cresol is readily 


soluble in the ordinary organic solvents and its sodium salt forms 
a deep crimson solution in water (Found: € = 550; H= 4°. 


C,H,O,N requires C = 54:9; H = 4°6 per cent.). 


2-Nitro-m-tolyl Acetate—This derivative was obtained by boiling | 


the crude nitro-compound for two hours with an excess of acetic 


anhydride and fractionating the product under reduced pressure | 


(15 mm.). The main fraction, collected from 160° to 180°, partly | 
solidified, and, when freed from oil with the aid of porous earthen- 
ware, crystallised from alcohol in long, thick, colourless needles | 
melting at 59° (Found: C = 55:5; H = 4°88. C,H,O,N requires | 


C = 55°4; H = 4°61 per cent.). 
4-Nitro-m-tolyl acetate, prepared in a similar manner from the 


4-nitro-compound (Staedel, loc. cit.), crystallised from alcohol in § 


large, hexagonal tablets melting at 48°. 

6-Nitro-m-tolyl acetate, prepared from 6-nitro-m-cresol (Staedel, 
loc. cit.), crystallised from alcohol in tough, felted masses of fine 
needles melting at 34°. 
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These three esters are readily soluble in alcohol, benzene, acetone, | 
7 3M 
with 
base. 
isola 


and the usual organic solvents. 

2-Nitro-m-tolyl Benzoate-——The crude benzoyl derivative, which 
was obtained by treating the above-described crude nitro-m-cresol 
with benzoyl chloride and alkali and then extracting with ether, 
crystallised readily and was freed from oily impurities by draining 
it on porous earthenware. It separated from alcohol in colourless, 
extremely fine needles melting at 79° and was sparingly soluble in 
alcohol or light petroleum, but easily soluble in benzene, acetone, 
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dhyl acetate, or chloroform (Found: C = 65:8; H = 467. 
(yH,,0,N requires C = 65:4; H = 4-28 per cent.). The 4- and 
j-nitro-m-tolyl benzoates (Annalen, 1904, 330, 99) were prepared 
in @ similar manner and directly compared with the above benzoyl 
derivative. 

2-Niiro-m-tolyl Methyl Ether. 

The crude nitro-m-cresol described above, methylated with alkali 
and methyl sulphate, gave an emulsion when shaken with ether. 
The oily product was therefore separated by steam distillation and 
extracted. When distilled (15 mm.), it gave first a little m-tolyl 
methyl ether, then a mixture of m-tolyl methyl ether and 2-nitro-m- 
tlyl methyl ether (120—150°), and finally the nitrotolyl methyl 
cher alone (150—160°). The two later fractions partly solidified, 


- 9and this product, when freed from oil, separated from alcohol in 


large, yellow, hexagonal plates melting at 54°. This ether has a 
pleasant, characteristic odour similar to that of iodoform, and is 
radily soluble in most of the ordinary solvents (Found : C = 57°8; 


7H=5°55. C,H,O,N requires C = 57-5; H = 5°39 per cent.). 


For the purpose of direct comparison, 4- and 6-nitro-m-cresols 


] were submitted to the above process of methylation, when com- 
pounds were obtained the properties of which corresponded well 
] vith those described by Focher and Rigaud (Ber., 1902, 35, 1259), 
} by Reissert (Ber., 1898, 31, 394), and by Khotinsky and Jacopson- 
] Jacopmann (loc. cit.). 


The above results showed that a new nitro-m-cresol had been 


prepared, probably the 2-nitro-derivative. 


Oxidation of 2-Nitro-m-tolyl Methyl Ether. 
2-Nitro-m-tolyl methyl ether was oxidised by boiling dilute 


9 permanganate; the product crystallised from 50 per cent. aqueous 
7 alcohol in well-defined needles melting at 250° with decomposition, 
7 and was evidently identical with the 2-nitro-3-methoxybenzoic acid 
] prepared by Rieche (loc. cit.). It dissolved freely in acetone, but 
q was very sparingly soluble in hot chloroform or water (Found : 
@ equivalent = 195°6. C,H,O;N requires equivalent = 197). 


Conversion of 2-Nitro-m-cresol into 3-Methoxyphthalic Acid. 


Ba ethoxy-o-toluidine.—2-Nitro-m-tolyl methyl ether was reduced 


with iron and boiling dilute aqueous acetic acid, and the resulting 
base, liberated by excess of caustic soda, was distilled in steam and 


] isolated by extraction with ether. 3-Methoxy-o-toluidine was thus 


obtained in almost theoretical quantity; it crystallised from water 


7 in colourless needles melting at 31° and was readily soluble in 


organic solvents, but was only sparingly soluble in cold water. The 
base, if finely powdered, rapidly discoloured in the air, but coloured 
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samples were readily purified by distillation (b. p. 124—126°/15 mm.), 
The odour of this compound is very pronounced and resembles that 
of «-naphthylamine to some extent. 

The benzoyl derivative, prepared by the Schotten-Baumann 
method, crystallised from dilute alcohol in colourless needles melting 
at 137° and was readily soluble in the usual solvents (Found: 
C=746; H=64; N=575. C,,;H,,0O,.N requires C = 74:75; 
H = 6:23; N = 5°82 per cent.). 

3-Methoxy-o-toluonitrile.—The base just described was diazotised 
and the solution added drop by drop to a well-stirred solution of 
sodium cupro-cyanide, heated at 80°. After distillation in steam, 
the product solidified and was crystallised from light petroleum. 
The nitrile was thus obtained in colourless needles melting at 64° 
and, with the exception of light petroleum, was readily soluble in 
organic crystallising media (Found ;: C = 73°3; H = 6:24. C,H,ON 
requires C = 73:5; H = 6°12 per cent.). 


3-Methoxy-o-toluamide.—Some little difficulty was found in | 


hydrolysing this nitrile, probably owing to the presence of the two 
ortho-substituents to the -CN group. The best method seemed 
to be the following. 

The crude nitrile (10 grams) was boiled during sixty hours with 
alcohol (50 c.c.) and caustic soda (10 grams). The alcohol was then 
distilled off, water added to the residue, and the undissolved solid 
separated by filtration. It crystallised from hot water in colourless, 
twig-like needles melting at 157°, and was sparingly soluble in 
organic solvents. Yield = 10 grams (Found: C = 65:7; H = 6°96. 
C,H,,0,N requires C = 65°5; H = 6°67 per cent.). 

Many attempts were made to hydrolyse this amide to the corre- 
sponding acid by the usua! methods, and one very interesting result 
was obtained. The amide was boiled during twenty-four hours 
with concentrated hydrochloric acid, when an oil was observed in 
the condenser. On distillation in steam, 80 per cent. of the amide 
was left in the flask unchanged, whilst a colourless oil passed over. 
This product boiled at 177° and was proved to be m-tolyl methyl 
ether by the fact that on oxidation with boiling dilute permanganate 
it gave m-methoxybenzoic acid, melting at 107°. As 3-methoxy-o- 
toluic acid (see below) does not lose carbon dioxide on boiling with 
concentrated hydrochloric acid, it seems likely that the amide 
group is directly displaced by hydrogen instead of undergoing the 
usual transformation. This curious change is being further investi- 
gated with a view to discover the course of the reaction. 

3-Methoxy-o-toluic Acid.—This acid was finally obtained by 
stirring the amide with a solution of nitrous acid during many hours. 
The suspension was evaporated to dryness and the residue extracted 
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yith warm ether. The extract, on evaporation, gave a mixture of 
id and amide which was boiled with dilute ammonia. After 
woling, most of the unchanged amide was separated by filtration. 
To remove the remaining small proportion of amide, the silver salt 
yas precipitated from the neutral solution of the ammonium salt 
and then decomposed by hydrogen sulphide. The filtrate from the 
ilver sulphide gave on evaporation a brown, crystalline residue, 
yhich was recrystallised twice from light petroleum. 3-Methoxy-o- 
tluic acid was thus obtained in colourless leaflets melting at 112°; 
it was readily soluble in alcohol or acetone, but insoluble in petrol- 
am, benzene, or chloroform (Found: C = 65°25; H = 6°22; 


7 quivalent = 165°5, 165°7. CyH, 90, requires C = 65:1; H = 6°03 


per cent.; equivalent = 166). 

The above acid, dissolved in dilute sodium carbonate, was treated 
with the theoretical amount of permanganate on a warm water- 
bath. When oxidation was complete, the filtered solution was 


4 evaporated to dryness and extracted with warm ether. The 
| rsidue from the ethereal solution sublimed easily in colourless 
7 wedles, m. p. 87°, of the anhydride of 3-methoxyphthalic acid. 


On boiling this compound with water and allowing the solution 


7 to cool, prisms of 3-methoxyphthalic acid were obtained melting 
at 159°. Jacobson (Ber., 1883, 16, 1965) gives 87° and 160° as the 


melting points of the anhydride and the acid, respectively (Found : 
(=551; H=417; equivalent = 96°7. Cale., C = 55°15; 


| H= 4-08 per cent.; equivalent = 98). 


Examination of the Oily By-products. 
A portion of the oily by-products from the preparation of 2-nitro-m- 


tolyl methyl ether (p. 1273) was fractionated under 15 mm. pressure ; 
7 the first fraction (90—100°) consisted of m-tolyl methyl ether, 
} which boiled under the ordinary pressure at 177° and gave m- 


methoxybenzoic acid (m. p. 107°) on oxidation with permanganate. 


] The fraction of higher boiling point (150—160°) deposited a small 


quantity of the crystalline methyl derivative (m. p. 54°), which was 


j separated. The oily methyl derivative was then oxidised with 
7 boiling dilute permanganate solution and the filtered solution 


acidified. The crude crystalline product melted from 215° to 245°; 
when extracted with hot chloroform, a part dissolved and was 
obtained by recrystallising from water in fine, silky needles melting 
at 208°. This compound was 4-nitro-m-methoxybenzoic acid, 
identical with the acid prepared from 4-nitro-m-tolyl methyl] ether. 
The acid, not extracted by boiling chloroform, crystallised from 
50 per cent. aqueous alcohol in well-defined needles melting at 
250° with decomposition and was proved to be identical with 
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2-nitro-m-methoxybenzoic acid, obtained by the oxidation of 
2-nitro-m-tolyl methyl ether (p. 1273). 

To confirm the above results, which showed that the only impurity 
in the crude nitration product was 4-nitro-m-cresol, the oily by. 
products from the crystalline benzoyl derivative (p. 1272) were sub. 
mitted to reduction in order to convert them into substances of 
high melting points which could then be more fully examined. 
For this purpose the oil was reduced with iron in boiling dilute acetic 
acid, and the liquid neutralised with sodium hydrogen carbonate 
(which gave a less flocculent precipitate than sodium carbonate or 
hydroxide). The iron residue was removed and the dried powder 
extracted with warm ether. The extract, when concentrated, 
gave a crystalline deposit of very indefinite melting point (150— 
185°); when this product was recrystallised from a mixture of 
acetone (1 volume) and light petroleum (5 volumes), it gave long, 
spear-like needles and a crust of small, rhombic plates. The needles 
were easily picked out and when recrystallised from a little ethy! 
acetate melted sharply at 169°. The plates were again crystallised 
from light petroleum and acetone, and now they melted at 189°. 
The two compounds were identical with the derivatives prepared 
as described later from 4-nitro-m-tolyl benzoate and 2-nitro-m-tolyl 
benzoate, respectively. 

N-Benzoyl-2-amino-m-cresol—Pure crystalline 2-nitro-m-tolyl 
benzoate (p. 1272) was treated with iron and dilute acetic acid as 
described above; the sole product in this case was the compound 
which crystallised in rhombic plates melting at 189°. This benzoyl 
derivative was readily soluble in dilute alkali, usually giving a pale 
green solution which, with a diazo-solution, readily yielded a yellow 
azo-compound; with more concentrated alkali, the sodium salt 
was precipitated in very fine needles. 

With the exception of acetone, alcohol, and ethyl acetate, this 
phenol is sparingly soluble in organic solvents and may be crystal- 
lised from benzene or a mixture of acetone and light petroleum 
(Found: C=73'9; H=579; N=605. C,,H,,0,N requires 
C=740; H= 573; N = 617 per cent.). 

N-Benzoyl-4-amino-m-cresol.—_4-Nitro-m-tolyl benzoate (p. 1273) 
was reduced under the conditions described above. The product 
crystallised in spear-like needles from a mixture of acetone and 
light petroleum and melted at 169°. The sodium salt, azo-derivative, 
and solubilities are very similar to those described for N-benzoyl- 
2-amino-m-cresol. 

6-Amino-m-tolyl Benzoate.—6-Nitro-m-tolyl benzoate (p. 1273) 
was reduced with iron and acetic acid in the manner already 
described and the product extracted with ether from the precipitated 
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hydroxides of iron. The extract had a bright red colour and gave 
on evaporation a crystalline residue, which was recrystallised from 
light petroleum with the addition of animal charcoal. The crystals 
thus obtained were colourless needles melting at 92°. This base 
was soluble in ordinary solvents except light petroleum and could 
be obtained in large, hexagonal tablets by the spontaneous evapor- 
ation of its solution in acetone. On exposure to the air, a slight 
pink colour usually appeared, which deepened continuously, probably 
owing to atmospheric oxidation, and could only be removed by 
repeated crystallisation or by distillation in a vacuum (b. p. 
220°/12 mm.) (Found: C = 74:0; H=5°8; N= 6°37. C,,H,,0,.N 
requires C = 74:0; H = 5°73; N = 6:17 per cent.). 

Its hydrochloride was prepared by dissolving the base in dry ether 
and passing dry hydrogen chloride, when a white precipitate 
rapidly formed. On filtering and drying the salt, a colourless 
powder was obtained which was readily soluble in water (Found : 
(l= 13°39. C,,H,,0,N,HCl requires Cl = 13°48 per cent.). 


In conclusion, the author wishes to express his gratitude to the 
Department of Scientific and Industrial Research for a maintenance 
gant which allowed him to carry out the above work, and to 
Professor Kipping, F.R.S., for many helpful suggestions and kindly 
criticisms. 

University COLLEGE, 

NotrincHAM. [Received, February 20th, 1923.] 


CXLVIII.—The Structure of Sucrose. 
By Max BERGMANN. 


Tue formula of sucrose that has been almost generally accepted 
in recent years displays an ethylene-oxide ring in the fructose 
portion of the molecule, this structure having been assigned by 
Haworth and Law on the ground that octamethyl sucrose, when 
hydrolysed, yields a tetramethyl fructose which reduces per- 
manganate as does ethylene oxide. Later, Haworth oxidised this 
tetramethyl fructose with nitric acid and obtained the bimolecular 
semilactide of trimethylated tetrahydroxyvaleric acid, the free 
hydroxyl group of which was supposed to be in the «-position to 
the carboxyl. He therefore attributed the ethylene-oxide formula 
to sucrose and rejected other formule, such as the one with a 
2: 6-oxide ring. 

I have recently studied a number of glucoside-like cycloacetals 
of hydroxy-aldehydes and -ketones, the oxide ring of which does 
VOL. CXXIII. xx 
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not show the 1: 4-structure. Having doubted for a long time 
the ethylene-oxidic structure of sucrose, I was especially interested 
in the study of 5-acetyl-n-buty] alcohol (I) and 8-hydroxy-é-acetyl-n- 
butyl alcohol (II), in both of which the carbonyl group is in the same 
position as it is in fructose. It was no accident that the work was 
started with the methylcycloacetal of acetylbutyl alcohol, that is, 
with a substance which can have no other oxide ring than a 2 : 6-ring 
(Bergmann and Miekeley, Ber., 1921, 54, [.B], 2157; 1922, 55, 
[B], 1390). 


(1.) HO-[CH,],°CO°CH, or CH,*CH,*CH,°CH,°C(OH)-CHs. 
| ra’ = 


HO-[CH,],*CH(OH):CO-CH, or CH,*CH,*CH,CH(OH)-C(OH)-CH,. 
(iT), a O J 


vv 
6 5 4 3 2 ] 


The result of these studies as far as it concerns the structure of 
sucrose was published in the following words, with particular 
reference to the views of Haworth : 

Die Eigenschaften des neuen Acetobutylalkohol-halbacetals zeigen 
nunmehr, dass die am Rohrzucker festgestellte leichte Spaltbarkeit 
keineswegs ausschliesslich mit einem dthylenoxydartigen Ringsysten 
zusammenzuhiingen braucht, sondern auch bet Ketosiden anderer 
Struktur auftritt. Dazu kommt noch, dass sowohl der Acetobutyl- 
alkohol wie sein Halbacetal Permanganat leicht entfairben, auch in 
neutraler Lésung. Fiir den Rohrzucker ergibt sich hieraus, dass 
seine Formel in Bezug auf die Struktur des Fruktoserestes erneut 
unsicher geworden ist und auf anderer Grundlage, als es bisher 
versucht wurde, neu bestimmt werden muss. Wir fiihren selbst 
dahingehende Versuche aus.” 

We stated that the structure of raffinose, inulin, levulosan, and 
similar substances which were hitherto supposed to be of the 
ethylene-oxide type in the fructose portion of the molecule must 
also be redetermined. 

In conjunction with Dr. Erich Correns, I began the study of 
sucrose a year ago. We obtained from methylated sucrose 4 
compound, C,H,O(O-CH,),, which is derived from the fructose 
portion of sucrose and contains four methoxyl groups. This com- 
pound is unsaturated, and the dark red coloration developed with 
fuming hydrochloric acid proves that the oxide ring is present as a 
5- or 6-ring. We were unable to proceed with this work for many 
months, and therefore could not give accurate and complete results. 

I note with pleasure that Prof. Haworth (this vol., pp. 294, 
301) agrees with me in doubting the correctness of the ethylene- 
oxidic structure of sucrose, after having succeeded, together with 
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Linnel, in converting the tetramethyl fructose derived from methy]l- 
ated sucrose into trimethoxyglutaric acid, the three methyl groups 
of which must have been united to the carbon atoms 3, 4, and 5 
in the fructose portion of the methylated sugar. This means that 
an ethylene-oxide ring joining the atoms 2 and 3 cannot exist. 

As our former deductions concerning the structure of sucrose 
may well have remained unknown to many fellow-workers—Prof. 
Haworth and Mr. Linnel apparently had no knowledge of them—it 
may be fitting to publish this brief notice. 


KatsEk WiLHELM Institut FUR LEDERFORSCHUNG, 
DRESDEN. [Received, April 4th, 1923.] 


CXLLX.—The Action of Thiosulphates on Cupric Salts. 
By Henry Basserr and REGINALD GRAHAM DURRANT. 


Tue following investigation arose out of an observation of the 
late Henry Bassett, senior, that the filtrate from cuprous sulphide, 
precipitated by adding sodium thiosulphate to a hot acid solution 
of a cupric salt, contained a considerable quantity of pentathionic 
acid. 

A considerable amount of work has been done on the interaction 
of sodium thiosulphate and metallic salts, especially by Vortmann, 
who (Monatsh., 1886, 7, 418) proposed to use this thiosulphate 
instead of hydrogen sulphide as a laboratory reagent, since copper, 
mercuric, and bismuth salts together with the chlorides of 
antimony, arsenic, and tin are converted into sulphides when 
warmed with excess of thiosulphate in acid solution. 

The present communication is concerned with copper only. The 
reactions involved in this case are of particular interest, because 
they furnish an excellent method for precipitating copper quanti- 
tatively as cuprous sulphide and of separating it from cadmium 
and zinc and from other metals of analytical group IV. As a 
tule, a more perfect separation is obtainable than with hydrogen 
sulphide. The method is described in several text-books (Classen, 
“Ausgewaihlte Methoden der Analytischen Chemie,” 1901, I, 73; 
Beringer, ‘“‘'Text-book of Assaying,” 10th ed., 1906, p. 183; 
Fresenius, “‘ Quantitative Analysis,” 7th English ed., 1876, p. 459, 
where early references to the method are given). 

The reduction of copper to the cuprous condition is accompanied 
by oxidation of thiosulphate to tetrathionate. This was shown by 
Rammelsberg (Pogg. Ann., 1842, 56, 321) in the case of potassium 
thiosulphate, and by Zettnow (Z. anal. Chem., 1867, 6, 438) in the 
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case of the sodium salt. According to von Renesse (Ber., 1877, 
10, 1682), the reaction is as follows: 
2CuSO, + 3Na,S,0, = Cu,S,0, + Na,S,0, + 2Na,SO,. 

Vortmann (Monaish., 1888, 9, 165) stated that sulphuric acid is 
not produced as had been asserted independently by Sievert (Pogg. 
Ann., 1842, 56, 321) and Kessel (Ber., 1877, 10, 1677, 2000; 1878, 
11, 1581). None of these workers appears to have made quanti- 
tative determinations of the tetrathionate which is produced. (. 
and I. Bhaduri (Z. anorg. Chem., 1898, 17, 1) refer to Vortmann 
(loc. cit., 1888), who obtained a bright yellow, crystalline salt to 
which he assigned the formula 3Cu,S,0,,2Na,.8,03,8H,0, and they 
give the following reaction as occurring when this salt is heated: 
3Cu,S,0,,2Na,S8,05,8H,0 = 

3Cu,S -+ 2Na.SO, + H,SO, + 28 + 280, + 7H,0. 
We have arrived at this reaction from our bright yellow salt, which 
contains 6 instead of 8 molecules of water, and have found that the 
relative formula-weights of cuprous sulphide, sulphur, and sulphuric 
acid are exactly as 3:2:1. We have also made a quantitative 
determination of the amount of tetrathionate produced during the 
formation of the white salt, Na,S,0,,Cu,S,0,,H,O0, and find that 
it tallies with that required for the reaction 
2CuCl, + 4Na,8,0, + H,O = 

Na,S,03,Cu,S,03,H,0 + Na,S,0, + 4NaCl, 

in which no sulphuric acid is produced. 

Any sulphuric acid which may have been found by Sievert and 
Kessel was probably due to partial decomposition of one of the 
double salts. Von Renesse’s reaction would suggest that cuprous 
thiosulphate is actually produced, but our work has shown that 
double salts are immediately formed and that cuprous thiosulphate 
itself, if it exists at all, is exceedingly unstable. 

Investigation of the sodium cuprous thiosulphates formed in 
the reaction has thrown some interesting sidelights on other sodium 
cuprous double salts. 

When J-solutions of cupric chloride, sulphate, or nitrate are 
mixed with NV- or 2N-solutions of sodium thiosulphate in proportions 
to satisfy the equation 

4Na.S,0, + 2CuA, = Na,Cu,(8,04), -+ Na.S,0, + 4NaA, 
a yellow solution is produced which soon deposits bright yellow, 
prismatic crystals at the ordinary temperature. This yellow salt 
in the case of copper nitrate corresponds exactly with the formula 
2Na,8,0;,3Cu,S,03,6H,O. When prepared from cupric chloride 
solution, the yellow double thiosulphate first formed soon changes 
into a white salt, the change being complete in a few hours. This 
white salt is crystalline (prisms) and perfectly homogeneous under 
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the microscope, but always contains a considerable quantity of 
chloride. The analytical figures agree perfectly with a compound 
Na,Cu,(S,0,),,H,O containing varying amounts of isomorphous 
NagCu,Cl,,H,O in solid solution. This particular complex cuprous 
chloride does not appear to have been prepared, although a number 
of others have been (see Abegg’s ‘‘ Handbuch,” 1908, II, i, 550). 
The amount of chloride present in these preparations is always 
greater than the amount of sulphate which in similar circumstances 
appears in the yellow salt obtained from copper sulphate. It is 
less in presence of free hydrochloric acid than in its absence. These 
are both results which might be expected. It is well known that 
slid cuprous sulphate cannot exist in presence of water, as 
it breaks up into cupric sulphate and metallic copper. As the 
“neutral part ’ of a complex ion, it is more stable and the oppor- 
tunity of entering into solid solution in the double thiosulphate 
would still further protect it. No double cuprous sulphates appear 
to have been actually prepared, but it seems clear that they are 
capable of existence under favourable conditions. The existence 
of complex cuprous sulphate-ions in aqueous solution has been 
proved by Abel (Z. anorg. Chem., 1901, 26, 361). 

Double nitrates practically only exist when one of the consti- 
tuent metals is tervalent; hence the freedom from contaminating 
nitrate in the double thiosulphate prepared from cupric nitrate is 
not surprising. The tetrathionate formed in the reaction might 
have had some tendency to form similar solid solutions to the 
above, but no evidence for this has been found, although specially 
looked for. 

The formation of solid solutions of sodium cuprous chloride in 
sodium cuprous thiosulphate is of interest in connexion with the 
compounds CuX,NH,X,4(NH,),8,0,(X = Cl,Br,I,CNS) obtained by 
Rosenheim and Steinhiuser (Z. anorg. Chem., 1900, 25, 103) by the 
action of saturated solutions of ammonium thiosulphate on cuprous 
chloride, etc. (see also Canneri and Luchini, Gazzelta, 1922, 52, 
ii, 261, for similar sodium compounds). 

The following list of double cuprous thiosulphates, with refer- 
ences, is given by Vortmann (loc. cit., 1888) : 

(1) Pright yellow salt, first obtained by von Hauer (Sitzungsber. 
Akad. Wiss. Wien, 1854, [ii], 13, 443) and erroneously considered 
to be Cu,8,03,2H,SO,. This undoubtedly is the same salt to which 
Vortmann assigns the formula 2Na,S,0,,3Cu,S,0,,8H,O. (2) A 
white salt obtained by Russel (Chem. Zig., 1894, 9, 233) from 
copper chloride—formula Na,S,0,,Cu,S,0,,H,O0. He does not 
give details of preparation or analysis. (3) A pale greenish- 
yellow salt consisting of very small prisms, obtained by Vort- 


1282 BASSETT AND DURRANT: 


mann from copper sulphate—formula WNa,S,0;,Cu,S,0,,3H,0, 
(4) 2Na.S,03,Cu,S8,0,,4H,O. (5) 2Na,S,05,Cu,S,0,,2H,O. (6) 
3Na,8,03,Cu,S,03,2H,O0. (7) 4Na8,05,Cu,S,0,,6H,O. Apparently 
Lenz (Annalen, 1841, 40, 99), Rammelsberg, Russel, Jochun 
(Inaug. Diss. Berlin, 1885), and Vortmann agree as to the existence 
of the last four. C. and I. Bhaduri (loc. cit.) quote all these and 
three more double salts. 

We have confirmed the existence of the first three salts. We 
find (1) contains only 6 molecules of water, (2) is always contamin. 
ated with chloride, whilst (3) agrees in every particular with 
Vortmann’s description and analysis. 

We have reason to believe that several of the other salts are 
merely mixtures, and are hoping soon to complete our study of the 
system Na,S,0,—Cu,S,0,—H,0. 

The mother-liquors from the preparations of double thiosulphates 
always contain excess of thiosulphate in addition to sodium tetra- 
thionate and nitrate (chloride or sulphate), and some copper is still 
present in solution. This was the case in all experiments made 
with varying proportions and concentrations of the reactants. 
Some atmospheric oxidation of cuprous copper appears to occur 
during the reaction, but as long as sodium thiosulphate is in excess 
the cupric copper will be again reduced. 

In all experiments in which acid was used there was strong 
evidence of the formation of pentathionic acid. This was traced 
to the action of mineral acid liberating sulphur from sodium thio- 
sulphate. Some of this sulphur unites with the tetrathionate 
present. Pentathionic acid is very stable in presence of hydrogen- 
ions. 

We are endeavouring to prepare double pentathionates starting 
with concentrated solutions of cupric nitrate and ammonium thio- 
sulphate. When these solutions are mixed, a light yellow liquor 
is formed from which a bright yellow salt separates. This very 
rapidly changes to a white, crystalline salt having the formula 
3(NH,),8,05,2Cu,S8,03,H,0. 

All the above double thiosulphates are decomposed by mineral 
acids, slowly in the cold, more quickly on warming, with formation 
of cuprous sulphide, sulphur, sulphurous and sulphuric acids. 
When using thiosulphate for precipitating copper quantitatively 
as cuprous sulphide, the sodium thiosulphate is usually added to 
the hot acid solution containing copper, and the formation and 
the decomposition of the sodium cuprous thiosulphate occur 
practically simultaneously. The filtrate from the precipitated 
cuprous sulphide and sulphur contains large amounts of poly- 
thionates, mainly pentathionate, but possibly some unaltered tetra- 
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thionate as well. If other metals are to be estimated, it is fre- 
quently advisable first to remove these polythionates by con- 
centrating the filtrate, adding strong nitric acid, and filtering off 
the liberated sulphur after digesting the mixture for some time so 
as to render the sulphur capable of filtration. If this is not done, 
sulphur will be liberated from the pentathionate on addition of 
ammonia, and this may cause trouble. 

Those who have had much experience in this method of separ- 
ating copper will have noticed that a trace of copper is frequently 
left in solution, although its amount is usually far too minute to 
be of any consequence. We have found that this occurs most 
readily from chloride solutions, less readily from sulphate, and not 
at all with nitric acid solutions, provided too much acid is not 
present. The explanation is to be sought in the tendency to form 
complex cuprous chlorides or sulphates. These cannot decompose 
to give cuprous sulphide; only the complex cuprous thiosulphate 
can do that. At any moment there will be some sort of equilibrium 
in the solution between the complex cuprous thiosulphates and 
chloride or sulphate. As the former decomposes and more sodium 
thiosulphate is added, the amount of complex cuprous chloride or 
sulphate remaining in the solution will rapidly diminish, but a 
trace will probably remain. Comparative experiments have shown 
that the most suitable acid to use in this method of estimating 
copper is sulphuric acid—because nitric acid, if above half-normal 
concentration, causes slight oxidation of copper when the solution 
is at the boiling point, whereas sulphuric acid, if used in consider- 
able excess and heated with any copper salt before adding the 
thiosulphate, prevents the formation even of the complex cuprous 
chlorides, and no trace of copper appears in the filtrate from the 
black precipitate. If hydrochloric acid is used instead of sulphuric, 
it may be exceedingly difficult to precipitate all the copper. 


EXPERIMENTAL. 


Action of Sodium Thiosulphate on Cupric Chloride in Presence of 
Hydrochloric Acid. 

Normal solutions of the above were mixed together in the volume 
proportions 2:1:1. A white, crystalline salt appeared after a 
few hours and after a few days the salt was drained through a 
Biichner funnel, washed with a little water, then with alcohol, and 
air-dried (Found: Na = 11°35; Cu = 31:25; S = 27°30. 90% 
of Na,Cu,(S,05).,H,0 + 10% of Na Cu,Cl,,H,O requires Na = 
11:35; Cu = 31°35; S = 27°75 per cent.). Chlorine and water, 
the presence of which was proved qualitatively, were not estimated. 

The prismatic crystals, examined under the microscope, were 
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seen to be colourless and homogeneous. In these and in subse. 
quent experiments copper was precipitated as cuprous sulphide 
by warming with sulphuric acid and was weighed either as such 
or after ignition to oxide; the sulphur was estimated as barium 
sulphate, thiosulphate by iodine titration, and sodium as sulphate 
in a platinum dish. In every case, except with the double thio. 
sulphates prepared from cupric nitrate, it was found that a small 
amount of copper remained with the fused sodium sulphate. This 
was estimated and allowed for. 


Action of Sodium Thiosulphate on Cupric Chloride in Absence of 
Acid. 
Normal solutions were mixed in the volume proportions 
Na,S,0, : CuCl, :: 2:1 

and left at room temperature. A bright yellow precipitate soon 
separated, but this disappeared within two days, giving place to 
white crystals. After five days, the white deposit became slightly 
blue on the surface owing to atmospheric oxidation. This small 
blue portion having been removed, the remainder was washed with 
water and with alcohol and dried in the air (Found: Na = 11°55; 
Cu = 31°89; 8,0, = 44°66; Cl= 7°42; H,O (by diff.) = 4-48. 
82°6% of Na Cu,($,05),,H,0 + 17°4% of Na.Cu,Cl,,H,O requires 
Na = 11°56; Cu = 31°90; 8,0, = 44°58; Cl = 742; H,O = 4°52 
per cent.). 

Owing to the fact that the salt is decomposed at temperatures 
below 100°, a direct estimation of the water was not made. The 
salt, when heated in a hard glass tube, after discharging water, 
sulphur dioxide, and excess of sulphur as vapour, left a residue 
(75°28 per cent.) consisting chiefly of sodium sulphate and cuprous 
sulphide but containing also sodium chloride. If the whole of the 
copper from Na,Cu,Cl,,H,O is converted into cuprous sulphide, the 
residue by theory should be 74°33 per cent.; if none of it is so 
converted, the residue should be 76°39 per cent.; if half of it is 
converted, the residue should be 75°36 per cent. 

The fact, previously noted, that copper is found in the fused 
sodium sulphate (after treatment with acid and precipitation of 
cuprous sulphide) is explained by supposing that this double 
chloride escapes complete conversion into cuprous sulphide. 

Examination of the Filtrate from the White Salt.—Fitty c.c. of 
N-cupric chloride were left for six days with 100 c.c. of N-sodium 
thiosulphate, and the whole of the filtrate was then collected 
(136 c.c. without wash water). The copper in the precipitate, in 
the wash water, and in aliquot portions of the filtrate was estim- 
ated, the results agreeing well with the known weight in the original 
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solution. Five estimations were made each with 10 c.c. of the 
filtrate, giving sulphur (as thiosulphate) 0°0620, sulphur (total) 
0:2054, copper 0°0488, chlorine 0°1077, and sodium 0°1477 gram. 

Assuming chlorine to be present as cuprous chloride and sodium 
chloride, and sodium as sodium chloride, sodium thiosulphate, and 
sodium tetrathionate, these figures show that the amounts of 
sodium and of sulphur in excess of those required to produce the 
cuprous chloride, sodium chloride, and sodium thiosulphate are 
00511 gram and 0°1434 gram, respectively. The theoretical ratio 
for sodium tetrathionate is 0°0511 of sodium to 0°1422 of sulphur. 
This affords evidence for the fundamental reaction : 

4Na,S,0, + 2CuCl, = Na,Cu,(8,0,). + Na, S,0, + 4NaCl. 
Further evidence was obtained by preparing the salt Na,S,0,,2H,O 
and comparing its properties with those of filtrates from double 
sodium copper thiosulphate precipitates. 

The actual amount of sodium tetrathionate produced from a 
mixture of 50 c.c. of N-cupric chloride and 50 c.c. of 2N-sodium 
thiosulphate was estimated by Kurtenacker and Fritsch’s method 
(Z. anorg. Chem., 1921, 117, 202), using standard potassium cyanide, 
whereby tetrathionate is reconverted into thiosulphate. The 
results confirmed our suspicion that oxidation by air and subse- 
quent reduction of the copper by thiosulphate take place, since 
the ratio of tetrathionate to copper was found to be higher than 
would have been the case if such alternating action had not occurred. 
In the examination of the above filtrate it was proved that one- 
quarter of the copper originally taken had been subjected to this 
alternating action, since the total copper corresponded to 1:6 as 
compared with 2 grams of tetrathionate sulphur found. 

Examination of the Temporary Yellow Precipitate.—This examin- 
ation was made after establishing the formula of the permanent 
yellow precipitates formed when copper sulphate and copper 
nitrate are used. The precipitate formed by mixing 50 c.c. of 
N-cupric chloride with 50 c.c. of 2N-sodium thiosulphate was 
collected after standing for five hours, drained with suction, washed 
with water and with alcohol, and air-dried as in all other similar 
preparations [Found: Cu = 31-74; 8,0, = 47:23; Cl = 2-26; 
residue on heating = 69-19. 70% of the yellow salt 

(2Na,S,05,3Cu,8,03,6H,O) + 
30% of the white salt (analysis given above; 17-4°% double chloride) 
requires Cu = 32°84; S,O, = 47:72; Cl= 2-23; residue after 
heating = 69-27 per cent.]. 

Portions of this precipitate, examined under the microscope, 
were seen to consist of a mixture of yellow and white crystals. 


It is evident that the change from the yellow to the white salt 
xx* 
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begins to take place at an early stage, although the yellow colour 
requires about two days to disappear completely. Larlier attempts 
to prepare white salts when using copper sulphate and copper 
nitrate were unsuccessful, but if 2N-copper nitrate is mixed with 
4N-thiosulphate, Vortmann’s pale yellow salt, 
Na,$,03,Cu,8,0,,3H,0O, 


will be produced at room temperature. 


Action of Sodium Thiosulphate on Copper Sulphate. 


One hundred c.c. of N-sodium thiosulphate, mixed with 50 c.c. 
of N-copper sulphate, gradually deposited yellow crystals for eight 
days. The yield was 53 per cent., that is, 47 per cent. of the 
copper remained in the filtrate—and the ratio of thiosulphate in 
this filtrate to that from the white salt was 3:2. The air-dried 
yellow crystals were seen under the microscope to be perfectly 
homogeneous [Found: Na = 8-20; Cu = 33-49; S (as 8,0,) = 
26-58; S (as SO,) = 0-66; S (total) = 27-24; residue a heat- 
ing = 67-22. 93% of 2Na,.S,0,,3Cu,8,0,,6H,O + 7% 

2Na,SO,,3Cu,80,,6H,O 
requires Na = 8-13; Cu = 33-71; S (total) = 27-16; residue after 
heating = 67-02 per cent. ]. 


Action of Sodium Thiosulphate on Copper Nitrate. 

One hundred c.c. of N-sodium thiosulphate, mixed with 50 c.c. of 
N-copper nitrate, deposited yellow crystals as in the last case, but 
here no nitrate could be detected in the yellow salt either by brucine 
or by other tests (Found: Na = 8-00; Cu = 33-28; S =.27-86; 
residue after heating = 67-41. 2Na,S,0;,3Cu,8,0;,6H, O requires 
Na = 8-06; Cu = 33:39; S = 28-04; residue after heating = 
67-70 per cent.). 

These results correspond with the pure salt. The residue 
after heating strongly consists entirely of cuprous sulphide and 
sodium sulphate. Larger quantities of this salt were prepared 
for subsequent experiments. 

Properties of Disodium Tricuprous Thiosulphate.—This salt 
crystallises in bright yellow needles, those deposited during the 
early stages of the preparation being larger than those forming 
later on. If left in presence of the mother-liquor, the deposit 
will remain bright yellow for several weeks. The air-dried salt, 
if perfectly free from traces of tetrathionate, appears to be quite 
permanent, but if the crystals are not well washed (about 200 c.c. 
of water for a 40-gram yield), the salt will slowly decompose and 
eventualiy become quite black. When the salt was strongly 
heated in absence of air, the decomposition was shown to agree 
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with the reaction 3Cu,S8,03,2Na,.S,0,,6H,O = 3Cu,S + 2Na,SO, + 
H,SO, + 280, + 28 + 5H,0. C. and I. Bhaduri (loc. cit.) arrived 
at the same reaction, assuming 8 instead of 6 molecules of water 
to be present. 

The solubility of the salt in water at 10° appears to be 3 parts 
in 1000. After some time, a white cloud separates (possibly 
cuprous thiosulphate is formed and sodium thiosulphate dissolved). 
After twelve hours at 11°, the white suspension begins to hydrolyse 
—Cu,S,0, + H,O0 —> Cu,S + H,SO,—after forty-eight hours, the 
hydrolysis has proceeded to the extent of 52 per cent. When the 
temperature is raised to 80°, this brown mixture becomes black 
and the extent of hydrolysis reaches 75 per cent., whilst after boiling 
for ten minutes it reaches 95 per cent. , 

The action of acids and of sodium thiosulphate—separately and 
together—on the salt has been studied with the view of finding 
a method which completely vemoves copper as cuprous sulphide 
from solution. From these experiments, it appears that the com- 
plete separation cannot be effected in presence of hydrochloric 
acid, but that it can be effected by excess of sodium thiosulphate in 
presence of nitric acid, provided the latter is not highly concen- 
trated. The desired result can also be attained in sulphuric acid 
solution if sufficient acid be present to prevent the formation of 
complex double chloride or (less readily formed) double sulphate. 


The Action of Ammonium Thiosulphate on Copper Nitrate. 


On mixing 5V-ammonium thiosulphate and 2-5N-cupric nitrate 
in equal volumes, a bright yellow liquid was immediately produced, 
but no deposit was obtained after twenty hours’ standing. Solu- 
tions of the preceding strength were concentrated and cooled 
separately, and then mixed together; after a short time, solidi- 
fication occurred quite suddenly. The purple-grey, crystalline solid 
obtained was proved to contain traces of products of decomposition. 

To another portion of the bright yellow liquid above mentioned 
an equal volume of alcohol was added. This immediately pro- 
duced a bright yellow, crystalline solid, which became white in 
less than two minutes; it was separated, washed, and air-dried. 
(The wash-water was bright yellow and on the addition of alcohol 
again deposited white particles.) When dry, the white product 
assumed a pale buff colour [Found: NH, = 11°54; Cu = 27°25 (as 
Cu,S), 27°09 (as CuO); S,0, = 58°34, 58°34; residue after heat- 
ing =,34-12. 3(NH,),S,0,2Cu,S,03,H,O requires NH, = 11-49; 
Cu = 27-02; S,0, = 59-57; residue on heating = 33-83 per cent.]. 

These figures indicate triammonium dicuprous thiosulphate. 


The proportions in which the solutions were mixed were, as in all 
x x*2 
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previous cases here cited, such as to favour the production of a 
double salt in eguimolecular ratio. This salt appears to resemble 
the former white salt in crystallising with 1 molecule of water, 
The residue after strongly heating is pure cuprous sulphide. The 
filtrate from the separated salt contains ammonium tetrathionate. 


Formation of Pentathionic Acid. 


When copper chloride, sulphate or nitrate, is treated with excess 
of sodium thiosulphate in presence of any mineral acid, there is 
evidence to show that pentathionic acid is produced and remains 
in solution after cuprous sulphide and excess of sulphur have been 
thrown out by boiling. This must be due to interaction between 
sodium tetrathionate, sodium thiosulphate, and the mineral acid: 
Na,§,0, + Na,S,0, + 4HA’ = H,S,;0, + 4NaA’ + H,O + SO, 
The tests applied, which were those tabulated by Tamakatsu and 
Smith (T., 1880, 37, 608) and by Debus (T., 1888, 53, 297), gave 
positive results with the solutions here considered and also with 
mixtures prepared by adding sodium thiosulphate and acids to 
sodium tetrathionate, prepared from sodium thiosulphate and 
iodine (von Klobukow, Ber., 1885, 18, 1871). 

Tests which Differentiate Pentathionice Acid from Colloidal Sulphur. 
—It is well known that certain chemists have been sceptical as 
to the existence of pentathionic acid. The literature up to 1887 
was summarised by Debus (loc. cit.) and since then further papers 
have appeared from Berthelot, Spring, Hertlein, Lang and Carson, 
Valeton, Casolari, Maclaurin, W. Fell, and recently a longer paper 
by Riesenfeld and G, W. Fell (Z. anorg. Chem., 1921, 119, 252). 
Among thirty authors, four only are sceptical, namely, Spring, 
Curtius, Pfeiffer, and Valeton. Valeton (Chem. Weekblad, 1907, 
4, 553) states that colloidal sulphur gives all the tests usually 
ascribed to pentathionates. We have confirmed this statement 
in so far as the following tests are concerned, which may be termed 
the “ positive ” tests of Debus : 


1. Ammoniacal silver nitrate: immediate darkening (due to 
Ag,S). 

2. Caustic potash : immediate deposition of sulphur. 

3. Ammonia alone: less rapid deposition of sulphur. 

4. Ammonia containing H,S: immediate deposition of sulphur. 

5. Mercurie cyanide in aqueous ammonia: black precipitate 
forming slowly in the cold, rapidly on warming. 


All these tests were equally successful with pentathionic acid (in 
presence of a trace of hydrochloric acid) and with colloidal sulphur 
prepared according to Svedberg (Z. Chem. Ind. Kolloide, 1909, 
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4, 49) (a concentrated solution of sodium thiosulphate is slowly 
added to concentrated sulphuric acid, the temperature being kept 
below 25°, and the precipitated sulphur is repeatedly centrifuged, 
separated, dissolved in water, reprecipitated by sodium chloride, 
and finally dissolved in pure water). 

Among the “ negative ” tests given by Debus are: pentathionic 
acid gives no precipitate with HCl, CuCl,, FeCl,, CuAc,, CuSO,, or 
(o(NOs),. We found this to be the case, but each of the above 
reagents gave an immediate precipitate of sulphur when added 
to the colloidal solution. Comparative experiments were also 
made with a number of other salts. The most delicate was that 
with didymium chloride; the merest trace of the tervalent cation 
precipitated sulphur from the colloidal solution, but a considerable 
amount failed to have any effect on pentathionic acid. Penta- 
thionic acid, therefore, is unaffected by electrolytes provided the 
solution is not rendered alkaline, In this respect, it differs from 
colloidal sulphur. Another way to differentiate them is to boil 
each for a short time with hydrochloric acid and then apply Debus’s 
“positive” tests involving alkali. It will be found that penta- 
thionic acid responds to all the tests, and what was colloidal 
sulphur to none of them. 

The solution containing pentathionic acid used in the above 
experiments was obtained by adding 10 c.c. of 2N-hydrochloric 
acid to 10 c.c. of N-cupric chloride, followed by 20 c.c. of 2N- 
sodium thiosulphate, concentrating to half the volume, and filtering 
from cuprous sulphide, the last two operations being repeated after 
the addition of another 10 c.c. of 2N-hydrochloric acid; a clear, 
colourless, acid solution remained. Valeton’s statement may be 
modified by saying that pentathionic acid, when rendered alkaline, 
liberates colloidal sulphur. 

Relative Stability of Pentathionic Acid and its Salts ——Watson 
Smith (T., 1883, 43, 355) maintained that pentathionic acid is 
stable, but that its salts are not, since they readily decompose, 
yielding sulphur and tetrathionates. This difference between 
the acid and its salts was recognised by Debus (oc. cit.) and by 
other workers, including Riesenfeld and Fell (loc. cit.), who attempt 
to account for it on their theory, which involves “the hydrate 
of SO.” This is stable in acid solution and polymerises to produce 
pentathionic acid. The theory appears to be a variant of Debus’s 
hypothetical §,0,, which polymerises and then combines with 
water: 58,0, = 28,0; and H,O +S;0; = H,S;O0,. Our inter- 
pretation of the matter is simply that the molecule of pentathionic 
acid is fairly stable, whilst its possible anions are very unstable. 
The following observations bear out this view : 
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i. On several occasions it was noticed that perfectly clear filtrates 
in Wackenroder preparations were rendered turbid by addition of 
pure water (dilution favouring ionisation). 

ii. We find that any reagent that develops alkalinity immedi. 
ately precipitates sulphur from pentathionic acid (salt formation), 

iii. Solutions containing pentathionic acid in a slight excess of 
mineral acid slowly decompose in the cold with formation of 
sulphuric acid, deposition of sulphur, and evolution of sulphur 
dioxide, but in fairly concentrated mineral acid the solution may 
be boiled for several hours without separation of sulphur. 

The potassium and barium salts were prepared by Lewis (‘., 
1881, 39, 68), who found that the pure salts could be obtained 
from highly concentrated solution only, and Shaw (T., 1883, 43, 
351) obtained potassium pentathionate, apparently pure, only from 
his sixth and last crop of crystals. It seems to be a matter of great 
difficulty to obtain these simple pentathionates in the pure state. 

These results are all in keeping with the theory of ionic dis- 
sociation coupled with the assumption that HS,O,’ or 8,0,” (or 
both ions) is very unstable. 


Summary. 


1. Cupric salts are reduced at once to the cuprous state on 
adding excess of sodium thiosulphate. From normal or more 
concentrated solution, the yellow salt, 3Cu,S,03,2Na,8,0,,6H,0, 
crystallises out rapidly. Sodium tetrathionate is simultaneously 
produced. 

2. When copper nitrate is used, pure specimens of the yellow 
salt are obtained. With copper sulphate, the yellow salt contains 
3Cu,S0,,2Na,SO,,6H,O in solid solution. With copper chloride, 
the yellow salt soon gives place to the white salt, 

Cu,$,03,Na,8,03,H,0, 
which invariably contains Cu,Cl,,2NaCl,H,O in solid solution. 
The yellow salt in this case was found to be a mixture containing 
some of the white salt. 

3. The pure yellow salt is quite stable if kept dry and prepared 
perfectly free from adhering tetrathionate. When strongly heated, 
it yields cuprous sulphide and sodium sulphate, whilst sulphur, 
sulphur dioxide, and water are expelled. 

4. A white salt, 2Cu,S,0,,3(NH,).S,03,H,O, has been obtained 
from concentrated solutions containing copper nitrate and ammonium 
thiosulphate. 

5. When copper salts in presence of excess of thiosulphates are 
heated with mineral acids, cuprous sulphide is precipitated, but this 
precipitation is not complete even after prolonged boiling if hydro- 


THE SODIUM SALTS OF PHENOLPHTHALEIN. 1291 


chloric acid is employed. The reason for this appears to depend 
on the formation of the double chloride mentioned above, which 
cannot decompose into cuprous sulphide. The precipitation is 
complete if nitric acid is used, provided the acid concentration is 
less than N/2, and is complete with sulphuric acid, which should 
be fairly concentrated if any copper chloride is present. 

6. In the above circumstances, pentathionic acid is produced 
through the interaction of thiosulphate, tetrathionate, and mineral 
acid. 

7. We have examined previous work on pentathionice acid and 
its salts and have indicated some methods of differentiating penta- 
thionic acid from colloidal sulphur. We conclude that the molecule 
H,S,0, is stable, especially in presence of high concentration of 
hydrogen-ions, but that its salts are very unstable, because they 
tend to ionise, and we believe the anions HS,O,’ and 8,0,” to be 
very unstable. 
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CL.—The Sodium Salts of Phenolphthalein. 
By Henry Bassett and Puiiep HAton. 


THE cause of the colour changes observed with indicators on 
addition of acid or alkali is of great theoretical interest and practical 
importance, but it is still shrouded in obscurity. 

The first attempted explanation was due to Ostwald (“ Wissen- 
schaftlichen Grundlagen der Analyt. Chemie,” 1894, Ist ed.), 
who suggested that the free indicator, a very weak acid, was 
practically un-ionised, and had one colour, whilst the ions obtained 
from the alkali salt had another colour. The un-ionised alkali salt 
would have the same colour as the free indicator but, as it is 
nearly completely ionised in dilute solutions, a sharp colour 
change is obtained on addition of a small amount of alkali to a 
neutral solution of the indicator. Thus, to take the case of litmus 
and phenolphthalein as examples : 


Red litmus + NaOH (weak, un- —. Sodium litmusate + H,O (red, un- 
ionised acid) <—  ionised salt). 
Sodium litmusate = Blue litmus-ion + sodium-ion, 


Phenolphthalein + NaOH (colour- _. Sodium phenolphthalate + H,O 
less, un-ionised, weak acid) (colourless, un-ionised salt). 


Sodium phenolphthalate <—— Red phenolphthalein-ion +- sodium- 
ion. 


On addition of acid the colour changes are reversed, owing to 
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combination of the coloured ions with hydrogen-ion derived from 
the added acid and formation of the un-ionised indicator acid. 

The work of Hantzsch and other investigators has, however, 
shown that ionisation per se probably never gives rise to colour 
changes, and that when colour changes do occur in salt formation 
they are associated with some structural change in the molecules 
concerned. 

The free indicator has one structure and is either non-acid or 
only very feebly so, whilst the alkali salt is derived from an isomeric 
form of the indicator which is more strongly acid, but in the free 
condition is metastable. This acidic form of the indicator, its 
alkali salts, and its anion all have the colour shown by the alkaline 
solutions. In solution these possible forms are in equilibrium thus: 
Red neutral form of litmus — Blue litmus acid — Blue litmus anion +- H. 

10n. 
Colourless neutral form of _. Red phenolph- _, Red phenolphthalein- 
phenolphthalein ~~  thaleinacid ~~ _ ion + H-ion. 

Alkali shifts these equilibria from left to right, whilst acid shifts 
them in the opposite direction. 

In the case of indicators which are of a basic instead of acidic 
character precisely similar arguments to the above apply. 

In the case of phenolphthalein, the isomerism is between a 
benzenoid and a quinonoid form, the latter being red (Stieglitz, 
J. Amer. Chem. Soc., 1903, 25, 1112; see also Friedlander, Ber., 
1893, 26, 172; H. E. Armstrong, P., 1893, 9, 52). 


HO (ou 0 ae: 
7 a % Lactone. ‘re hr Quinone. 
C 
Free colourless phenolphthalein Red acidic form. 


(pseudo-acid),. 


The experimental evidence so far as it goes supports these views. 
Several methyl derivatives have been obtained. Thus Green and 
King (Ber., 1907, 40, 3724; P., 1907, 23, 228) obtained a mono- 
methyl ester crystallising in orange needles. It forms a violet-red 
solution in alkali hydroxides from which the unchanged methyl 
ester is obtained by immediate acidification, and phenolphthalein 
by postponed acidification. Formula I is attributed to this ester. 
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Haller and Guyot (Compt. rend., 1895, 120, 296) have prepared 
the colourless diethyl ester (II). The corresponding dimethyl ester 
was originally prepared by Baeyer (Annalen, 1880, 202, 36) and 
more fully investigated by Grande (Gazzetta, 1896, 26, i, 222; 
see also Herzig and Meyer, Ber., 1895, 28, 3258). 

Meyer and Marx (Ber., 1907, 40, 3603) obtained the isomeric 
diethyl ester (III) as intensely yellow crystals. The colourless 
monomethyl ester (IV), isomeric with the quinonoid ester (I), has 
been prepared by Meyer and Spengler (Ber., 1905, 38, 1318). In 
alkalis, it yields a faintly red solution, the colour of which is weaker 
the purer the ester (Green and King, Joc. cit.). The corresponding 
monoethyl ester was prepared by Grande (Ann. Chim. Farm., 1892, 
14, 331). The orange dimethyl ester corresponding to the yellow 
diethyl ester (III) was obtained by Green and King (loc. cit.), who 
found that it was insoluble in alkali. 

Phenolphthalein itself, its quinonoid monomethyl ester (I), and 
its lactonoid dimethyl ester (II) all form cinnabar-red additive 
compounds with hydrogen chloride, stannic chloride, and aluminium 
chloride, which are formulated as quinonoid oxonium salts by 
Meyer and Hantzsch (Ber., 1907, 40, 3479), thus : 


OHH \,,/t OF GHa = So: Aly 
$nC0,0-0H,” et el CO,Me: OH’ Nee ONG 


Double salt of SnCl, and Double salt of SnCl, and the quinonoid 
phenolphthalein. monomethyl ester of phenolphthalein, 


OMe:C oH Fou, saad 
SnCl O0CH, N=” Nal 
Double salt of SnCl, and the lactonoid dimethyl 
ester of phenolphthalein. 

Very similar compounds have been prepared from tetrabromo- 
phenolphthalein and from quinolphthalein (see, for instance, Meyer 
and Spengler, loc. cit.; Green and King, loc. cit.; Meyer and Marx, 
Ber., 1907, 40, 1437). 

It will be seen from the above résumé that the position with 
regard to the esters of phenolphthalein is fairly satisfactory, and 
explicable in terms of the usually accepted benzenoid—quinonoid 
isomerism of phenolphthalein. The position with regard to the 
alkali salts is very different, however. In the literature on the 


BASSETT AND HALTON : 


subject one comes across references to the solid red salts of phenol. 
phthalein, but on examination of the original papers no case of the 
isolation of a red salt could be found. Meyer and Marx (Ber, 
1908, 41, 244) evaporated solutions of phenolphthalein in sodium 
and potassium hydroxides, obtaining deep red, sticky masses, but 
were unable to obtain any salt in a crystalline state. Meyer and 
Spengler (Ber., 1908, 38, 1318) considered that they had proved that 
the red salt of phenolphthalein was the disodium salt by digesting 
20 c.c. of N-caustic soda solution with excess of phenolphthalein, 
removing the excess by filtration, and determining the ratio of sodium 
to phenolphthalein in the solution. This ratio they found to be that 
of two atoms of sodium to one molecule of phenolphthalein, and, 
overlooking the fact that since the latter behaves as a very weak 
acid there would be a large amount of hydrolysis in solution, they 
claimed to have proved that the red salt was the disodium salt. 
This so-called proof has been accepted by some investigators (for 
example, Acree and Slagle, Amer. Chem. J., 1909, 42, 115; Kober 
and Marshall, J. Amer. Chem. Soc., 1911, 33, 59), but it is clearly 
not valid. 

Oddo and Vassallo (Gazzetta, 1912, 42, ii, 204) claim to have 
obtained a red monopotassium salt of phenolphthalein by adding a 
hot saturated alcoholic solution of potassium hydroxide to a hot 
saturated alcoholic solution of phenolphthalein and leaving to 
stand for twenty-four hours in a vacuum. On repeating this 
experiment, using the quantities of materials stated in the paper, 
an abundant yield of small crystals was obtained. After separation 
from the red mother-liquor and washing with alcohol (as stated in 
the paper), the crystals were found to be white and not reddish- 
violet, as stated by Oddo and Vassallo. The crystals very rapidly 
absorbed moisture from the air, turning a pale pink. Under the 
microscope, they were seen to be colourless rhombs. On analysis, 
they were found to contain | atom of potassium to 1-007 molecules 
of phenolphthalein. 

Haller and Guyot (loc. cit.), by heating the colourless, lactonoid 
diethyl ester of phenolphthalein with alcoholic potash, obtained 
white needles of the salt CO,K*C,H,°C(C,H,-OEt),-OH. No 
analytical figures were given by them. Kober and Marshall (J. 
Amer. Chem. Soc., 1911, 33, 59, 1779) isolated colourless trisodium 
and tripotassium salts by concentrating saturated solutions of 
phenolphthalein in strong aqueous caustic soda and caustic 
potash. The formule CO,K-C,H,-C(C,H,OK),*OH,5H,O and 
CO,Na°C,H,°C(C,H,-ONa),-OH,6H,O are ascribed to these salts, 
but the method of isolation makes one feel some doubt about their 
actual composition, especially in respect to the amount of water of 
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crystallisation. The sodium salt is described as erystallising in 
thombohedra. Kober, Marshall, and Rosenfeld (J. Amer. Chem. 
Soc., 1912, 34, 1424) obtained the colourless monopotassium salt 
containing one molecule of water and one molecule of alcohol of 
crystallisation, CO,K*C,H,°C(C,H,°OH),*-OH,H,O,C,H,O, as. also 
the corresponding sodium salt. This was done by passing carbon 
dioxide into a solution of the tripotassium or trisodium salt in 
absolute alcohol, filtering the product, and precipitating with dry 
ether. They are described as forming colourless, hexagonal prisms 
with truncated ends. 

That excess of alkali decolorises red phenolphthalein solution is 
well known (Baeyer, Annalen, 1880, 202, 36). It seemed to support 
Ostwald’s view of the colour changes. The excess of sodium-ion, 
by throwing back the ionisation of the sodium salt of phenolphthalein, 
removed the red ions to which the colour was due. Green and 
Perkin (T., 1904, 85, 398) showed, however, that this explanation 
of the bleaching effect of excess alkali could not be correct, and for 
tworeasons. In the first place, the bleaching is a time phenomenon, 
and in the second place the decolorised solutions can be rendered 
neutral to litmus by careful addition of acetic acid in the cold 
without the colour returning. When this point is reached, it is 
found that alkali and phenolphthalein are present in solution in the 
proportions required for the monosodium or monopotassium salt. 

After standing for some time or more quickly by boiling, these so 
neutralised solutions again become coloured, and the remaining alkali 
can be titrated in the usual way. It is worthy of note that a precisely 
similar behaviour is shown by many other triphenylmethane dyes. 

Although these facts do not fit in with Ostwald’s theory, they are 
inno way opposed to the theory which ascribes the colour changes 
to tautomerism between a colourless, lactonoid form and a red, 
quinonoid form. The bleaching effect of excess of alkali would be 
due to the change 
CO,Na°C,H — 

*— * "Ne< 0 + NaOH —> 

ONa‘C,H,“  \—“% 

CO,Na‘C,H wihed 
“ "Soon ONa, 
ONa:C,H,” 
or possibly the change 


(0,Na-C,H a 
“Nad So + NaOH > 
HO-C,H,“  \—“% 
CO.Na-CHy 
(OH) = SONa, 
HO-C,H,” Nee 
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and it is quite likely that such an addition would be comparatively 
slow. On neutralisation with acetic acid in the cold, the phenolic 
sodium atoms would be displaced, leaving the colourless carboxylic 
salt. The latter then slowly loses water and yields the quinonoid 
salt. 

The present investigation was undertaken in the hope that a 
phase-rule study of the system phenolphthalein—caustic soda- 
water might throw considerable light on the whole question. In 
any case, it seemed the only way in which definite information 
could be obtained as to the sodium salts of phenolphthalein which 
actually exist. It is rather remarkable, in fact, that no such 
examination of an indicator—alkali-water system (or, more generally, 
of a dye-alkali-water system) has so far been made. 

The system is a three-component one, and has been studied at a 
temperature of 25°. The most striking result of the investigation 
is that a red sodium salt is apparently incapable of existing as a 
solid phase in contact with solution at this temperature. All the 
salts obtained are colourless. They are respectively (a) two mono- 
sodium salts with four and eight molecules of water of crystallis- 
ation; (b) three disodium salts, of which one is anhydrous and the 
other two contain 4 and 8 molecules of water, respectively; (c) 
four trisodium salts with 6, 12, 13, and 14 molecules of water of 
crystallisation. 

All the trisodium salt hydrates are stable over definite ranges of 
concentration at 25°, but of the disodium compounds only the 
octahydrate is stable, the other two being metastable. Of the two 
monosodium salts, only the tetrahydrate is stable. The results are 
perfectly sharp and definite, as can be seen from the annexed 
triangular and rectangular diagrams. The existence of a crystalline, 
anhydrous disodium salt is of considerable importance. Such a 
salt could only be either 

C,H, C,H,;ONa C,H,:0 
60-07 C<C/HyONa OF COnNaCgHyC<o ona’ 


and as it is colourless it must be regarded as the diphenolic 
salt. This makes it highly probable that the two hydrated 
forms of the disodium salt also have the phenolic structure. For 
the trisodium salt, there is only one possible structure, namely, 
CO,Na‘C,H,C(C,H,ONa),"OH, but two monosodium salts are 


possible and they are 

gH C,H, ONa 
CO,Na°C,H,°C(C,H,°OH),-OH and (V.-) 00° C§<c H-OH * 
6t*4 


There can be little question that the colourless monosodium salt 
obtained in solution by neutralisation of the colourless solutions of 
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the trisodium salt with acetic acid is the carboxylic salt and it 
follows from this that the acid CO,H’C,H,°C(C,H,-OH),-OH 
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js, as regards the carboxylic hydrogen, probably a stronger acid 
than acetic acid. In all probability, however, the solid hydrated 
monosodium salts which have been obtained in the present investig- 


ation have the phenolic structure (V). 
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CuRVE AND SoLtip PuHase.—AB, Phenolphthalein; BC, Mono-sodium salt 
+4H,O; DE, Mono-sodium salt +8H,0; CF, Di-sodium salt +8H,0O; GH, 
Di-sodium salt +4H,O; IJ, Di-sodium salt (anhydrous); FK, Tri-sodium salt 
+14H,0O; KL, Tri-sodium salt +-13H,0; LM, T'ri-sodium salt +12H,O; MN, 


Tri-sodium salt +6H,0. 
It might at first be thought that this follows from the enormous 


extent to which they are apparently hydrolysed in aqueous solution. 
A glance at the rectangular diagram will show how great this is. 
The three dotted lines on that diagram are drawn through points 
corresponding to solutions containing Na,O and phenolphthalein 


in proportions corresponding respectively to pure mono-, di-, and 
It will be seen that before the monosodium salt 


tri-sodium salts. 
can be separated as a solid phase the solution must contain nearly 
twice the proportion of alkali needed to form the monosodium salt. 
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Only in the case of the trisodium salt can a saturated solution be 
obtained which contains comparatively little more alkali than is 
stoicheiometrically required. This point, F, on the diagram 
corresponds to the presence of 32 molecules of sodium hydroxide 


to 1 molecule of phenolphthalein. It is worth noting, however, 


Fic. 2. 


Na,O 


CuRVE AND Soup PxHase.—AB, Phenolphthalein; BC, Mono-sodium salt 
+4H,0; DE, Mono-sodium salt +8H,0; CF, Di-sodium salt +8H,0; GH, 
Di-sodium salt +4H,0; IJ, Di-sodium salt (anhydrous) ; FK, Tri-sodium salt 
+14H,0O; KL, Tri-sodium salt +13H,0; LM, 7'ri-sodium salt +12H,0; MN, 
Tri-sodium salt +-6H,0. 


that in all cases the actual apparent hydrolysis is probably greater 
than appears from the diagrams, for in such concentrated solutions 
a great deal of the water may not be present as “ free ” water. 
Now it has been shown by Shields (Phil. Mag., 1893, [v], 35, 365) 
that even in decinormal solution sodium acetate is only hydrolysed 
to the extent of 0-008 per cent. at 25°, and, as is well known, there 
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is no difficulty in obtaining solutions of sodium acetate saturated 
with respect to the solid salt. Such solutions are faintly alkaline 
ram to litmus. Were the monosodium salts which separate from the 
cide alkaline phenolphthalein solutions actually carboxylic salts, such 
extensive hydrolysis as that apparently found would not be expected 
in view of the fact that the carboxylic acid is probably stronger than 
acetic acid for the reason given above. From the behaviour of 
strongly alkaline phenolphthalein solutions on titration with 
hydrochloric acid (see experimental part) it is highly probable that 
the carboxylic acid is much stronger than acetic acid. 

As pointed out at the end of the theoretical section of this paper, 
however, great caution is required in drawing any conclusions 
from the apparent extensive hydrolysis of the sodium salts. The 
chief reason for concluding that the solid colourless monosodium 
salt obtained really has the lactone phenolic structure is that it 
separates from solutions intermediate between those from which 
phenolphthalein itself separates and those from which the disodium 
salts separate : the former must be saturated with respect to the 
lactone phenolphthalein itself, and the latter with respect to its 
disodium salt. It almost follows from this that the intermediate 
solutions will be saturated with respect to the lactone phenolic 
monosalt. Although no red salt has been obtained in a solid state, 
it clearly exists in solution, and almost certainly has the tautomeric 
quinonoid structure. One must suppose that in the alkaline 
solutions there is an equilibrium between the coloured quinonoid 
salts, the colourless carboxylic salts, the colourless lactonoid salts, 
and free phenolphthalein both as lactone and as the red and the 
colourless carboxylic acid. Each of these will, in addition, be in 
equilibrium with its ions. Some or all of the compounds in this 
list will be present in any given solution in proportions depending 
on the concentration and temperature. 

The compounds thus concerned may be summarised as follows : 


C,H -salt 
A. 64 . f one mono-sa 
; 60-07 C(CoHs OH), and \ one di-salt 
All colourless. 
| one mono-salt * 
B. CO,H-C,H,°C(C,H,°OH),"OH and - one di-salt * 
one tri-salt 
All colourless. 
, ' ou coc CeHyOH . f one mono-salt * 
aa COE C<C5H*0 se \ one di-salt 
All coloured. 


* If all the acidic hydrogen atoms are not replaced by sodium, it is practic- 
ally certain that the carboxylic hydrogen will be one that is replaced. If this 
is not granted, then an additional salt becomes possible in the cases marked (*). 
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It will be seen that the conditions holding in alkaline phenol. 
phthalein solutions are very complex, especially in the region where 
the mono- or di-salts can separate as solid phases. It is not possible 
to say what proportions of the various compounds mentioned above 
are present in such solutions, but judging by the very deep red colour 
of the solutions in the mono-di-region they contain a large proportion 
of the quinonoid forms. The question has to be considered why such 
red salts do not separate in the solid form. What compound can 
separate from such a solution will depend on the magnitude of its 
solubility product and on the concentration in which it is present, 
both in ionised and un-ionised form in the solution. It must be 
assumed that the concentration of the quinonoid form is not 
sufficient for separation of the solid red salt from solution to be 
possible. Owing, moreover, to the complicated state of affairs in 
the alkaline solutions, care is necessary in drawing conclusions from 
the solubility curves as to the degree of hydrolysis of individual 
salts. The curves do show that the apparent hydrolysis is very 
great, but this apparent hydrolysis is a summation effect of several 
hydrolytic decompositions and other equilibria (such as between 
lactone and carboxylic or quinonoid forms). The use of phenol- 
phthalein as an indicator depends on this apparent large hydrolysis, 
which corresponds to apparent extreme weakness of the indicator 
acid. Most of the individuals concerned in the phenolphthalein 
equilibria may, however, be relatively strongly acidic. The chief 
function of the large excess of sodium hydroxide needed for a solu- 
tion to be in contact with any particular sodium salt may be not so 
much to repress hydrolysis as to supply a sufficient concentration 
of sodium-ions for the solubility product of the particular salt to be 
reached. 

EXPERIMENTAL. 


Mixtures of phenolphthalein with solutions of caustic soda of 
varying strengths were made up so that in each case a liquid and a 
solid phase were obtained. Freshly boiled, distilled water was 
used in all cases. The weak solutions of caustic soda were made 
by Cornog’s method (J. Amer. Chem. Soc., 1921, 43, 2573). A 
known volume of water was placed in a glass bottle, covered with a 
layer of ether about 2 cm. deep, and a known weight of sodium 
dropped in piece by piece. After solution of the sodium, the 
major part of the ether was removed with a pipette, and the last 
traces were driven off by heating on a water-bath. The necessary 
amount of phenolphthalein was then added and the tightly fitting 
stopper placed in position and fastened down with string and wax. 

The stronger solutions of caustic soda were made by placing a 
known weight of sodium in a platinum crucible, which was supported 
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on a triangle in a desiccator containing water. On exhausting the 
desiccator with a water-pump, the sodium gradually dissolved. 
Any further water required to make up the solution of the required 
strength was then added. The solution together with the necessary 
amount of phenolphthalein was placed in a cerasin wax bottle, the 
lid of which was then sealed on. Great accuracy had to be used in 
making up the contents of the bottles when it was desired to obtain 
points in any special region of the system. The bottles were rotated 
in a thermostat, kept at 25°, in such a way that the contents were 
well shaken. 

After being in the thermostat for not less than three days, which 
time was found sufficient for the attainment of equilibrium between 
solid and solution, the bottles were opened and the solid and liquid 
separated and analysed. 

In most cases, the liquid was filtered off, but in the case where the 
anhydrous disodium salt was obtained as solid phase the liquid was 
too viscous for this, but as the solid was deposited in spherulitic 
growths on the sides of the containing vessel, the liquid was separated 
by decantation. The filtration was carried out in a simple apparatus 
below the surface of the water in the thermostat in order to prevent 
cooling. With some of the more viscous solutions many hours 
were needed to obtain sufficient liquid for analysis, so that such a 
precaution was absolutely essential. A so-called “oil bottle” 
which has a cup-like expansion above the neck was fitted with a 
two-holed rubber bung. Through one hole passed a glass tube for 
use in exhausting the bottle. Through the other passed the stem 
of a wide glass tube filtering funnel, which was fitted with a perforated 
porcelain disk and a dry asbestos filtering pad. Mercury was 
placed in the cup of the bottle so as to make a water-tight seal, and 
the apparatus held immersed in the thermostat by a clamp on the 
upper part of the filtering tube. Some of the mixture to be filtered 
was rapidly transferred to the filter tube, which was then tightly 
corked to exclude carbon dioxide, and gentle suction was applied 
by means of the water-pump. The clear filtrate was caught in a 
weighed test-tube placed in the oil bottle, whilst the moist solid 
was removed from the filter tube by means of a long spatula and 
transferred to a weighing bottle. The analyses were carried out as 
follows. Weighed amounts of solution or moist solid were placed 
in beakers together with water and heated to boiling, standard 
hydrochloric acid being added until the colour was discharged. 
The amount of acid used gave the percentage of soda. The phenol- 
phthalein, which separated out in a crystalline state, was collected 
on a Gooch crucible, well washed, and dried in a steam-oven to 
constant weight. In some cases, the precipitated phenolphthalein 
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was slightly discoloured owing to the presence of traces of 
(apparently) oxidation products. It was found that the titration 
with acid could not be satisfactorily performed in the cold. In that 
case, the colour disappeared but was restored on standing or heating. 
By adding more acid, the colour was again discharged, and on repeat- 
ing the process at intervals the same end-point was eventually 
reached as by the hot titration method. The behaviour was 
analogous to that observed by Green and Perkin with acetic acid 
(loc. cit.) and is due to the formation of the colourless monosodium 
carboxylic salt. It indicates what a comparatively strong acid 
the carboxylic acid must be. 

The moist solids were always examined under the microscope. 
In most cases, it was easy to see that the solid was colourless. In 
others, where the solution was very deeply coloured and very 
viscous, it was more difficult. Even in such cases, however, isolated 
crystals in air bubbles or round the edges of the slide were seen to 
be definitely colourless. No coloured salt was obtained. 

The monosodium salt with 4H,O was seen to be in the form of 
short, rhombic prisms, whilst the octahydrate formed long, rhombic 
prisms. The anhydrous disodium salt was obtained in colourless, 
spherulitic growths on the sides of the glass bottle. The tetra- 
hydrated disodium salt and the trisodium salts with 14, 13, and 12 
molecules of water of crystallisation occurred as stumpy, rhombic 
prisms, whilst the disodium salt with 8H,O, and the hexahydrated 
trisodium salt occurred in long, needle-shaped .crystals. In all 
cases, the crystals were very small. 

The compositions of the solids and equilibrium solutions analysed 
are given in the table and are expressed in terms of H,0, 
Na,O, and Cy 9H,,0, (the anhydride of phenolphthalein), the water 
of course being obtained by difference. 

The percentage compositions of the equilibrium solutions and of 
the corresponding moist solids have been plotted in triangular 
co-ordinates, and the formule of the corresponding dry solids 
are obtained at once from the diagram by Schreinemakers’s well- 
known method. This is the only sure way of determining the 
nature of the solids in a dry state in most cases. The compositions 
of the solutions have also been plotted in rectangular co-ordinates, 
as the diagram so obtained is in some ways easier to follow. It will 
be seen from the diagrams that the solubility of phenolphthalein 
increases rapidly with increasing concentration of sodium hydroxide. 
So also do the colour and the viscosity of the solutions. Solutions in 
equilibria with solid phenolphthalein contain slightly less than 2 
molecules of caustic soda per molecule of dissolved phenolphthalein. 
At a concentration of 33-2 per cent. of phenolphthalein anhydride 
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of TABLE. 
on Composition of phases in the system phenolphthalein-sodium 
at hydroxide—water at 25°. 
ig, Liquid phase. Moist solid phase. 
it Phenol- : Phenol- 
ly phthalein phthalein 
as Na,O. anhydride. H,0. Na,O. anhydride. H,0O. 
id Percent. Per cent. Per cent. Per cent. Per cent. Per cent. 
m Solid phase : Phenolphthalein (curve AB on diagrams). 

id 0-58 2-90 96-58 0:30 79-56 20-15 
1 2-71 13-74 83-54 1-15 84-67 14-18 
4-25 22-43 73°31 1-61 68-90 29-49 
e 6-11 31-96 61-91 2-45 69-28 28-26 
n Solid phase: Monosodium salt + 8H,O (curve DE on diagrams). 

7 6-95 36-06 56-99 6:97 55-08 37:95 
y 7-48 37-73 54-79 6-77 58-21 35-02 
cd 8-32 41-16 50-52 7-41 53-55 39-04 
0 Solid phase: Monosodium salt + 4H,O (curve BC on diagrams). 

6-78 33°34 59-88 6-33 47-74 45-93 
f 9-31 37-36 53-33 8:58 52-16 39-26 
9-88 41-45 48-67 9-30 49-77 40-93 
c 10-06 44-06 45-88 9-56 49-63 40-81 
sy Solid phase: Disodium salt, anhydrous (curve IJ). 
° 11-00 45-55 43-45 11-17 46-77 42-06 
) 12°31 40-16 47-53 12-56 43-42 44-02 
2 Solid phase: Disodium salt + 4H,O (curve GH). 
l 11-67 37-79 50-54 12-51 45-19 42-30 
11-98 34-68 53-34 12-46 43-69 43-85 
Solid phase: Disodium salt -+- 8H,O (curve CF). 
9-97 38°42 51-61 10-93 42-45 46-62 
| 10-17 33-72 56-11 11-17 47-42 41-41 
Solid phase: Trisodium salt -+- 14H,O (curve FK). 
10-24 31-00 58-76 13-25 41-16 45-59 
10°37 27-89 61-76 12-38 38°87 48-73 
11-34 25-03 63-62 12-97 38-68 48-35 
12-69 23-28 64-03 13-20 32-63 54-17 
Solid phase: Trisodium salt -- 13H,O (curve KT). 
13-73 20-51 65-76 14-23 40:59 45-18 
14-29 16-91 68-80 14-46 46-01 39-53 
17-48 10°35 72:97 16-13 28-56 55-31 
Solid phase: Trisodium salt + 12H,O (curve LM). 
19-8 9-12 71-08 16-65 35-67 47-68 
20-32 4-28 75°39 17-49 31-69 50-79 
23°46 1:37 75-17 18-66 29-39 51-95 
25-42 0-86 73°72 20-33 25-40 54°27 
Solid phase: Trisodium salt -- 6H,O (curve MN). 
27-01 0-11 72-88 25-04 13-16 61-80 
28-03 0-0 71-97 26-37 10-89 62-74 
30°74 0-0 69-26 28°32 11-48 60-20 
37-44 0-23 62-56 31-47 17-93 50-60 
* 39-88 0-0 60-12 46-97 6°37 46-66 
* Solid phase—mixture of trisodium salt hexahydrate and NaOH,H,0. 
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and 6:3 per cent. of Na,O the solubility curve of phenolphthalein 
cuts the curve of the monosodium tetrahydrate, which is the stable 
solid phase until a concentration of 44-06 per cent. of phenolphthalein 
anhydride and 10-06 per cent. of Na,O is reached, when the disodium 
salt with eight molecules of water of crystallisation begins to 
separate. From this point, the solutions become weaker and weaker 
with respect to phenolphthalein as the content of alkali increases, 
whilst the colour gradually gets weaker. At 32-1 percent. of phenol. 
phthalein anhydride and 10-5 per cent. of Na,O the trisodium 
salt with 14 molecules of water becomes the stable solid phase. At 
successively greater Na,O-concentrations, the 13-, 12-, and 6. 
hydrates of the trisodium salt become the stable phases until, at 
39°88 per cent. of Na,O, the solution, which contains the merest 
trace of phenolphthalein, is saturated with respect to a mixture cf 
the hexahydrated trisodium salt and the monohydrate of sodium 
hydroxide, NaQH,H,O. The saturated solution of NaOH,H,O in 
pure water at 25° contains 41-2 per cent. of Na,O (Pickering, T. 
1893, 63, 890). As will be seen from the diagrams, the monosodium 
salt with 8H,O and the anhydrous disodium salt, as well as its tetra. 
hydrate, are metastable phases. 


Summary. 


A phase-rule study of the system phenolphthalein—caustic soda- 
water has been made at 25°. 

A number of crystalline sodium salts have been obtained, all of 
which are colourless. These are, two hydrated forms of a monc- 
sodium salt, a disodium salt in the anhydrous form and as two 
different hydrates, and four different hydrates of the trisodium 
salt. 

The nature of the solid salts and of the solutions is discussed. 
None of the facts observed is opposed to the theory of benzenoid- 
quinonoid tautomerism of phenolphthalein derivatives. 
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CLIL.—The so-called Pre-pressuré Interval in Gaseous 
Explosions. 


By Joun Davin Morean. 


WHEN an explosive gaseous mixture, contained in a closed vessel, 
is ignited by an electric spark, and records are made of the passage 
of the spark and of the rise of explosion pressure, it is found that 
the commencement of rise of pressure occurs, not simultaneously 
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with the passage of the igniting spark, but later, the two events 
being separated by a relatively large interval of time. This fact 
is well known (Bairstow and Alexander, Proc. Roy. Soc., 1905, [A], 
16, 340; Wheeler, T., 1918, 113, 840; Morgan, Engineering, 1919, 
535; David, Engineering, 1922, 791; Woodbury, Lewis, and 
Canby, J. Soc. Automotive Engineers, U.S.A., 1921, 8, No. 3; 
Payman, ‘‘ Fuel in Science and Practice,” March, 1922), and the 
interval is usually referred to as the no-pressure or pre-pressure 
interval. A typical pressure—-time diagram is shown in Fig. 1. 

That the flame originates with the passage of the spark has 
been definitely established (Morgan, loc. cit.) and it has been shown 
by Wheeler (oc. cit.) and by Woodbury, Lewis, and Canby ((oc. cit.) 
that before any indication of pressure occurs the flame has advanced 
through a considerable volume of the gas. 

It has been suggested that the so-called pre-pressure interval 
isan apparent effect due to insufficient sensitiveness of the pressure 


Fic. 1. 


© 
= 
% 
gy 
» 
~ 
Q 


it 

a 

0:004 sec. Time. 
indicator, and some evidence has been adduced to show that the 
interval can be attributed at least in part to the indicator (Morgan, 
lo. cit.). Arguing from established facts relating to the inflam- 
mation of gaseous mixtures in a closed vessel, Payman concludes 
that the term “ pre-pressure”’ interval is a misnomer, “since 
during a considerable proportion of this period the pressure is 
actually increasing ’’ (Payman, op. cit.). 

The question as to whether or not the pre-pressure interval is 
areal effect associated with the explosion is of some importance. 
For example, in assigning an algebraic expression to the rising part 
of the pressure curve it is necessary to know whether the origin 
should be taken at the instant of passage of the spark or at the 
apparent commencement of pressure on the diagram. 

A recent re-examination of the question leads to the conclusion 
that the pre-pressure interval, as ordinarily observed, is due 
mainly to the indicator. That some interval must occur between 
the passage of the spark and the first indication of pressure is 
evident, as the rate of travel of a pressure pulse is finite. This 
interval is, however, much smaller than the one under consideration. 


a 
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The means employed in the investigation are shown in Fig. 2. 
An explosion chamber, a, is fitted with an igniting spark gap, b, in 
series with a small gap, c, formed between a needle point and a 
smoked paper strip on an earthed metal drum, d. The spark at 
6 is produced by a small induction coil, e, when the primary circuit 
of that coil is opened, and simultaneously a spark occurs at ¢, 


Fia. 2. 


making a small mark on the smoked strip. A hole in one side of 
the explosion chamber communicates with a contact breaker 
carried on a slide, f. This contact breaker consists of a small 
and very light silver disk, g (3 inch in diameter), supported on a 
pair of contact pegs, 4, and arranged to lean against the outer 
face of an insulated contact piece 7. The parts A and i are con- 
nected to the primary of another induction coil, 7, the secondary 
of which is connected to a second spark gap, k, at the drum. A 
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condenser is arranged across the contacts h, ¢ to suppress sparking 
at the disk, and a variable resistance and an ammeter are provided 
ina primary circuit, so that, if necessary, the current prior to each 
experiment can be adjusted to a predetermined amount. 

After the slide has been moved downwards to cover the hole in 
the explosion chamber the latter is exhausted, and a charge of 
previously prepared gas mixture is admitted. The slide is then 
returned until the contact breaker disk is opposite the hole, and 
the gas is ignited by a spark at b. A record of this spark is made 
by the simultaneous spark at c. As soon as the pressure pulse 
due to the development of flame reaches the contact breaker disk, 
it blows the disk away, and by interrupting the primary current 
in the coil, 7, causes a recording spark to occur at the second gap, k. 
Thus two records are obtained, one corresponding to the passage 
of the igniting spark and the other to the attainment of sufficient 
explosion pressure to displace the contact breaker disk. 

The device is extremely sensitive, and it was found that the 
pressure pulse due solely to the passage of the igniting spark was 
sufficient to operate the disk. Consequently the explosion chamber 
had to be inclined sufficiently to allow the weight of the disk to 
counteract the effect of the igniting spark. 

Before any significance could be attached to the time interval 
between the two spark records obtained on the smoked strip, it 
was necessary to measure the time lag in the operation of the coil 7 
controlled by the contact breaker disk. This was found to be 
negligible. The time taken for the pressure pulse to travel from 
the region of the igniting spark to the disk (a distance of 1-5 inches) 
was also negligible. 

Using a mixture containing 25 per cent. of coal gas (Birmingham), 
the time interval between the two recording sparks was found to 
be 0-0005 sec. 

The next step in the investigation was to obtain a normal 
pressure—time diagram with the same gas mixture. A small 
explosion chamber was fitted with an indicator of the diaphragm 
type and with an igniting spark gap situated 2 inches away from 
the diaphragm ; it was not possible in the second explosion apparatus 
to arrange the spark gap at the same distance from the diaphragm 
as that separating the spark gap and disk in the first experiments, 
but the effect due to the difference of 0-5 inch is negligible. By 
arranging a recording spark gap in series with the igniting gap, 
a record of the passage of the igniting spark was obtained. The 
result is shown in Fig. 1, the duration of the pre-pressure interval 
being 0-004 sec. 

Comparing the results of the two experiments, it will be seen 
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that 87-5 per cent. of the pre-pressure interval in the pressure- 
time diagram is due to lack of sensitiveness in the indicator, 
Bearing in mind that the contact breaker disk in the first experi- 
ment had to be arranged to exert sufficient pressure to resist the 
pressure pulse due to the igniting spark, it is reasonable to conclude 
that the pre-pressure interval shown in Fig. 1 is mainly an indicator 
effect. It follows that the true origin of the pressure curve is 
separated from the instant of passage of the igniting spark by an 
interval not greater than that required for a pressure pulse to 
travel from the region of the spark to the indicator. 


THe Marks AND CLERK LABORATORY, 
BIRMINGHAM. [Recetved, April 27th, 1923.] 


CLII.—Substitution in the Pyrazole Series. Halogen 
Derivatives of 3: 5-Dimethylpyrazole. 


By Gitpert T. Morean and IstporRE ACKERMAN, 


THE amino-derivatives of the pyrazole series resemble aromatic 
amines in regard to the diazo-reaction, and an earlier investigation 
has demonstrated the exceptionally stable character of the di- 
azonium salts from 4-amino-3 : 5-dimethylpyrazole (Morgan and 
Reilly, T., 1914, 105, 430). An attempt has now been made to 
employ these diazo-derivatives as synthetic agents in the production 
of substitution derivatives of 3: 5-dimethylpyrazole. The results, 
however, are disappointing, for although iodine can be introduced 
into the pyrazole nucleus through the agency of diazonium salts 
the yield of 4-iodo-3 : 5-dimethylpyrazole is much less than by direct 
iodination. 

3 : 5-Dimethylpyrazole-4-sulphonic acid is readily produced by 
direct sulphonation, whereas the Gattermann diazo-process does 
not lead to a smooth replacement of the diazonium complex by a 
sulphinic radicle. 

The halogen substitution products of 3 : 5-dimethylpyrazole 
are obtained with remarkable facility by direct halogenation. 

Iodination occurs much more readily than in the benzene series, 
for when 3: 5-dimethylpyrazole hydrochloride is treated with 
iodine chloride hydrochloride the initial product is 4-todo-3 : 5- 
dimethylpyrazole iodochloride hydrochloride (I), a very reactive 
compound which, easily losing its addenda, passes into 4-todo- 
3 : 5-dimethylpyrazole (11), a substance which is also obtained directly 
from 3 : 5-dimethylpyrazole in quantitative yield by the action of 
aqueous potassium periodide in the presence of sodium acetate. 


en 
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N= N==(Me 
“Cl 


a 


N=-¢Me N=-(Me (uu. 

Ma.) XaNB< vr erer " NES OMe: oe mdse 

The iodo-derivative is a highly reactive compound yielding a 
dichloride or dibromide (formula IIIa or IIIb, where X = Cl or 
Br). Owing to the two foci of unsaturation, the iodine atom and the 
imino-group, it is impossible to decide with certainty between the 
two formulae for these additive products. All attempts to convert 
the iodo-dichloride into iodoso- and iodoxy-derivatives failed, and 
consequently it was not found possible to obtain iodinium bases of 
the pyrazole series. 

4-Iodo-3 : 5-dimethylpyrazole (II) has distinctly basic properties, 
for it can be acylated giving the acetyl or benzoyl derivative, and it 
yields such characteristic double salts as the chloroaurate (IV) and 
chloroplatinate (V). 


(Me= N CMe—N 
av.) bs CMe> NAG... .|Aucl, | dt:cme> NEE : | <PECl,(V) 


During various attempts made to prepare iodoxydimethylpyrazole 
by oxidising the iodine substituent in 4-iodo-3 : 5-dimethylpyrazole, 
it was noticed that the methyl groups were first attacked, the 
iodine being left unchanged. The following oxidation products 
were identified : 


N. ==¢- ‘CO,H N=C- ‘CO,H on ng 
HN<oerdr AN<oH: CT HN Cai 
(VI.) (VII.) (VIII.) 


4-Iodo-3-methylpyrazole-5-carboxylic acid (VI) is obtained with 
neutral permanganate whereas 4-iodopyrazole-3 or 5-carboxylic acid 
(VII) and 4-iodo-3-methylpyrazole (VIII) are produced with alkaline 
permanganate, their formation being due to a complete removal by 
oxidation of one methyl group (compare Knorr, Annalen, 1894, 
279, 218; Marchetti, Gazzetta, 1892, 22, [ii], 363; Rottenberg, 
Ber., 1894, 27, 1097). 
Chlorination and bromination of 3 : 5-dimethylpyrazole take place 
quite readily in en solution. 
Me . Me 
CMe: estas NE< Oye: :CBr 
It is noteworthy that 4-bromo-3 : 5-dimethylpyrazole (X) retains 


the basic properties of the unsubstituted pyrazole; it yields an 
VOL. CXXIII. bald 


(TX.) Br,NH< (X.) 


1310 MORGAN AND ACKERMAN : 


acetyl and a benzoyl derivative and forms well-defined, crystalline 
salts, such as the hydrobromide and chloroaurate. An orange 
perbromide (IX) is produced when bromine is added to 3: 5-di- 
methylpyrazole, dissolved in hydrochloric acid. The constitution 
of this substance is, however, open to the same uncertainty as that 
indicated in the case of the dichloride and dibromide of 4-iodo- 
3 : 5-dimethylpyrazole, but the evidence is rather in support of the 
view that the active bromine is associated with nitrogen rather than 
with the bromo-substituent. Similar perbromides have already been 
noticed in the pyrazole series (Sjollema, Annalen, 1894, 279, 248) 
and among tetrahydronaphthalene derivatives (Morgan, Mickle. 
thwait, and Winfield, T., 1904, 85, 736). 


3 : 5-Dimethylpyrazole-4-azo-B-diketones. 


In studying the reactions of 3 : 5-dimethylpyrazole-4-diazonium 
chloride it was found that this non-aromatic diazo-derivative 
would couple with those $-diketones and 8-keto-esters which contain 
potentially the group CO’CH,°CO, but would not condense with 
those substituted 8-diketones and @-keto-esters containing the group 
CO-CHX:CO. This result suggests that the condensation products 
are tautomeric substances having the hydrazone structure (XJ), 
whereas in alkaline solution they have an enolic constitution, yielding 
red sodium salts and developing intense red colorations with ferric 
chloride. 


N—CMe COMe N—CMe ACMe:0H 
NH-CMe >C:NHN: C<cox = wtHcMe D>C:N:N: C<cox 
(XI.) (XII.) 
X=CHs3, C.H;, or OC,H; 


Recent researches on the $-diketones (this vol., p. 445) indicate, 
however, that in certain conditions enolisation may occur by 
migration of hydrogen from a terminal methyl group, and in this 
contingency the development of enolic properties would not be an 
indication of the presence of the azo-phase (XII). 


EXPERIMENTAL. 
4-Amino-3 : 5-dimethylpyrazole. 

3: 5-Dimethylpyrazole (m. p. 106°5°), the starting point in this 
research, was prepared from acetylacetone and hydrazine sulphate 
by Rosengarten’s method (Annalen, 1894, 279, 237), the yield with 
purified reagents being theoretical. The nitration of 3 : 5-dimethy]- 
pyrazole formerly carried out with fuming nitric acid (Morgan and 
Reilly, T., 1914, 105, 430) often proved to be uncontrollable, leading 
to tarry products; it was improved by using the process adopted 
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in preparing 4-nitro-3 : 5-dimethylisooxazole (Morgan and Burgess, 
T., 1921, 119, 699). Six c.c. of nitric acid (d 1°42) were slowly 
added at 0° to 10 c.c. of sulphuric acid (d 1°84) containing 5 grams 
of dissolved 3 : 5-dimethylpyrazole, when the colour of the solution 
changed from intense to light yellow; a further 20 c.c. of concen- 
trated sulphuric acid were added, the mixture was left over-night 
and heated on the water-bath for three to four hours until red fumes 
were no longer evolved. The nitration mixture, poured on to ice, 
was either extracted repeatedly with ether to remove the dissolved 
nitro-compound or the latter was precipitated in colourless needles 
on neutralising the acid with sodium hydroxide. The ethereal 
extract also yielded these needles, which, after recrystallisation 
from water, melted at 126°. The yield by either procedure was 
practically quantitative and the cheaper precipitation by alkali was 
generally employed. 

The foregoing nitro-compound was reduced to 4-amino-3: 5- 
dimethylpyrazole dihydrochloride by tin and hydrochloric acid 
(Morgan and Reilly, loc. cit.), the yield being 77 per cent. of the calcu- 
lated amount, but a quicker method of obtaining the free base in 
85 per cent. yield was achieved by the process used in the preparation 
of 4-amino-3 : 5-dimethylisooxazole (Morgan and Burgess, loc. cit.). 
Seven grams of the nitro-compound, dissolved in 100 c.c. of moist 
ether, were reduced completely by adding a large excess of amalga- 
mated aluminium foil. A vigorous reaction ensued, the containing 
flask being cooled; the solvent was subsequently distilled off and 
the residue of amine and aluminium hydroxide extracted with 
boiling alcohol, 4-amino-3 : 5-dimethylpyrazole crystallising in 
colourless prisms from the concentrated extract. This base was 
characterised by its condensation products with aromatic aldehydes 
prepared by the same general method of heating the generators in 
dilute alcohol under reflux. These Schiff bases were soluble in 
organic solvents excepting light petroleum. 


Schiff base. Appearance. M. p. 
“juin : 5-dimethylpyr- Colourless needles. 139—140°. 
azole. 
[Found: N = 21-25. Calc., 21-10 per 
cent. | 
0-Nitrobenzylidene-4-amino-3 : 5-di- Greenish-yellow 101°. 
methylpyrazole. needles becoming 
[Found: N = 23-00. Calc., 22-95 per reddish-brown on 
cent.] exposure to light 
and air. 
m-Nitrobenzylidene-4-amino-3 : 5-di- Light yellow needles. 236°. 
methylpyrazole. 
(Found ; N = 23-11 per cent.] 
p-Nitrobenzylidene-4-amino-3 : 5-di- Golden-yellow 198°. 
methylpyrazole. needles. 


(Found : N = 23-15 per cent. ] 
yy2 
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The condensation between 4-amino-3 : 5-dimethylpyrazole and 
aqueous formaldehyde led to a more complex product which 
separated as a white powder insoluble in all organic solvents, 
charring gradually on heating but with no definite melting point 

. N==CMe 
below 300° (Found: N= 27:54, | HO-CHyN<(yposd.n: ‘CH, | 


requires N = 27°45 per cent.). 


Reactions of 3 : 5-Dimethylpyrazole-4-diazonium Chloride. 


All attempts failed to condense the exceptionally stable 3:5 
dimethylpyrazole-4-diazonium chloride (Morgan and Reilly, loc, 
cit.) with 4-amino-3 : 5-dimethylpyrazole; the expected diazoamine 
was not obtained even on varying considerably the experimental 
conditions. In the presence of aqueous sodium acetate this diazonium 
chloride coupled readily, however, with @-diketones and f-keto- 
esters containing the group CO-CH,°CO, but condensation did not 
occur with methylacetylacetone. The presence of two mobile 
hydrogen atoms appeared to be an essential condition for this 
reaction. 


Azo-derivative. Appearance. M. p. 

3 : 5-Dimethylpyrazole-4-azoacetylacetone. Golden-yellow 184° 
{[Found: N = 25-45. Cale., N = 25-23 needles. (decom- 

per cent. ] position). 
3 : 5-Dimethylpyrazole-4-azobenzoylacetone. Light yellow needles. 169—170° 
{[Found: N = 19-85. Cale., N = 19-72 (decom- 

per cent. ] position). 
Ethyl 3: 5-dimethylpyrazole-4-azoaceto- Orange-yellow 157°. 

acetate. crystals. 
(Found: N = 22:51. Calc., N = 22-22 

per cent.] 


These azo-derivatives gave red sodium salts which developed 
intense red colorations with ferric chloride, thus indicating the azo- 
enolic structure in alkaline solution. 


4-Iodo-3 : 5-dimethylpyrazole. 

1. From 4-Amino-3 : 5-dimethylpyrazole—A solution of 3:5- 
Senn enaae-S -sienneiin chloride prepared from 5 grams of 
4-amino-3 : 5-dimethylpyrazole dihydrochloride, 5 c.c. of concen- 
trated hydrochloric acid, 17 c.c. of water, and 2°1 grams of sodium 
nitrite was added to a boiling solution of 35 grams of potassium 
iodide in 50 c.c. of water, the mixture being warmed at 100° under 
reflux until nitrogen was no longer evolved. The solution, now 
containing a black oil, was made alkaline with sodium hydroxide, 
when a thick, white precipitate separated. The oil solidified on 
cooling; the total precipitate was shaken with sodium thiosulphate 
to remove iodine and dissolved in hot aqueous alcohol, this operation 
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being repeated until 4-iodo-3 : 5-dimethylpyrazole separated as an 
asbestos-like mass of flattened, feathery needles melting at 137°. 
This iodo-compound, which had a characteristic persistent odour 
resembling that of the halogenated phenols, was very insoluble in 
i,| cold but more soluble in hot water; it was dissolved by ordinary 
—— organic solvents, appreciably volatile in steam, and revealed a basic 
character by its ready solubility in aqueous acids (Found : N = 12°67; 
[= 57°37. C;H,N,I requires N = 12°61; I = 57°20 per cent.). 
| By the diazo-reaction the yield of this iodo-compound was never 
5 Bt nore than 60 per cent. of the calculated quantity and the product 


- was difficult to purify. 

_ 2. From 3 : 5-Dimethylpyrazole.—A solution of 15 grams of iodine 
om in concentrated aqueous potassium iodide was added to a boiling 
um Ff nixture of three grams of 3 : 5-dimethylpyrazole, 5 grams of sodium 
Bto- acetate, and 20 c.c. of water heated under reflux. The liquid assumed 
not Bt faint yellow colour and a colourless oil separated. On cooling, 
"4 the oil solidified and the solution became filled with a crystalline 
. precipitate of the icdo-derivative, which after one crystallisation 
from alcohol melted at 137°, the yield being quantitative (compare 

Bougault, J. Pharm., 1900, [vi], 11, 100). 
Another method for the direct introduction of iodine into 8 : 5- 

' dimethylpyrazole is described on p. 1315. 
0° Acetyl-4-iodo-3 : 5-dimethylpyrazole, obtained by mixing the iodo- 
) compound with cold acetic anhydride, crystallised from dilute 


alcohol in colourless, prismatic crystals melting at 62°5—63°5°. 

This acetyl compound, which was insoluble in water, dissolved 

in ordinary organic solvents (Found: N=1103; I = 48°6. 
ed | C7HyON,QI requires N = 10°61; I = 48°10 per cent.). 
Benzoyl-4-iodo-3 : 5-dimethylpyrazole, produced by mixing mole- 


A colar proportions of benzoyl] chloride and the iodopyrazole in ethereal 
solution, was deposited as a colourless, crystalline precipitate 
separating from alcohol in clusters of feathery needles melting 

5. at 82° (Found: N=865; I= 39-20. C,,.H,,ON,I requires 

of N = 8:59; I = 38°95 percent.). The two foregoing acy] derivatives 

y have characteristic odours. 

“ 4-Iodo-3 : 5-dimethylpyrazole chloroaurate (formula IV), an orange- 

as yellow, crystalline precipitate obtained from the iodo-compound 

ma and auric chloride in hydrochloric acid, melted at 174° (Found : 

vi Au = 34°89. C,;H,N,I,HAuCl, requires Au = 35:05 per cent.). 

le 4-Iodo-3 : 5-dimethylpyrazole chloroplatinate (formula V), a light 

ass orange-coloured, crystalline precipitate melting at 215—220°, 

die contained Pt = 22°78 [(C;H,N,I).,H,PtCl, requires Pt = 22°83 per 


cent.]. The foregoing complex salts, although sparingly soluble 
in water, dissolved readily in alcohol. 


1314 MORGAN AND ACKERMAN : 


Additive Compounds of 4-Iodo-3 : 5-dimethylpyrazole. 


1. 4-Iodo-3 : 5-dimethylpyrazole Dichloride (Formula IIIa or 6) — 
Dry chlorine was passed into a cooled chloroform solution (1 in 6) 
of the iodopyrazole until the solution assumed a yellow colour and 
solidified to a mass of yellow needles of the dichloride melting 
at 85—88° with previous softening. The product was very volatile 
at the ordinary temperature, the vapour being lachrymatory, 
The active chlorine present was estimated by liberation of iodine 
from potassium iodide. The results obtained with freshly prepared 
specimens were high, indicating a further addition of chlorine to the 
imino-group (Found : after two to three hours on a porous plate, 
Cl = 24:90, 24°88. C;H,N,ICl, requires Cl = 24:23 per cent.). 

The action of dilute aqueous sodium hydroxide on the dichloride 
was complicated and destructive and nothing corresponding with 
the aromatic iodoso-derivatives was isolated. The direct oxidation 
of 4-iodo-3 : 5-dimethylpyrazole to an iodoxy-derivative by Caro’s 
acid, acidified permanganate, or bleaching powder was attempted, 
but without success ; the iodo-compound either remained unchanged 
or was destroyed completely. 

4-lodo-3 : 5-dimethylpyrazole Dibromide (Formula IIIa or 6).— 
On adding successively bromine (1 mol.) and light petroleum to 
a chloroform solution of the iodo-compound (1 mol.), a precipitate 
consisting of brick-red needles was deposited. The product was 
volatile and lachrymatory and melted indefinitely at 78—81° to 
a deep viscid liquid; it liberated iodine from potassium iodide and 
was decomposed by moisture or cold alcohol (Found: Br = 40°48, 
40°84; N=751. C;H,N,IBr, requires Br = 41°86; N = 7:34 
per cent.). 

4-Iodo-3 : 5-dimethylpyrazole Iodochloride Hydrochloride (Formula 
I).—A solution of iodine chloride hydrochloride (Schiitzenberger, 
Compt. rend., 1877, 84, 389) was prepared by boiling under reflux 
5 grams of sodium nitrite, 5 grams of potassium iodide, and 20 c.c. 
of concentrated hydrochloric acid until red fumes ceased to be 
evolved. The brown solution was extracted with ether and the 
solvent removed, leaving an orange-red liquid, containing ICI,HCI, 
which was slowly added to 3 grams of 3: 5-dimethylpyrazole in 
10 c.c. of concentrated hydrochloric acid. The colour of the 
solution disappeared and a voluminous precipitate of yellow plates 
separated, melting sharply at 111° with frothing (Found : N = 6°72; 
active Cl = 7:56, 7°64; active I = 27:03, 27°32. C;H,NQJ.C 
requires N = 6°65; active Cl = 8-43; active I = 30°16 per cent.). 
The iodochloride hydrochloride was an unstable, very reactive 
substance hydrolysed by water, liberating iodine from potassium 
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iodide solution, and decomposing aqueous sodium thiosulphate 
with liberation of sulphur. It gave with starch the characteristic 
blue colour, and was converted quantitatively into 4-iodo-3 : 5- 
dimethylpyrazole (m. p. 137°) by the action of 10 per cent. aqueous 
sodium hydroxide, so that this decomposition gave a third method 
for preparing the iodo-derivative. 

When dissolved in cold alcohol containing a little water, the 
jodochloride hydrochloride changed slowly into 4-todo-3 : 5-di- 
methylpyrazole hydrochloride, which separated in long, colourless 
needles melting at 196° (Found: N = 10°81; I+ Cl = 62°96. 
(;H,N,I,HCl requires N = 10°83; I + Cl = 62°85 per cent.). 


Oxidation of 4-Iodo-3 : 5-dimethylpyrazole. 

Three grams of the iodo-compound were added to 4:3 grams of 
potassium permanganate and 5 grams of potassium hydroxide 
dissolved in 50 c.c. of water. Oxidation occurred even in the cold 
and the solution was completely decolorised on boiling. The 
filtrate from hydrated manganese oxides was acidified, when greyish- 
white 4-iodopyrazolecarboxylic acid (formula VII) was precipitated. 
This acid was odourless, amorphous, and insoluble in water or 
alcohol; it dissolved readily in alkalis. The melting point was 
indefinite from 70° onwards, the substance decomposing with 
frothing (Found: N =11-90; I = 52-91. C,H,O,N,I requires 
N= 11-77; I = 53-35 per cent.). 

The silver salt, C,H,O,N,1Ag, a white precipitate from silver 
nitrate and the acid in ammoniacal solution, gave Ag = 31-01 
(Cale., Ag = 31-30 per cent.). 

4-Iodo-3-(or 5-)methylpyrazole (formula VIII) a colourless base, 
was extracted by alcohol from the manganese oxide precipitate 
accompanied by a small amount of the unaltered 4-iodo-3: 5- 
dimethylpyrazole. The mixed bases were dissolved in concentrated 
hydrochloric acid and the solution was diluted with water, when 
4-iodo-3-(or 5-)methylpyrazole was deposited ; the higher homologue 
remaining in the filtrate was afterwards precipitated by alkalis. 

4-Iodo-3-(or 5-)methylpyrazole was redissolved in hydrochloric 
acid and reprecipitated by water and finally crystallised from dilute 
alcohol; it separated in colourless needles and melted at 185—187° 
(Found: N = 13-42; I = 60-95. C,H;N,I requires N = 13-46; 
I = 61-05 per cent.). 

The chloroaurate and chloroplatinate were orange-yellow, crystalline 
precipitates resembling the corresponding salts of 4-iodo-3: 5- 
dimethylpyrazole [Found : Au = 35-52. C,H;N,I,HAuCl, requires 
Au = 35-95 per cent. Found: Pt = 23-31. (C,H;N,I).H,PtCl, 
requires Pt = 23-60 per cent. ]. 
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4-lodo-3-(or 5-)methylpyrazolecarboxylic acid (formula VI), an 
amorphous, white substance melting at 237°, insoluble in water 
or alcohol, was produced by adding 3 grams of 4-iodo-3 : 5-dimethyl. 
pyrazole to 9 grams of potassium permanganate in 60 c.c. of water; 
the colour rapidly disappeared, carbon dioxide was evolved, and 
the decoloration was completed by warming at 100° for an hour, 
Acidification of the filtrate led to precipitation of the carboxylic acid 
(Found: N = 11-10; I = 50-53. C,H,;O,N,I requires N = 11-11; 
I = 50-40 per cent.). 

The white silver salt precipitated from ammoniacal solution 
gave Ag = 30-12 (C;H,O,N,[Ag requires Ag = 30-08 per cent.). 

4-Bromo-3 : 5-dimethylpyrazole (Formula X).—Bromine (1 mol.) 
was added slowly to 2-5 grams of 3: 5-dimethylpyrazole and 5 
grams of sodium acetate in 50 c.c. of cold water and the solution 
then heated to boiling. An oil separated and solidified on cooling; 
and after crystallisation from dilute alcohol the bromo-derivative 
separated in flattened, colourless needles melting at 118° (Found: 
N=1646; Br=45-42. C;H,N,Br requires N = 16-02; 
Br = 45-68 per cent.). 

4-Bromo-3 : 5-dimethylpyrazole had a pleasant odour less per- 
sistent than that of the iodo-derivative; it dissolved in hot water 
or in the ordinary organic solvents. It had basic properties, 
yielding salts and acyl derivatives. 

The chloroaurate, an orange-red, crystalline salt, softened at 105° 
and melted at 126—128° (Found: Au = 38-33. C;H,N,Br,HAu(Cl, 
requires Au = 38-25 per cent.). This salt is more soluble than the 
corresponding salt from iododimethylpyrazole, and the chloro- 
platinate is even more soluble. 

1-Acetyl-3 : 5-dimethylpyrazole separated from dilute alcohol in 
colourless crystals melting at 38° (Found: N = 12-90; Br = 36-71. 
C,H,ON,Br requires N = 12-91; Br = 36-86 per cent.). The 
benzoyl derivative, obtained by the method employed in benzoylat- 
ing iododimethylpyrazole, crystallised from alcohol in clusters 
of flattened needles melting at 48—49° (Found: N = 10-16; 
Br = 28-49. C,,H,,ON,Br requires N = 10-03; Br = 28-67 per 
cent.). 

On adding bromine to a solution of 3: 5-dimethylpyrazole in 
concentrated hydrochloric acid, the halogen was at first absorbed 
and then a well-defined, orange-red, crystalline compound separated 
which proved to be so reactive that it could only be recrystallised 
from a mixture of chloroform and light petroleum; it was thus 
obtained in orange-red, hygroscopic needles melting at 142—144° 
(Found: N= 8-63; Br= 71-27. C;H,N,Brs requires N = 8°34; 
Br = 71-63 per cent.). The substance liberated iodine from potass- 


1317 


SUBSTITUTION IN THE PYRAZOLE SERIES. 


jum iodide, the amount corresponding with 30-9 per cent. of active 
bromine. 

This perbromide dissolved in alcohol to an orange solution which 
on warming became decolorised, evolved acetaldehyde, and yielded 
glourless, acicular crystals of 4-bromo-3 ; 5-dimethylpyrazole 
hydrobromide melting at 174°. The hydrobromide was also pro- 
duced on dissolving the orange compound in warm benzene. When 


‘11; @f added to cold water, the orange compound was transformed into a 
red oil with liberation of bromine. On warming the mixture, the 

tion ff oil dissolved, the yellow solution rapidly became colourless, and on 
cooling 4-bromo-3 : 5-dimethylpyrazole separated. 

ol.) With 5 per cent. aqueous sodium hydroxide the orange compound 

d 5 ff changed successively to a pasty red solid and then into the colourless 

ion § bromodimethylpyrazole. 

ng ; 4-Bromo-3 : 5-dimethylpyrazole hydrobromide, obtained from the 

‘ive ff orange perbromide in several of the foregoing reactions in colourless 

id: # needles (m. p. 174°), had a pungent aromatic odour and dissolved 

12; Bf in water to an acid solution (Found: N = 11-23; Brion = 31-01; 
total Br = 62-18. C;H,N,Br,HBr requires N = 10-95; Br = 31-23 

er- # and 62-47 per cent.). 

ter 4-Chloro-3 : 5-dimethylpyrazole was preferably obtained by passing 


chlorine into a solution of 2 grams of the pyrazole in 200 c.c. of 
water. An oily product separated which was extracted with 
chloroform. The oily residue from this solvent solidified rapidly 
and after one crystallisation from alcohol melted at 95° (Found : 
N= 21-51; Cl= 27-19. C;H,N,Cl requires N = 21-46; Cl= 
27-20 per cent.). 

4-Chloro-3 : 5-dimethylpyrazole was less basic than the corre- 
sponding bromo- and iodo-derivatives. It did not react with 
acetic anhydride or benzoyl chloride and gave no sparingly soluble 
chloroaurate or chloroplatinate. 

3: 5-Dimethylpyrazole-4-sulphonic Acid.—The crystalline form 
of the barium salt of this acid has been studied by Zschimmer 
(Z. Krist. Min., 1898, 29, 231), but this reference has no mention 
of the preparation of the acid. 

Three grams of 3: 5-dimethylpyrazole, dissolved in 10 c.c. of 
fuming sulphuric acid (20 per cent. SO,), were warmed for six hours 
on the water-bath. The cooled solution, diluted with water and 
neutralised with barium carbonate, was filtered and concentrated, 
when tabular crystals of the barium salt were deposited [Found : 
Ba = 27:91. (C,;H,*N,*SO,),.Ba requires Ba = 28-13 per cent.]. 
The calculated quantity of dilute sulphuric acid was added to a 
boiling solution of the barium salt and the filtrate concentrated 
until 3: 5 dimethylpyrazole-4-sulphonic acid separated. This acid, 
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which is very soluble in water, crystallised in hygroscopic, flattened 
needles, turning brown at 200° and melting at 287—288° (Found: 
N= 1407; S = 15-59. C;H,N,SO,H,1$H,O requires N = 13-79. 
S = 15-76 per cent.). The acid was sparingly soluble in boiling 
alcohol; it lost its water of crystallisation at 115°. 

3: 5-Dimethylpyrazole-4-sulphonyl chloride, C;H,N.,*SO,Cl, was 
obtained by the action of phosphorus pentachloride on the dry 
sulphonic acid or its barium salt. The mixture, added to cold 
water, gave a colourless solid which, when crystallised from dry 
ether, separated in clusters of feathery needles melting at 100° 
(Found: N = 14:31; S = 16-32. Cale., N= 14-40; S = 16-45 
per cent.). 

The yield of this sulphonyl chloride was poor, only 0-2 gram being 
obtained from 1 gram of the acid. The foregoing barium salt was 
distilled with dry potassium ferrocyanide, but the volatile product 
was 3: 5-dimethylpyrazole (m. p. 106-5°) and not the expected 
nitrile of this substance. This nitrile was not obtainable by the 
Sandmeyer reaction from the aminopyrazole. 


The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for grants 
which have helped to defray the expenses of this investigation. 
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CLIII.—The Adsorption of the -B and -C Members 
of the Radium and Thorium Series by Ferric 
Hydroaide. 


By Joun ARNOLD CRANSTON and RosBert Horton. 


InN a previous papef on this subject (Cranston and Hutton, T., 
1922, 121, 2843) it has been shown that at a given acidity the 
atomic ratio thorium-B to thorium-C adsorbed by colloidal ferric 
hydroxide is greater than the ratio of radium-B to radium-C 
adsorbed and that this different behaviour is maintained when 
the adsorption is carried out in a mixed solution of the four radio- 
elements. 

It was to be expected that the initial concentrations of these 
four substances would be a determining factor in the values of the 
ratios adsorbed. These initial concentrations were known only 
approximately in the work previously carried out, and it seemed 
desirable to perform further experiments in which these concen- 
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trations were accurately known so that quantitative relationships 
could be observed to test the colloidal theory put forward. 

Accordingly, in the first series of experiments solutions of 
thorium-B and radium-B were left for four hours and forty-five 
minutes respectively, to ensure radioactive equilibrium with the 
-C members. 

Series 1—The procedure was as follows. The active deposit 
of thorium, obtained in the usual way by exposing a negatively 
charged platinum plate to thorium hydroxide, was dissolved in 
10 c.c. of 0°001N-hydrochloric acid, and the solution left for four 
hours to attain equilibrium. The radium active deposit, obtained 
by exposing a negatively charged platinum wire to radium eman- 
ation, was dissolved in a further 10 c.c. of acid of the same strength 
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and the solution left for forty-five minutes. This operation was 
carried out so that both solutions attained equilibrium at the same 
time. The solutions were mixed and the adsorptions carried out 
by adding 2 c.c. of a colloidal solution of ferric hydroxide (dialysed 
free from hydrochloric acid). A drop of sodium sulphate was 
added to precipitate the hydroxide, which was then rapidly filtered 
and dried, the activity being determined at short intervals in the 
a-ray electroscope. A decay curve was thus obtained representing 
the combined effect of the radium and thorium members, and 
readily capable of analysis so as to give the two ratios Ra-B/Ra-C 
and Th-B/Th-C (see previous paper). Three decay curves obtained 
in this way are shown in Fig. 1. They give the following ratios : 
9 
Ra-B/Ra-C adsorbed 0-18 


Th-B/Th-C adsorbed 2-3 2-2 . 
Mean ratio Ra-B/Ra-C = 0:20... (a ,); mean ratio Th-B/Th-C = 2-3... 
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Before adsorption the substances were present in radioactive 
equilibrium, that is, Ra-~-B/Ra-C = 13 .. . (a,), Th-B/Th-C = 
106... (0,). 

Hence, before adsorption b,/a, = 10°6/1°3 = 8°16; 

after adsorption, 6,/a,; = 2°3/0°2 = 11°5 


Thus it would appear that a partial separation of the isotopic 
elements Ra-C and Th-C can be obtained by means of adsorption. 

It was noted by von Hevesy (Phil. Mag., 1912, [vi], 23, 628) 
in his investigation of the electrochemical properties of the -B 
and -C members, by depositing them on metallic electrodes at 
varying potentials, that radium-C could be separated in a purer 
state than either thorium-C or actinium-C, that is, less contamin- 
ated by the -B member. He concluded that either there are small 
differences in the electrochemical properties of the three -C 
members, or that there is a greater probability of some thorium-B 
separating out with the thorium-C owing to the period of 
thorium-B being much longer than that of radium-B. A parallelism 
has already been shown to exist between the electrochemical and 
adsorptive properties of these elements (Cranston and Burnett, 
T., 1921, 119, 2036). 

Series 2.—It has been found that when an active deposit in which 
the -B and -C members are in equilibrium is dissolved off a platinum 
plate or wire by 0:001N-hydrochloric acid, the solution contains 
a large excess of the -B member over the equilibrium amount. 
With lapse of time, the ratio of the -C member increases in such 
a solution until it is in equilibrium with the -B member. By 
leaving such solutions for different intervals of time, convenient 
sources of these elements in different relative amounts can be 
obtained. 

The first set of experiments in this series was carried out with 
radium-B and radium-C. An active deposit was obtained on the 
platinum wire as before and left for twenty minutes before dis- 
solving in 0-001N-acid, so that the effect of the radium-A would 
be negligible. In successive experiments, adsorptions with colloidal 
ferric hydroxide were carried out at varying intervals after dis- 
solving the deposit. The atomic ratio was determined for each 
experiment from the corresponding decay curve in the manner 
described in the previous papers, and the following results were 
obtained : 


Time in minutes ......... 3 8 13 15 18 20 25 30 o. 
Atomic ratio, Ra-B/Ra-C 1-18 0-82 0-62 0-56 0-50 0-45 0-37 0-32 0-2 


The graph of these results is shown in curve 1, Fig. 2. Curve 2 
will be explained later. 
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The next group of experiments were performed with thorium-B 
and thorium-C. An active deposit was obtained on a platinum 
plate and dissolved off in 0°001N-acid. Adsorptions were carried 
out as before, but the solutions were left for longer periods after 
dissolving the deposit. The following ratios were obtained : 
Time in HOUTS ......cccccccssccccceees 0-15 035 10 20 30 40 
Ratio Th-B/Th-C adsorbed ...... 10-3 75 63-8 2-9 2-7 2-5 
The graph of these results is shown on Fig. 3. It is seen in both 
cases that with lapse of time there is a regular decrease in the 
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ratio of the -B member to the -C member adsorbed. It now becomes 
necessary to determine whether the decrease corresponds with the 
alteration of the initial relative concentration of these elements 
in the solution immediately before adsorption. Accordingly, in 
the next series of experiments on the radium active deposit, a 
portion of the solution was removed immediately before the adsorp- 
tion wus carried out, rapidly evaporated to dryness, and the ratio 
Ra-B/Ra-C determined by the decay curve. Different initial 
concentrations were obtained in successive experiments by keeping 
the solutions for various periods after dissolving from the wire. 
Series 3.— 


Ratio Ra-B/Ra-C present before 
BABOTDGIOR: acccvessescoscessccseses 3°25 31 2-0 1 1:5 
1-1 


8 1-6 
Ratio Ra-B/Ra-C adsorbed ...... 1-15 0-6 055 0-45 0-2 


The graph of these results is shown on Fig. 4. It is apparent 
that the concentration of radium-B and of radium-C in the solution 
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immediately before adsorption is not the sole factor in determining 
the amounts of these elements adsorbed, but that in some way 
the age of the solution is involved so that the longer the solution 
has existed the greater the relative amount of the -C member 
adsorbed. If this time factor were connected in any way with 
the rate of growth of radium-C and thorium-C, it would not operate 
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equally in the two series, and the different behaviour of these 
isotopic elements obtained in the experiments of series I would be 
expected. 

An explanation of this phenomenon, put forward in the two 
previous papers already referred to, may be summarised here as 
follows. In 0:001N-acid solution a smail proportion of the -B 
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and -C members exists as negative colloid and is in a state suitable 
for adsorption by the positively charged ferric hydroxide hydrosol. 
The colloidal -B members form aggregates of negative charge, and 
with lapse of time decay gradually into the -C members, which are 
held in these colloidal aggregates, and are adsorbed owing to the 
predominating influence of the remainder of the -B members. 
Thus, as time goes on, the proportion of -C atoms in a suitable 
state for adsorption is increased in a regular manner. 

The experimental results given in this paper provide sufficient 
data to test this theory quantitatively. 

Let P and Q be the number of atoms of radium-B and radium-C, 
respectively, present at time ¢, and x and y be the fractions of 
P and Q, respectively, which are in a state for adsorption. From 
Fig. 4 a point can be selected where P/Q = 3:1 and the ratio 
adsorbed xP/yQ=1-'1. This corresponds with the point A of 
Fig. 2 (since Ra-B/Ra-C adsorbed = 1‘1). If this point A be 
taken as time #, that is, the starting point, the remainder of the 
curve of Fig. 2 can be calculated, (i) on the assumption that 
radium-B and radium-C are adsorbed in proportion to their 
respective concentrations; (ii) on the assumption that the radium-B 
is adsorbed in proportion to its concentration, but that the amount 
of radium-C adsorbed proportional to its concentration is aug- 
mented by all the radium-C that has grown from the adsorbable 
portion of the radium-B since the preparation of the solution. 

For example, on assumption (i) to calculate the ratio Ra-B/Ra-C 
adsorbed ten minutes after time ¢ : 

From the ordinary decay curves of these substances published 
in text-books, it is seen that in ten minutes 23 per cent. of radium-B 
decays and at the end of that time 18 per cent. of it still remains 
as radium-C’; and in this interval 30 per cent. of the radium-C 
originally present has decayed. 


Therefore, at time ¢ + 10, No. of atoms of Ra-B = 0°77P 
” ” ” ” Ra-C = 0°70Q -- O-18P. 
Hence ratio Ra-B/Ra-C adsorbed at the end of ten minutes 
= 0°77xP /(0°70yQ + 0:18yP) 
= 0°67, since P/Q = 3:1 and xP/yQ = 1°1. 
In a similar manner, the ratio adsorbed at ¢ + 20 minutes can 
be shown to be 
= 0°595xP /(0°49yQ + 0:285yP) 
= 0°48. 
The dotted line of Fig. 2 shows the calculated curve obtained 
using this assumption. 
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On assumption (ii), the calculated ratio Ra-B/Ra-C adsorbed 
ten minutes after time ¢ is obtained as follows : 

As before, the original xP atoms of radium-B decay to 0°77xP 
atoms and give rise to 0°18%P atoms of radium-C, all of which 
are adsorbed. The total radium-C remaining is 0°70Q+ 
0°18(1 — x)P, of which the fraction y is adsorbed. 

Hence the ratio Ra-B/Ra-C adsorbed at the end of ten minutes 

= 0°77xP/(0°18xP + 0°70yQ + 0°18yP — 0°18zxyP), 
x and y are both experimentally found to be small fractions, 
approximately 0°05 and 0°12, respectively, so that the term 
0°18zyP can be neglected. 

The ratio Ra-B/Ra-C adsorbed then becomes = 0°58. 

In a similar way, the ratio adsorbed at ¢ + 20 minutes can be 
shown to be 

= 0°595xP /(0°285xP + 0°49yQ + 0:285yP) = 0°39, 
and the ratio adsorbed at ¢ + 30 minutes can be shown to be 
= 0°455xP/(0°306xP + 0°35yQ + 0°306yP) = 0°31. 

The experimental curve of Fig. 2 shows that the ratios Ra-B/Ra-C 
adsorbed at ¢+ 10, ¢+ 20, ¢+ 30, are 0°59, 0°39, and 0:29, 
respectively, and therefore in close agreement with the above 
values obtained from the second assumption. 


Summary. 


1. Previous work on the adsorption of -B and -C members of 
the radium and thorium series by ferric hydroxide has been 
continued. 

2. Under similar conditions, the ratio of Th-B/Th-C adsorbed 
by ferric hydroxide is greater than the ratio of their isotopes, 
Ra-B/Ra-C, even when the initial different relative concentrations 
of the solutions are taken into account. 

3. The interval of time between preparing the solutions and the 
carrying out of the adsorptions has been found to be an important 
factor in determining the ratio adsorbed. 

4, The influence of this time factor is in quantitative agreement 
with that expected from the theory put forward to explain the 
greater proportion of the -C member adsorbed with the lapse of time. 


The authors are indebted to The Glasgow and West of Scotland 
Radium Committee for supplying quantities of radium emanation 
from which the active deposits were prepared. 
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CLIV.—y-Oxalyl Derivatives of BB- and a8-Dimethyl- 
acrylic Acids. 
By Lucy HiagernsotHaM and ARTHUR LAPWORTH. 


SincE it was observed by one of us (T., 1901, 79, 1276) that ethyl 
crotonate is converted into ethyl sodio-y-oxalylcrotonate by the 
action of ethyl oxalate in presence of sodium ethoxide in accordance 
with the equation 


C0,Et-CO,Et + CH,*CH:CH-CO,Et + NaOEt = 
CO,Et-C(ONa):CH-CH:CH-CO,Et + 2HOEt (1) 


no other condensation of precisely this type in the aliphatic series 
has been described, although Wislicenus and Schollképf (J. pr. 
Chem., 1917, [ii], 95, 269 e¢ seg.) record the conversion of ethyl 
-ethoxycrotonate, by means of ethyl oxalate and potassium 
ethoxide, into a cyclic compound which is evidently derived from 
the y-oxalyl derivative of the ethoxycrotonate by elimination, at 
the «-position, of another molecule of alcohol. 

In the former of the above papers, it was noted that other 
aliphatic compounds which, like ethyl crotonate, contain the group 


‘CH, *O:C-CO- yield, on treatment with ethyl oxalate and sodium 
or its alkyloxides, compounds which resemble the y-derivative of 
ethyl crotonate inasmuch as they have acidic properties and give 
with ferric chloride black colorations contrasting strongly with the 
red to violet colorations obtained when this reagent is applied to 
a-oxalyl derivatives of carbonyl compounds. 

Numerous points of interest in connexion with condensations of 
the above type, especially in relation to the question of induced 
latent polarities of atoms in carbon chains, have recently made it 
desirable to extend the original experiments, and the study of ethyl 
68-dimethylacrylate, C(CH,),;CH-CO,Et, one of the next higher 
homologues of ethyl crotonate, was therefore undertaken. This 
compound was one of those which had previously given evidence 
of yielding a y-oxalyl derivative (loc. cit.) and it was thought likely 
to be specially interesting as, in virtue of the fact that it contains 
two methyl groups, each situated with regard to the carbonyl group 
precisely as the single methyl group in ethyl crotonate is situated, 
there was some prospect that it might be convertible into the cyclic 
y-oxalyl derivative, (OH):CH>C'CH-CO,Et. 

The “ dimethylacrylic ester ’” used in the opening series of experi- 
ments was prepared from a sample of ‘“ «-Bromisovaleriansaures 
VOL. CXXIII. ZZ 
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Aethyl ” purchased from Kahlbaum, by heating it with diethylaniline 
and carefully fractionating the neutral product. As the agent for 
condensing the unsaturated ester with ethyl oxalate, potassium 
ethoxide was employed and a number of crystalline products of the 
reaction were ultimately isolated. Extended experiments on these 
products showed that they fell into two isomeric series, and, whilst 
the individuals of either series were interconvertible, no represent- 
ative of the one series could be converted into a representative of 
the other series. This appeared definitely to exclude the probability 
that the two series were related stereochemically and aroused the 
suspicion that the dimethylacrylic ester used was not a homogeneous 
product. As the original bromo-ester from which it was prepared 
had probably been made from fusel oil, through the mixture of 
valeric acids which it affords on oxidation, it seemed likely that the 
two independent series of compounds under observation were derived 
from £$6-dimethyl- and «-dimethyl-acrylic acids, respectively. 
This hypothesis was put to the test by carrying out the whole series 
of operations, first with an ester made by esterifying pure crystalline 
68-dimethylacrylic acid, when only one of the two series of com- 
pounds was produced. The second series was subsequently obtained 
alone by submitting synthetic ethyl «f-dimethylacrylate to the 
same operations. 

There is no doubt that both 68-dimethylacrylate and «$-dimethyl- 
acrylate condense with ethyl oxalate in the y-position. In both 
cases, the main reaction takes place in the first instance much as 
in the case of ethyl crotonate (8-methylacrylate), that is, between 
one molecule of unsaturated ester and one molecule of ethyl oxalate. 
There is, however, one marked distinction between the y-oxalyl 
derivatives of the two isomeric esters which is of considerable 
interest and which greatly delayed the correct interpretation of 
the first results obtained by the authors when working with the 
mixed esters. The distinction is, that in the process of working up 
the condensation products, those from the «$-dimethyl isomeride 
are secured for the most part as the y-oxalyl derivative, 


CO, Et-C(OH):CH-CH:C(CH,)-CO,Et = (11.) 


but the corresponding derivative (III) of the B8-dimethy] ester is not 
obtained, having been converted into the pyrone compound (IV). 


CO,Et 
CH<G Gy CH7C(OH):CO,Et —> CH< GOH) cH?” CO,Et 


(III.) (IV.) 
The true oxalyl derivative of the $f-isomeride can, however, be 
obtained as the free acid (V), CO,H:C(OH):CH-C(CH,):CH-CO,H, 
by first converting (IV) into the corresponding acid and subsequently 
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subjecting the latter to treatment with excess of alkali, when the 
pyrone ring is opened. 

It is somewhat remarkable that the presence of a methyl group 
replacing hydrogen in the 8-position in the ethyl y-oxalocrotonate 
should so greatly augment the tendency towards the formation of 
the pyrone ring. Nevertheless it is quite consistent with the well- 
known depressant effect on the reactivity of carbonyl of substituting 
groups in the «-position that the «-methyl derivative (V) does not 
so readily yield a pyrone derivative as the @-methyl derivative 
does. 

Apart from this feature there is little distinction in chemical 
character to be observed between the y-oxalyl compounds of crotonic 
ester and its «- and -methyl derivatives. The y-oxalyl derivative 
(II) yields the corresponding acid on hydrolysis with alkalis, and 
both this and the ester itself, when heated with concentrated 
hydrochloric acid, are converted into the hydroxypyronecarboxylic 
acid (VI), CMe<C0G>C-CO,H, the ester of which is isomeric 
with (IV). This acid and its ester are reconverted by alkalis into 
the free dicarboxylic acid corresponding with (II). 


EXPERIMENTAL. 


Section I. Preparation and Properties of Derivatives of y-Oxalyl- 
BB-dimethylacrylic Acid. 


A description of the earlier experiments on the action of ethyl 
oxalate on the mixed dimethylacrylic esters made from Kahlbaum’s 
“ «-Bromisovaleriansaures Aethyl”’ need not be given and is dealt 
with at sufficient length in the introductory section. 

(a) Preparation of the Pure Ethyl 88-Dimethylacrylate used — 
A lengthy series of experiments was made with the object of testing 
the numerous alternative methods which are to be found in the 
literature for the preparation of this ester or the corresponding 
acid. The inquiry left little doubt that by far the most convenient 
and economical method is to prepare mesityl oxide from acetone by 
the process worked out by Conant and Tuttle (“‘ Organic Syntheses,”’ 
John Wiley and Sons, 1921, p. 53), to oxidise the mesityl oxide by 
means of sodium or potassium hypochlorite (Barbier and Leser, 
Bull. Soc. chim., 1905, [iii], 33, 815) to dimethylacrylic acid, and 
subsequently to esterify the pure crystalline acid (Perkin, T., 1896, 
69, 1471). The yields are excellent throughout. 

(b) Action of Potassium Ethoxide on a Mixture of Ethyl Bp- 
Dimethylacrylate and Ethyl Oxalate. Formation of Ethyl 4-Methyl- 
«-pyrone-6-carboxylate (Formula IV) and 4-Methyl-ux-pyrone-6- 


carboxylic Acid.—Powdered metallic potassium (4 grams) was 
ZZ2 
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suspended in cold ether (40—100 c.c.) in a flask immersed in a freez- 
ing mixture. Anhydrous alcohol (4°7 grams) was added drop by 
drop over a period of several hours, the whole being allowed to 
remain over-night, when the conversion of the metal into finely 
divided ethoxide was complete. After the contents of the flask had 
again been cooled below 0°, a mixture of ethyl oxalate (7°5 grams) and 
pure ethyl 66-dimethylacrylate was very slowly added. The nearly 
colourless ethoxide dissolved wholly or partly and was finally 
replaced by a yellow solid, which, after three hours, was separated 
by filtration and washed with dry ether. The solid was dissolved 
in cold water and the solution extracted several times with ether to 
remove neutral impurities. On addition of acetic acid there was 
no precipitate, the absence of any appreciable quantity of ethyl 
y-oxalyldimethylacrylates thus being demonstrated. On addition 
of sulphuric acid, however, a solid was deposited in silvery crystals 
and on extracting the mother-liquor from these with ether a total 
of 5 grams of the substance was secured. (Such a precipitate 
is not produced when ethyl «-methylerotonate is used in place of 
the 6-methylcrotonate.) 

This compound, 4-methyl-«-pyrone-6-carboxylic acid, is soluble 
in hot water, sparingly soluble in cold, and dissolves freely in hot 
alcohol, but is nearly insoluble in chloroform or benzene. It 
dissolves in aqueous sodium carbonate, forming a colourless solution 
from which it is precipitated in hydrated form on addition of mineral 
acids. It gives no coloration with ferric chloride. 

The acid crystallises from water in long, colourless needles which 
have an indefinite melting point. Heated in a narrow tube, these 
partly fuse at 97—100°, but do not liquefy completely until 189°; 
when allowed to solidify, the mass subsequently melts once more 
at 194° (Found: C = 48:7; H= 4-7; H,O, lost at 120°, = 103. 
C,H,0,,H,O requires C = 48°38; H = 4:7; H,O = 10°5 per cent.). 

The equivalent, determined by titration against N/10-sodium 
hydroxide in the cold, was 173; a monobasic acid, C,;H,O,,H,0, 
requires 172. After boiling the acid for a minute with excess of 
the standard alkali, the solution was bright yellow and, on titrating 
the permanent excess of alkali, the equivalent had apparently sunk 
to 85°7 (calc. 86), corresponding with the conversion of the acid into 
the open-chain dicarboxylic acid, y-oxalyl-68-dimethylacrylic acid. 

If the above methylpyronecarboxylic acid is warmed on the water- 
bath for two hours with excess of 10 per cent. sodium hydroxide, it 
is converted into a crystalline acid which is readily soluble in water, 
extracted with difficulty by ether, and melts and decomposes 
at 220°. The new acid gives no coloration with ferric chloride, 
dissolves sparingly in chloroform, benzene, or cold water, but 
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readily in ethyl acetate or alcohol; its equivalent is approximately 
77. Possibly this acid corresponds with that obtained by Simonsen 
from 6-methyl-2-pyrone-3 : 5-dicarboxylic acid by a similar process 
(T., 1908, 93, 1022; 1910, 97, 1910), in which case it would no doubt 
be 3:5-dimethylbenzene-1 :2:4-tricarboxylic acid (equivalent = 793). 

The ethyl ester, C,H;0,°CO,Et, of 4-methyl-«-pyrone-6-carb- 
oxylic acid is readily made by esterification of the acid with alcoholic 
sulphuric acid. It is also formed in small quantity when ethyl 
66-dimethylacrylate is condensed with ethyl oxalate as above 
described. It is soluble in all the usual organic media with the 
exception of petroleum and crystallises in long needles melting at 
68° (Found: C= 591; H=5°6. C,H,)0, requires C = 59°3; 
H = 5°'5 per cent.). 

The compound gave no coloration with ferric chloride and also 
gave negative results when attempts were made to convert it into an 
oxime, semicarbazone, or nitrophenylhydrazone. It was reconverted 
into the corresponding acid when heated with hydrochloric acid. 

y-Oxalyl - 88 -dimethylacrylic Acid (5-Hydroxy-8-methylmuconic 
Acid. Formula V).—This compound may be made by dissolving 
the preceding methylpyronecarboxylic acid or its ester in excess of 
cold 30 per cent. sodium hydroxide solution and, after one and a 
half hours, adding excess of cold hydrochloric acid and extracting 
with ether. It resembles y-oxalylcrotonic acid in general properties, 
dissolves sparingly in cold ether and still more sparingly in benzene 
or chloroform, but is fairly freely soluble in alcohol and in hot 
water. It forms small, yellow crystals which melt and decompose 
at 162—163°. Its solutions give intense greenish-black colorations 
with ferric chloride. The equivalent, determined by titration 
against sodium hydroxide, was 85-9, whilst a dibasic acid, C,H,O,, 
requires 86. 

Heating with hydrochloric acid or acetic anhydride reconverts this 
compound into 4-methyl-«-pyrone-6-carboxylic acid. It gives no 
sodium oxalate when boiled with excess of alkali, but is quickly 
converted into the free acid. 


Section IT. Preparation and Properties of Derivatives of y-Oxalyl- 
aB-dimethylacrylic Acid. 

After a lengthy examination of methods available for the prepar- 
ation of pure «8-dimethylacrylic ester, the following series of oper- 
ations was found to yield very satisfactory results. 

(a) Preparation of the Cyanohydrin of Methyl Ethyl Ketone.— 
Methy] ethy] ketone (72 grams), made by careful fractional distillation 
of the commercial mixture passing under this name, was added to a 
solution of sodium cyanide (98 grams = 2 mols.) in 200 c.c. of water, 
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contained in a stoppered bottle. Solid sodium hydrogen carbonate 
(168 grams) was then added gradually, the stopper being replaced 
after each addition and the whole shaken. The temperature rose 
gradually, usually about 13°, and as crystals, presumably of hydrated 
sodium carbonate, separated at one stage, water was added in 
quantity sufficient to dissolve them. The total time required for 
the addition was about one and a half hours, and the cyanohydrin 
then floated as a brown oil. In order to stabilise the product the 
whole was rendered acid to methyl-orange by addition of hydro- 
chloric acid diluted with water, and the cyanohydrin extracted with 
ether, the latter then being dried over anhydrous sodium sulphate 
and evaporated. The residue, after exposure to the temperature 
of the steam-bath for forty-five minutes, weighed 100 grams, and, 
by estimation of the amount of cyanide formed by treating a weighed 
quantity of it with alkali, was found to contain 86 grams of 
cyanohydrin.* 

(b) Preparation of Ethyl «-Hydroxy-«-methylbutyrate.—The most 
effective process of hydrolysis of the cyanohydrin was found to be 
that based on the equation 


RCN + EtOH + H,O + HCl = R:CO,Et + NH,Cl. 


The crude cyanohydrin (81 grams) was dissolved in a mixture of 
alcohol (100 c.c.) and water (15 c.c. = 1 mol.), and dry hydrogen 
chloride was passed in. The whole increased in weight by 57 grams 
and after remaining over-night was heated on the steam-bath for three 
hours. Astream of dry hydrogen chloride was then passed into the 
boiling solution for another fifteen hours, by which time the hydrolysis 
was practically complete. (It may prove necessary to remove solid 
ammonium chloride by filtration at an intermediate stage.) On 
cooling, pouring into water, and extracting with ether, preferably 
in a continuous extraction apparatus, a mixture of «-hydroxy-«- 
methylbutyric acid and its ester was obtained. From this mixture, 
for example by neutralisation with sodium carbonate, extraction 
with ether, and fractionation of the extract in a vacuum, at least 
58 grams of the ester (b. p. 48—50°/6°5 mm.) can be obtained. 
(The free acid which is formed in considerable quantities as secondary 
product is difficult to extract from its aqueous solutions except by 
using a continuous extraction apparatus, but may so be isolated 
and subsequently esterified.) 

(c) Preparation of Ethyl «$-Dimethylacrylate—The preceding 
hydroxy-ester was converted into the corresponding unsaturated 


* As cyanohydrins of ketones under the conditions in which they are 
formed are largely dissociated into their constituents, a theoretically perfect 
conversion is not to be anticipated. The above yield, which is 86 per cent. 
of that theoretically possible, may be considered very satisfactory. 
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ester by a modification of the method of dehydration first used by 
Frankland and Duppa (Annalen, 1865, 136, 9). , 

Phosphorus trichloride (18 grams) was added gradually to cold 
ethyl «-methyl-«-hydroxybutyrate (30 grams). After about five 
minutes there was a rise in temperature and hydrogen chloride was 
evolved. The whole, having subsequently been heated for one and 
a half hours on the steam-bath, was distilled under atmospheric 
pressure, and the portion passing over below 154° was washed with 
water until free from mineral acid, dissolved in ether, dried, and 
refractionated at 20 mm. pressure. A mixture of unsaturated 
esters boiling at 54—60° was obtained, the yield amounting in all 
to 80 per cent. of that theoretically possible. The mixture no doubt 
contained the two stereoisomerides, but, as was expected, it gave 
only one * oxalyl derivative. 

(d) Condensation of Ethyl «8-Dimethylacrylate with Ethyl Oxalate 
in presence of Potassium Ethoxide.—If the condensation of ethyl 
oxalate with either the «$-dimethylacrylic ester prepared as above 
or with that made by removing the elements of hydrogen bromide 
from Kahlbaum’s “ «-Bromisovaleriansaures Aethyl ” is carried out 
in the manner described at the beginning of Section (Ib) and the 
yellow deposit is treated as there described, it is found that addition 
of acetic acid at the point indicated leads to the formation of a 
precipitate where none is produced when the starting material is 
pure @£-dimethylacrylic ester. This precipitate consists of the 
following compound in a nearly pure state. 

Ethyl y-Oxaiyl-«8-dimethylacrylate (Formula II).—This ester is 
readily soluble in the usual organic media, but is nearly insoluble in 
water and in light petroleum. It separates from most solvents in 
colourless prisms which melt at 91—92° (Found : C = 57°7; H=7°0. 
C,,H,,0, requires C = 57:9; H = 7°0 per cent.). 

In chemical character it closely resembles ethyl y-oxalylcrotonate 
and in alcoholic solution it gives a deep black coloration with ferric 
chloride. It dissolves in excess of dilute, cold alkali and even in hot 
sodium carbonate solutions, forming yellow solutions from which 
acids precipitate it unchanged. Potassium hydroxide solution, if suffi- 
ciently strong, converts it into a potassio-derivative, which can be 
crystallised with some difficulty from alcohol and then appears in 
bright yellow needles. 

y-Oxalyl-«8-dimethylacrylic Acid  (5-Hydroxy-«-methylmuconic 
Acid), CO,H-C(OH):CH-CH:C(CH,)-CO,H.—This acid is most 
easily prepared, not directly from the diethyl ester, but from 


* Compare T., 1901, 79, 1272, where the mechanism postulated requires 
that the sodium derivative of the Sy-unsaturated form is what reacts with 


the ethyl oxalate. 
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3-methyl-«-pyrone-6-carboxylic acid (formula VI), by heating it 
on the water-bath with excess of 5 per cent. aqueous sodium hydr. 
oxide for half an hour, then cooling, and acidifying with hydro. 
chloric acid. Its properties resemble those of the isomeric acid, 
but it melts and decomposes at 226°. Like other y-oxalylacrylic 
derivatives, it gives in solution deep black colorations with ferric 
chloride. It was not found easy to prepare quite pure specimens of 
this acid for analysis; the best sample, when titrated against cold 
N/10-sodium hydroxide, had the equivalent 87:9, and, after boiling 
with excess of the alkali and titrating back, had the equivalent 
844. A monobasic acid, C,H,O,, requires 86. 

The yellow sodium salt is obtained in crystals by dissolving the 
corresponding methylpyronecarboxylic acid in hot 30 per cent. 
sodium hydroxide and allowing to cool. 

3-Methyl-x-pyrone-6-carboxylic Acid (Formula VI).—This sub- 
stance is obtained in a nearly pure form by boiling diethyl y-oxalyl- 
«8-dimethylacrylate with excess of hydrochloric acid until it is 
dissolved, and then evaporating to dryness on the water-bath. 
It is soluble in alcohol, sparingly soluble in ether and in cold water, 
and separates from hot water, or better from hydrochloric acid, in 
small needles melting at 246—247°. The equivalent, determined 
by titration of two samples of the acid against N/10-sodium 
hydroxide, was (a) 154°3 and (b) 154°6. When it was boiled with 
excess of alkali and the permanent excess of the latter determined 
by standard acid, the apparent equivalents were (a) 76°5 and (b) 
77:1. A monobasic acid, CgH,O,, requires 154 and a dibasic acid 
77. The crystals of this acid, unlike those of the isomeride, are 
therefore anhydrous. 

The acid gives no coloration with ferric chloride and in other 
chemical respects closely resembles the isomeric 4-methylpyrone- 
carboxylic acid (p. 1328). 

On esterifying the acid with absolute alcohol containing concen- 
trated sulphuric acid, the ethyl ester is obtained. ‘This is insoluble 
in aqueous sodium carbonate, sparingly soluble in light petroleum, 
but readily soluble in most of the other common organic media. It 
crystallises from benzene in diamond-shaped plates melting at 
108—111°. After distillation in a vacuum, however, the compound 
melted at 116°. 


The authors’ thanks are due to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant to one 
of us (L. H.) which enabled the work to be done. 
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CLV.—The Influence of Temperature on Two Alternative 
Modes of Decomposition of Formic Acid. 


By Cyrit Norman HINSHELWOoD and HaroLp HARTLEY. 


In a previous investigation (Hinshelwood, Hartley, and Topley, 
Proc. Roy. Soc., 1922, [A], 100, 575) of the alternative reactions 
by which the thermal decomposition of formic acid vapour may 
take place in contact with a glass surface, one of the principal 
experimental results was that the velocity of the reaction yielding 
carbon dioxide and hydrogen increases with temperature much 
more rapidly than the alternative reaction in which carbon monoxide 
and water are produced. A possible interpretation of this result 
was suggested, and it was shown that the apparent heat of activ- 
ation of the first reaction is approximately 28,000 calories, and of 
the second 16,000 calories.* 

We have thought it desirable to extend the former observations 
in certain respects in order to investigate further : 


1. The influence of the nature of the glass surface. 

2. The effect of increasing the temperature range of the experi- 
ments. 

3. The proportion of the different products formed at different 
stages of the decomposition, and their influence on the reaction. 


1. Influence of the Nature of the Glass Surface. 


The velocity of the decomposition and the relative ease with 
which it follows the two alternative paths are very sensitive to the 
nature of the glass surface. Tingey and Hinshelwood found that 
on platinum surfaces the relationships were very different from those 
observed on glass. Hence a new series of experiments on glass 
surfaces of a different type was made for the sake of comparison 
with the original series. The experiments were made in bulbs of 
Duro glass of the same shape and size, and from the same supply 
of tubing. The experimental details are described in 7'rans., 1922, 
121, 1668. Formic acid of 90 per cent. strength was employed. 
The results are given in Table I, and Fig. 1. 

Individual experiments exhibit the large variations which are 
inevitable in dealing with this subject, but the averages show the 

* Adkins and Nissen (J. Amer. Chem. Soc., 1923, 45, 809) have confirmed 
the higher temperature coefficient on glass of the reaction yielding carbon 
dioxide, and state that with alumina the relative size of the temperature 
coefficients varies with the method of preparation of the alumina. 

In a criticism of our interpretation they are mistaken in assuming that the 
work was in any way connected with “ testing the radiation hypothesis as to 


the causation of reactions.”’ 
Zz* 
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TABLE I. 


Average value of 
the fraction of 


Average Percentage formic acid de- Number 
value of (CO, + H,) composed in the of*experi- 
Temperature. of kco. in product. experiments. ments. 

137-5° 0-000049 1-5 0:24 4 
185 0-00036 1-6 0-42 4 
236 0:00121 2-5 0-30 3 
236 0-00114 9-0 0-28 3 
239 0-00144 3:4 0-41 4 
302 0-00465 10-8 0-19 5 
302 0-0058 14-4 0-30 5 
350 0-0159 29-1 0-34 5 


Approximate values of kco,: at 350°, 0-0065; at 302°, 0-00098 and 0-00056; 
at 237°, 0-000066. 
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main regularities surprisingly well. The catalytic activity of the 
new glass differed rather markedly from that of the glass originally 
used. This may be seen from a comparison of the percentage of 
carbon dioxide and hydrogen in the products of complete decom- 
position at 300° : 

Original glass 74%, 73%, 63%. 

New glass 19°1%, 18°3%, 16°5%. 
These differences are somewhat accentuated by the fact that in 
the present experiment 90 per cent. formic acid was used whilst 
in the earlier ones rather weaker acid was used (the effect of this 
will be explained in a later paragraph). But in spite of the altered 
conditions, the same influence of temperature on the relative rates 
of the two reactions is found. This is seen in the figure. In the 
original experiments the two curves cut at about 280°, while these 
cut at about 400°. Nevertheless, the regularity on which we have 
laid most stress—the relative positions of the two curves—is 
reproduced. 
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2. The Effect of Increasing the Temperature Range. 


It was sought if possible to extend the measurements over a 
wider range of temperature, in order to ascertain whether the 
apparent heat of activation could be regarded as a constant quantity, 
and in particular whether its value for the reaction yielding carbon 
monoxide would retain the same low value at temperatures where 
this reaction is the only one occurring to an appreciable extent. 

Considering the experimental difficulties, it will be seen that 
when the values of igo are plotted against 1/7’ there are no deviations 
from the linear relation of much significance. The range of tem- 
perature is from 138° to 350°, that is, more than 200°, compared 
with the previous range of from 240° to 300°. At the lower tem- 
peratures, the proportions of carbon dioxide and hydrogen produced 
are too small to allow the accurate determination of the temperature 
coefficient of kco,. The values of kgo, are also inaccurate for another 
reason, which will be explained shortly. 

The values of the heat of activation calculated from the curves 
in the figure are 


Eoo = 12,000 calories approximately. 
Ego, = 24,500 calories approximately. 


In the original series, these values were about 16,000 and 28,000 
calories, respectively, so that the same relation between the two 
is preserved. 


3. The Proportion of Different Products Formed at Different Stages 
of the Decomposition. 


Our attention was directed to a discussion of heterogeneous 
catalysis by Bancroft (J. Physical Chem., 1917, 21, 573), in which 
he quotes an observation of Berthelot on the products of decom- 
position of formic acid, who found in two isolated experiments 
that when a third of the formic acid was decomposed the reaction 
appeared to be HCO-OH = CO + H,0, whilst complete decom- 
position appeared to correspond to 2HCO-OH = H,O + CO + 
CO, + Hy. 

Bancroft takes the observations to mean that the initial pro- 
duction of carbon monoxide and water hinders the further progress 
of the reaction along this path. The matter required further 
investigation, because if the proportions of the products of the 
reaction change greatly during its course the quantitative values 
obtained for the temperature coefficients would be affected, though 
the fact that ico, is much more influenced by temperature than kyo 
would remain, since it was based upon analysis of the products of 
complete decomposition. 
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Table II shows the results of a number of experiments made to 
test the point. 


TABLE II. 
‘Time in Fraction Percentage 
Series. Temperature. minutes. decomposed. of CO,. 
42 0-187 11-1 
45 0-213 16-4 
1 300° 90 0-352 19-0 
| 115 0-42 18-4 
290 0-633 19-6 
2 304 240 16-5 
304 250 18-3 
304 365 19-1 
304 365 18-3 
45 0-300 9-9 
( 45 0-270 19-5 
3 300 ~ 90 0-503 16-9 
| 120 0-725 19-6 
150 0-648 17-5 
4 239 420 5-6 
239 1440 6-8 
5 297 10 0-059 19-2 
299 10 0-046 20-1 
297 40 0-160 19-6 
297 80 0-370 15-0 
6 341 5 0-069 48-6 
342 10 0-144 27-8 
342 10 -= 19-0 
342 15 —- 36-6 
342 50 -- 53-5 
342 70 — 63-0 
7 345 10 0-214 59-4 
345 40 0-85 74-0 
345 65 ~- 74:1 
8 286 20 0-086 27-0 
285-5 50 0-151 18-7 
287 120 0-31 14-6 
(Irregular) 210 0-57 27-2 
285 260 0-46 16-7 
283 475 0-72 42-1 
9 344 10 0-32 35-6 
344 20 0-53 50-4 
344 60 0-7 51-3 


Series 1—6, Duro glass. 

Series 7—9, Soda glass. 
In series 1, 2, and 3, which are the most regular, there is some rise 
in the proportion of carbon dioxide at first, but not to an extent 
which would modify appreciably the values of the temperature 
coefficients. We may also cite the complete analogy between the 
original results, where the analyses were made on the completely 
decomposed products, and the new results in Table I, where the 
analyses were made after the decomposition had proceeded to 
about one-third of the whole way, to show that the former con- 
clusions about the influence of temperature need no modification. 


to 
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If the reaction yielding carbon monoxide is hindered by the 
accumulation of its products to such an extent that the rival reaction 
after a time overtakes it and predominates, as Bancroft suggests, 
then, either the products of the reaction must poison the catalyst 
by occupying a large proportion of its surface, or the reverse re- 
action H,O + CO = HCO-OH must attain on the catalyst a speed 
of the same order as that of the direct reaction. This second 
possibility cannot be entertained, because the alternative path of 
decomposition is open all the time to the formic acid so produced, 
with the result that a continuous transformation of carbon monoxide 
and water into carbon dioxide and hydrogen should take place. 
In other words, the catalyst should be capable of bringing about 
the water-gas reaction at a speed commensurate with that of the 
formic acid decomposition, which certainly does not occur. It 
seems, then, that the mode of decomposition of the adsorbed 
formic acid is conditioned by independent probabilities and not 
determined to any appreciable extent by the equilibria H,O + 
CO == HCO-OH and H, + CO, == HCO-OH. 

A further ground for belief in the complete independence of the 
two reactions is the fact that the carbon monoxide reaction has 
the same low temperature coefficient when it is the only reaction, 
proceeding with appreciable velocity, as it has when the alternative 
reaction accounts for a large proportion of the products, that is to 
say, where its low temperature coefficient might have been explained 
by the assumption that the rate of production of carbon dioxide 
was increasing at the expense of the monoxide. 

With regard to a poisoning action of carbon monoxide, it would 
seem that if it reduces the velocity of one reaction by covering 
the surface of the catalyst, it should also reduce that of the other 
reaction to the same extent. But there is no indication from 
velocity measurements that the products of the reaction yielding 
carbon monoxide exert any retarding influence. The following 
figures, obtained at 210°, where the products were almost exclusively 
carbon monoxide and water, show the absence of such retardation. 


Pressure increase k 1 log —P2_ 
Time in minutes. in mm. Hg. t Soe —?p° 
110 33 0-000374 
190 56 0-000362 
315 90 0-000389 
395 103 0-000364 
560 140 0-000374 
1215 242 0-000387 
1410 265 0:000397 
1695 295 0-000422 
2000 317 0-000436 
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On the other hand, some accelerating influence of excess of water 
on the velocity of the carbon dioxide reaction has been observed. 
Possibly the adsorbed water has a sort of secondary catalytic 
influence on the neighbouring adsorbed molecules of formic acid, 
and any drift in the proportions of carbon dioxide in Table II might 
be attributable to this. The following results illustrate the influence 
of considerable excesses of water. Formic acid (90 per cent.) was 
heated in similar bulbs at 209°, in some cases alone and in some 
cases with about five times its weight of water. Typical analyses 
of the products were : 


co. CO,. 
Without excess water  .........00. 1-24 c.c. 0-02 c.c. 
1-28 c.c. 0-023 c.c. 
With excess water .........ccccseeee 1-044 c.c. 0-057 c.c. 
1-345 c.c. 0-053 c.c. 


Again, at 300°, in bulbs made from the same length of glass tubing, 
90 per cent. formic acid, heated to nearly complete decomposition, 
gave 24°5 per cent. and 29-2 per cent. of the carbon dioxide—hydrogen 
products, whilst when 100 per cent. excess of water was added 
initially these rose to 50°9 and 46°6 per cent. 

The effect of this accelerating influence of water on the values 
of keo, when there is no excess of water added initially appears to 
be not very pronounced and is difficult to disentangle from the 
inevitable variations in the nature of the surface, but attention 
has already been directed to a possible similar effect in the case of 
the catalytic decomposition on silver. 

PuHysicaL CHEMISTRY LABORATORY, 
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CLVI.—The Ternary System Ammonium Chloride- 
Ferric Chloride—Water. 


By FReprERIcK WILLIAM JEFFREY CLENDINNEN. 


A CONSIDERABLE amount of work has been carried out on this 
system by previous workers. Retgers (Z. physikal. Chem., 1892, 
9, 314, 385; 1892, 10, 550; 1893, 12, 583) repeated some experi- 
ments of Lehmann (WMolekularphysik, 1883, 1, 427), and found 
that ammonium chloride and ferric chloride would mix in the 
solid state. He also remarked on the form of the crystals obtained. 
A fuller discussion of the system NH,Cl—FeCl,-H,O at 15° was 
given by Roozeboom (Z. physikal. Chem., 1892, 10, 145), who 
stated that the following solid phases could exist in equilibrium 
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with various solutions at this temperature: ferric chloride hydrate 
(2FeCl,,12H,O); the double salt 2NH,Cl,FeCl,,H,O (2.1.1) and 
mixed crystals of ammonium chloride with a ferric chloride content 
rising to 7 per cent. These mixed crystals showed, however, 
peculiar irregularities. The ferric chloride content in the crystal 
showed a considerable increase in general with that of the solution, 
yet a decrease was shown with some crystals. 

The best work recorded is that of Mohr (Z. physikal. Chem., 
1898, 27, 193), who examined the system at 25°, 35°, and 45°. 
At the lower temperatures, he obtained results similar to those 
of Roozeboom at 15°, and he also observed the same peculiar 
irregularities in the compositions of the mixed crystals. At the 
higher temperatures, he claims to have found two new compounds : 
NH,Cl,FeCl, (1.1.0) and NH,Cl,2FeCl,,4H,O (1.2.4), but his 
method of working was not entirely satisfactory, and it has 
seemed advisable to study the system more fully. Observations 
have therefore been carried out which define the equilibria obtaining 
at 25° and 60°. 

The experimental procedure at the lower temperature was 
similar to that described in a previous paper (Clendinnen and 
Rivett, T., 1921, 119, 1329). At the higher temperature, it was 
found that solutions containing much ferric chloride destroyed 
the filter-paper used to retain the wet solid, which was therefore 
caught in a Gooch crucible containing a fine silver gauze plate. 
The solutions and residues were analysed by standard methods, 
ammonium by distillation, chloride and iron (when necessary) 
gravimetrically. 

The results obtained at 25° (Table I) are shown, plotted in the 
usual triangular diagram, in Fig. 1. 


TABLE I. 
System at 25°. 


Percentage composition. 


Solution. Residue. Solid phases 
Density. NH,Cl. FeCl,. NH,Cl. FeCl;. present. 
1-132 24-14 7-64 87-22 2-57 
1-177 21-19 13-26 87-58 3-48 | Mixed crystal 
1-228 18-54 19-27 81-71 5-91 series AB. 
1-327 16-05 28-97 84-36 7:36 | 
1-358 16-63 30-45 31:31 46-27 B and C. 
1-356 15-59 31-61 33-65 51-93 | 
1-369 13-41 33-46 34-00 52-98 ' 
1-412 8-70 38-10 29-65 51-41 | Mixede —_ 
1-455 5-13 42-82 28-90 52-81 | series UD. 
1-513 2-93 47-63 32-11 55-25 
1-536 2-29 49-50 3:27 55-87 D and 0.1.6. 
1-525 1-30 48-80 0-73 53-60 0.1.6. 
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TABLE II. 
System at 60°. 


Percentage composition. 


Solution. Residue. Solid phases 
Density. NH,Cl. FeCl. NH,Cl. FeCl. present. 
1-133 31-37 7-75 79:14 3-21 - 
1-197 28-02 15-49 80-72 £98 | agit ay 
1-268 25-40 22-95 72:34 945) ; 
1-298 24-73 25-78 38-53 42-82 B and C. 
1-310 22-49 27-47 35:13 51-36 ) 
one 19-04 30-73 34-32 51-60 
1-365 16-05 33-25 33-99 52-01 
1-384 13-66 35-84 30-07 50-06 
1-418 10-57 39-20 32-43 53-41 
1-455 7-12 43-96 29-29 53-03 | Mixed crystal 
1-499 5-74 47-41 30-67 54-45 ( series CD. 
1-534 4-56 53-10 27-07 55-41 
1-565 4-75 55-73 27-46 56-13 
fons 5-64 60-31 24-17 58-02 
1-626 7-20 63-60 ine ne 
1-639 8-85 65-08 23-18 60-55 
1-643 9-51 65-20 16-61 63-56 | 
a 9-48 65-40 24-21 e2-73 fj PDandl.1.0 
1-620 8-57 65-70 14-49 69-10 
1-635 7-42 66-35 16-95 71-30 
1-653 5-71 67-44 14-08 70-80 
1-677 3-78 69-47 13-22 72-22 
1-695 2-48 71-90 12-65 73-64 $ 1.1.0. 
me 2-22 72-74 win oe 
1-722 1-99 73-44 “eo a 
1-741 1-81 74-08 12-32 74-52 
1-745 1:57 75:87 9-99 7514) 
fai 1-15 76-31 3-55 77-54 
1-793 0-40 77-36 3-38 w?wwT 4g 
— 0-38 77-30 2-48 78-14 ag dia 
me 0-25 78-10 oe i 
via 0-18 78-20 1-12 79:20 1.4.6and0.1.2. 
1-798 seas 78-42 ei eis 0.1.2. 


It will be observed that the irregularities found by Roozeboom 
and Mohr (loc. cit.) for the compositions of the mixed crystals are 
not shown here. To ascertain the cause of these irregularities, 
experiments were carried out in order to observe the effect of time 
of shaking on the composition of the crystals. Three mixtures of 
similar composition were made up; one was rotated in a sealed 
tube in a thermostat for one hour, another for one day, and the 
third for four days. It was found that the ferric chloride content 
of the first crystals to separate was relatively high, whereas after 
one day’s shaking the ferric chloride content had fallen to a 
small value, which remained practically unchanged after four 
days’ shaking. Interesting changes take place in the crystals 
during this time (compare Retgers, loc. cit.; Mohr, loc. cit.; van 
der Kolk, Z. physikal. Chem., 1893, 11, 167), but further investi- 
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gation by a crystallographer is necessary. The composition of the 
crystals depends also on the amount which separates from the 
mother-liquor. This variation in composition is considered in 
detail in another paper on the analogous system containing man- 
ganous chloride. It is evident, therefore, that a regular series of 
mixed crystals can be obtained only if one shakes the mixtures for 
along time and obtains about the same low ratio of solid to liquid 
ineach case. Failure to maintain constant conditions may account 
for.the irregularities in earlier work. 


Now consider the question of the compositions of the mixed 
crystals at the ammonium chloride end (AB, Fig. 1). The residue 
method will not indicate these, and therefore analyses of the dried 
crystals must be made. An examination of Fig. 1 shows that the 
maximum amounts of water and ferric chloride in this series of 
crystals are very small compared with the amount of ammonium 
chloride, hence any mother-liquor adhering to the dry crystals 
will introduce a very large error in the ratio of the mols. H,O per 
mol. FeCl, contained in the crystals. Roozeboom attempted to 
dry a sample of these crystals, and obtained results which led 
him to believe that the ratio of mols. H,O per mol. FeCl, was 
4to 1. Retgers, on the other hand, believed the ratio to be 1 to 1. 
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Several attempts were made to dry these crystals on porous 
tiles placed in a desiccator over some of the mother-liquor. It 
was found on analysis that the mols. H,O per mol. FeCl, varied 
from 3:0 to 5°6 in different samples. The view is taken that these 
crystals were not quitedry. The quantity of mother-liquor adhering 
to them need not exceed 1 per cent. in order to reduce the ratio 
to 1. When crystals belonging to the series CD (Fig. 1), in which 
there is little doubt that the ratio of mols. H,O to mols. FeCl, is 
very near unity, were dried in a similar manner, they were found 
to be still slightly wet. If one assumes that the amount of adhering 
liquor is the same in each case, then after making allowances for 
this in the ammonium chloride series, one obtains results which 
may be represented by points on the line AD. This is in agreement 
with the view of Retgers. 

Consider now the solids in equilibrium with solutions on the 
second curve (FG). Both Roozeboom and Mohr state that a 
single solid is in equilibrium with all solutions on this curve, namely, 
the double salt 2.1.1. It will be seen from Fig. 1 that the results 


at 25° do not support this view. The tie-lines converge only | 


approximately to 2.1.1. On close examination it will be seen 
that actually a mixed-crystal series exists, although with narrow 
limits. The results at 60° (CD, Fig. 2) show that a similar series 
exists at that temperature. Every solution represented by a point 


on the solubility curve, then, is in equilibrium with a different ] 


solid (compare Rivett, Chem. News, 1921, 123, 251). 

When the amount of ammonium chloride in the saturated solution 
falls below 2°29 per cent., ferric chloride hexahydrate is the solid 
in equilibrium. No doubt there is a mixed-crystal series here also, 
but it is quite beyond our power to detect it. 

In Fig. 2 the results obtained at 60° are represented. In addition 
to the two mixed-crystal series mentioned above, three other solid 
series appear which can be represented by 1.1.0, 1.4.6, and 
0.1.2, within the limits of experimental error. The error is 
greater in those systems containing a large amount of ferric chloride, 
owing to the densities of the solutions and the fine state of division 
of some of the crystals making satisfactory separations difficult. 

Mohr (loc. cit.) mentions the compound 1 .1 .0, the existence of 
which is confirmed by this work. But, taking his figures at 45°, 
the point corresponding with the second new compound he mentions 
(1.2.4) lies within his heterogeneous region 1 . 1 . 0—saturated 
solution. It cannot therefore be in stable equilibrium with any 
solution at this temperature. 

With regard to the solids in equilibrium with the next curve 
(HJ), if one looks for simple proportions of the components the 
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residue method gives a choice of at least two, 1.3.3 and 1.4.6, 
for it will be observed that the tie-lines pass through both these 
points within experimental error. Analysis of crystals dried on 

rous tiles decides in favour of the latter, the ratio of mols. 
NH,Cl : mols. FeCl, : mols. H,O being 1 : 409 : 6:2. 

It is taken as proved, from the work of Roozeboom, that the 
solid in equilibrium with the solutions along the curve JK is 
FeCls,2H,O. Presumably both here and in the 1.1.0and1.4.6 


Fia. 2. 
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cases there exist mixed crystals with differences in composition less 
than the errors of measurement. 


Summary. 

1. The work of Roozeboom and Mohr on the compositions of 
ferric and ammonium chloride mixed crystals has been extended 
at 25° and 60°. 

2. The existence of the alleged compound, 2NH,CI,FeCl,,H,0, 
has not been confirmed. A mixed-crystal series with narrow limits, 
the members of which approximate to this composition, has been 


found. 
3. The existence of the compound NH,Cl,FeCl, mentioned by 


Mohr has been confirmed at 60°. 
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4. The compound NH,CI,2FeCl,,4H,O, mentioned by Mohr, is 
theoretically impossible as a stable solid if one takes his figures at 
45°. No such compound has been found at 60°. 

5. A new solid, NH,Cl,4FeCl,,6H,O, has been found to separate 
from certain solutions at 60°. 


In conclusion, I desire to express my thanks to Dr. A. C. D, 
Rivett, whose help was invaluable throughout this work. 


UNIVERSITY OF MELBOURNE. [Received, April 9th, 1923.) 


CLVII.—A Critical Solution Temperature for Solids in 
the Binary System Ammonium Chloride-—Manganous 
Chloride Dihydrate. 


By FREDERICK WILLIAM JEFFREY CLENDINNEN and ALBERT 
CHERBURY Davip RIVETT. 


THE analogy between two-phase systems of liquid—vapour and 
liquid-liquid appears to have been pointed out first by Nernst 
(Z. physikal. Chem., 1889, 4, 383). Later, Masson (ibid., 1891, 
7, 500) developed the comparison in some detail, particularly from 
the side of temperature influence, and proposed the term “ critical 
solution temperature ”’ for the point of complete miscibility of two 
liquids experimentally established in several cases by Alexejew 
(Wied. Ann., 1886, 28, 305), thus emphasising the likeness between 
it and the critical temperature of liquid and vapour. Ramsay 
(Z. physikal. Chem., 1891, 7, 511) suggested that the similarity 
would be more correctly shown if one plotted isotherms giving 
osmotic pressures against specific volumes, instead of the isobars 
of Masson. The parallelism cannot, however, be regarded as 
complete, since the lower critical solution temperatures in liquid- 
liquid systems have no counterpart in liquid—vapour systems 
(compare Biichner in Roozeboom’s “ Das Heterogene Gleichge- 
wicht,”’ II, ii, p. 2 onwards). 

The recognition of solid solutions by van’t Hoff (Z. physikal. 
Chem., 1890, 5, 322) might have suggested the possibility of a 
similar critical solution temperature for a solid—solid binary system, 
but no case appears to have been described. We have been led 
by two pieces of evidence to seek for such a point in the system 
ammonium chloride-manganous chloride dihydrate, investigated 
through the ternary system containing the two salts and water. 
In the first place, a glance at the diagrams in an earlier com- 
munication (Clendinnen and Rivett, T., 1921, 119, 1329) giving 
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this system at 25° and 60° will show that the break near the 
ammonium chloride end in the formation of mixed crystals between 
ammonium chloride and manganous chloride dihydrate is decidedly 
greater at 60° (loc. cit., p. 1331, line FG in Fig. 1) than it is at 25° 
(p. 1333, Fig. 2). Again, in the very similar system with cobaltous 
chloride in place of manganous chloride (Clendinnen, T., 1922, 
121, 804), complete miscibility of ammonium chloride and the 
dihydrate is realised in the corresponding portion of the system 
at 60°. So that a critical solution temperature in each system would 
appear to be a possibility. We have confined attention to the 
former. 

To establish the case thoroughly it has been considered necessary 
to work at 70°, 60°, 50°, 40°, 32°5°, 25°, 20°, and 10°, the experi- 
mental procedure being much the same as in the previous paper. 
As usual, the effect of pressure has been left out of consideration, 


TABLE I. 
Effect of variation of complex at 25°. 


Percentage composition. 


Solution. Residue. 

No. D‘. NH,Cl. MnCl,. NH,(Cl. MnCl. 
1 1-101 26-56 3-22 66-9 5-59 
2 1-101 26-56 3-29 69-2 4-14 
3 1-103 26-36 3-56 84:5 3-13 
4 1-142 23-65 8-51 61-3 7-58 
5 1-144 23-49 8-70 62-9 7-22 
6 1-149 23-13 9-32 75:5 5-73 
7 1-184 21-14 13-31 55-2 13-87 
8 1-186 20-90 13-61 65-2 13-57 


since the alteration in solubility brought about by moderate change 
in pressure is quite negligible. As will be seen, the isotherms 
obtained leave no room for doubt about the existence of a lower 
critical solution temperature at a little under 25°: but to deter- 
mine the precise value of the temperature is another matter. For 
since the composition of solid phase varies progressively with that 
of the liquid, it follows that if such an amount of solid as is required 
for accurate analysis be separated from a solution, its composition 
is likely to be an average of innumerable layers, each differing 
slightly from the next, rather than to be throughout that which is 
in equilibrium with the final liquid. That this is so is clearly seen 
from Table I and Fig. 1, the latter reproducing a part of a triangular 


diagram. 
Complexes of 50 grams, of mean composition represented by the 
crosses 1, 2, 3..., were heated to homogeneity in sealed glass 


tubes and then rapidly cooled to 25° and rotated at that tem- 
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perature for about twenty-four hours in a thermostat. The analyses 
of solutions and residues show that when the percentage of man- 
ganous chloride is low (as in cases 1, 2, and 3) the composition of 
the residue varies greatly with that of the complex. The variation, 
however, is less when the proportion of manganous chloride increases 
(as in 4, 5, and 6) and has become very small in the region of the 
complexes 7 and 8. Fortunately, the latter happens to be the 


Fia. 1. 


H,0 


part in which the main portion of this investigation lies. By 
keeping complexes always of such composition that only about 
three grams in fifty separate as solid, the doubt as to the precise 
solid in equilibrium becomes slight, although it remains sufficient 
to make the determination of the exact critical point uncertain. 
The difficulty can be overcome, but since we have been concerned 
with establishing the existence of a critical temperature rather 
than with its precise determination in a particular instance, the 
extra work has not seemed worth while. 
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EXPERIMENTAL. 


Table IL gives the experimental figures for eight isotherms, the 
figures quoted for 60° and 25° being additional to those already 
published, and at 25° correcting some of the latter. Densities 
(Dy) have been determined for all solutions, and compositions of 
these and of the residues (wet solids) are given as percentages by 
weight of ammonium chloride and anhydrous manganous chloride. 
Water, found by difference, is not quoted. In the last column is 
the percentage of ammonium chloride in the dry solid, a figure 
obtained graphically in 
each case for the point of 
intersection in a  tri- NH,Gl 
angular diagram of the 
line solution—residue pro- 
duced and that joining 
the points corresponding 
with pure NH,Cl and 
MnCl,,2H,O. Fig.2 shows 
these results, including 
some from the previous L 
paper, plottedinatriangle +0 _\/ 
of which only so much is 
reproduced as is neces- 
sary. From 70° to 25° 
there are two curves inter- 
secting sharply along the } 
line ab. This line is 
practically straight up to 7 a / 
60° and then is markedly 4 9<--——¥ . ~—> Mn 
deflected. This change of HOS ‘1 v. Mr . 
direction at higher temperatures will be investigated further if it 
proves to be of any interest. Below 25°, the points lie on con- 
tinuous curves. To show this more definitely, one must plot the 
results rather differently, and probably the simplest way is that 
reproduced in Fig. 3. As ordinates are taken the percentages of 
ammonium chloride in liquids (column 3, Table II), and as absciss 
the percentages in the dry solids in equilibrium with these (last 
column, Table II). These curves therefore show the relative distri- 
bution of ammonium chloride between liquid and solid phases. 


Fia. 2. 


Discussion of Results. 


These distribution isotherms permit one to divide the whole 
field into several regions. A and B are regions of existence of 
homogeneous, single-phase, mixed crystals. C is a heterogeneous 
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TaBLeE II. 
Percentage composition. 
Solution. Residue. Dry solid. 
Temp. D‘. NH,Cl. MnCl, NH,Cl. MnCl, NH,Cl. 
70° 1180 30-55 1213 65-9 17-49 75:6 
1-189 30-11 12:67 50-6 17-46 = 71-1 
1:195 29-63 13:48 66-7 29-89 69-5 
1:196 29-58 13-43 57:6 21-21 68-4 
1-200 29-38 13-75 49:5 22-23 = 63-5 
_- 29-28 13-62 548 23-32 64:8 
1-201 2885 13:98 46-2 24:00 594 
1-200 28:75 14:28 48-9 27-20 573 
1-207 28-10 1486 46-9 28:15 55:2 
1-207 27-86 14:96 46-3 29-89 53-7 
1-211 27-43 15:60 43-1 31-24 50-2 
1-213 27-11 1585 40-95 29-50 49-8 
1-219 2667 1606 42-4 33-12 48:3 
60° 1:187 2851 12-26 52-1 16-72 73-4, 
1:195 27-88 13:34 60-2 20:20 70-8 
1:197 27-69 13-63 59-2 21-02 69-6 
— 27-53 13-78 56-4 20-49 69-3 
1:197 27-52 13:80 526 19:86 69-0 
1:199 27-52 13:90 546 20-34 69-1 
1-202 27-40 14:07 61:3 19-93 68: 
1:204 27-40 14:07 54:85 22-51 66-4) Two solid 
1-205 27-41 1405 651-1 22:09 65:3f phases. 
1-201 27-35 1413 65:3 21:77 67-8 
1-202 27-30 1417 53-1 21:06 67:6 
1-202 27-30 1418 49-0 21:10 67-4 
1-202 27-25 14:27 60-95 24:56 66-4) Metastable. 
1-205 27-20 1430 47:6 20-81 65-7 
1:204 27-11 14:52 52-75 22-63 65-3 
— 27-50 13:85 48-85 2440 60-8 
1-202 27-15 14:18 4445 22:87 60-2 
1:200 26-79 1440 481 26-19 59-2 
1-207 2630 14:94 50:8 31:19 = 555 
1-212 2627 15:00 45-2 27-22 559 
1:213 25:32 1612 42-2 28-26 53-2 
50° 1:168 27-41 11:09 64:5 14-67 788 
1:177 26-79 12:04 63-8 17:32 75:3 
1:190 25:85 13-64 59-8 19-01 72-5 
1:200 25:22 1465 56:82 21:55 68-3 
1:200 2481 14:89 45:5 24-41 59-6 
1-211 23-79 16:07 49:35 30-66 55-6 
1-2165 23-10 16:94 46-7 31:89 53-2 
40° 1-108 29-36 3:98 67-6 5-76 = 96-5 
15138 27-34 768 61-6 8-02 89-0 
1-150 26-58 913 66:3 10-38 85-4 
1-162 25-77 1062 61-7 14-24 81-2 
1:174 25-07 11-85 60-4 14:05 79-7 
1:181 2462 12-63 61:3 15-74 77-8 
1:190 24-02 13-68 651-9 16-20 75-6 
1:198 23-48 1463 652-1 18-01 72-6 
1-206 23-97 15:49 53-7 20-55 69-4 
1-210 22:16 1609 44-9 24-83 60-2 
1217 21-55 16-92 46-9 27-78 57-6 
1-226 20:96 17-60 44-8 28-86 55-7 
1-229 18:30 44-4 30-25 54-0 
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TABLE II.—(continued.) 


Percentage composition. 


Residue. 


Dry solid. 


Solution. 
Temp. D>. NH,Cl. MnCl, NH,Cl. MnCl, NH,Cl 
40° 1-255 17-98 21-28 29-9 29:8 46-4 
1-288 14-52 25-16 30-9 36-2 42-7 
1-326 11-17 29-21 28-0 38-7 40-6 
$2-5° 1-168 24-22 10-79 62-4 12-02 83-4 
1-176 23-25 12-21 53-5 13-10 81-4 
1-186 22-63 13-35 59-0 15-00 79-3 
1-195 22-07 14-40 57-1 16-60 76-5 
1-203 21-56 15-28 59-0 18-43 74-1 
1-206 21-27 15-64 47-7 18-70 71-7 
1-211 21-07 16-07 54:8 20-68 70-1 
1-210 20-98 16-00 54-8 21-01 69-6 
1-212 20-79 16-39 52-0 21-65 68-0 
1-216 20-68 16-60 52-2 22-85 66-5 
1-212 20-84 16-41 49-6 22-41 66-1 
1-211 20-48 16-20 46-6 24-47 61-5 
1-213 20-26 16-39 47-65 25-33 60-8 
1-215 20-11 16-91 45-6 25-33 60-3 
1-216 20-07 16-86 46-1 25-66 60-1 
1-218 19-81 17-36 49-4 27-29 59-6 
1-227 19-18 18-20 45-2 27-73 57-8 
1-234 18-57 18-97 46°8 30-89 55-1 
1-249 17-29 20-64 45-7 32-20 53-4 
25° 1-216 19-13 17-00 45-9 20-31 69-25 
1-218 19-08 17-05 32-5 18-58 69-25 
1-220 18-89 17-39 46-7 22-08 66-5 
1-220 18-31 17-70 42-5 23-93 62-0 
1-222 18-17 17-73 39-9 23-81 60-9 
1-227 17-48 18-53 46-5 27-22 59-4 
1-235 16-74 19-63 46-0 29-93 56-5 
1-251 15-67 21-11 43-8 31-79 53-8 
20° 1-176 20-55 12-27 61-7 12-15 84-2 
1-195 19-38 14-54 66-4 14-80 80-4 
1-206 18-69 15-84 58-8 16-75 77-5 
1-207 18-62 15-93 54-85 16-87 77-2 
1-213 18-23 16-66 55-8 19-20 73-5 
1-218 18-00 17-00 54-1 20-67 71-1 
1-221 17-75 17-44 57-55 22-15 69-2 
1-222 17-59 17-70 49-0 22-30 67-4 
1-226 16-74 18-35 46-4 25-19 62-5 
1-243 15-60 20-18 50-9 29-88 58-8 
1-263 13-95 22-45 47°5 32-65 54-7 
10° 1-179 17-58 13-53 61-6 12-32 84:8 
1-193 17-01 14-87 55°8 14-87 81-1 
1-202 16-46 15-93 54-4 15-69 79-4 
1-213 15-79 17-40 61-2 18-93 75-1 
1-223 15-20 18-52 55-6 22-45 69-2 
1-230 14-11 19-41 53-5 26-53 63-5 
1-242 13-35 20-77 52-0 28-69 60-9 
1-259 12-49 22-22 42-4 28-73 58-3 


region, and solids of mean composition represented by points 
falling within it separate at stable equilibrium into two phases 
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capable of existing together and with a solution. At 70°, there 
is a considerable gap, ab, between the compositions of co-existing 
solids. With fall of temperature the gap narrows, or mutual 
solubility of ammonium chloride and manganous chloride dihydrate 
increases, showing that the formation of the solid solutions is 
exothermic. The solids steadily approach one another, the curve 
acb connecting the successive values of the two series of solid 
phases. At a temperature probably a little below 25°, the regions 
A and B merge into one another 
and the two curves ac and be 
join together. c is clearly a 
(lower) critical solution point, 
and below it complete miscibility 
is characteristic of ammonium 
chloride and the dihydrate within 
the portion of the binary system 
studied. Thus at 20° there is no 
break in the distribution curve 
rst, although there is a most 
distinct point of inflexion at s. 
At 10°, the inflexion is less, 
although still very obvious. 
Measurements have been made 
also at 0° and —10°, but here 
irregularities have appeared which 
suggest formation of metastable 
solids changing only slowly to 
stable forms, and further work is 
eer iss necessary; this, however, does 
| | corr. hy not affect the establishment of 
33: foe 2 oe lS the critical solid-solution tem- 
385 45 55 65 75 85 95100 perature. 
Weight nae — chloride At 60° and 32°5°, metastable 
curves have been followed well 
into the region C. The results at 60° are plotted on a more open 
scale in Fig.4. The radius of the circle round each point is equivalent 
to one part in eight hundred of the ammonium chloride in solution. 
Curve AA corresponds with that in Fig. 3, with percentages of 
ammonium chloride in solution plotted as ordinates against per- 
centages in solid abscisse; curve BB is a solubility curve having 
the same ordinates, but with percentages of manganous chloride 
in solution as abscisse. 
There can be no doubt that there is continuity along a curve 
defg between the two stable parts. Of this, the”part ef will be 
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wholly unstable and unrealisable, whilst de and fg will be metastable. 
The latter, fy, has been followed very fully, but to obtain points 
on de appears impossible. Except for one point which has not 
been confirmed, in all cases, even when complexes were allowed 
as little as half an hour in the thermostat, analyses showed the 
solids to be either mixtures of d and g or else to be of compositions 
representing stages intermediate between metastable (first-formed) 
solids along de and the two stable solids d and g. At 32°5°, the 
relations are similar. 

For proper comparison with the familiar critical curve (such as 
that of Andrews for carbon dioxide) obtained by plotting vapour 


Fic. 4. 
Weight percentage of manganous chloride in solution (curve B). 
8 12 13 14 15 
26 | 


to 
J 


in solution. 


to 
i?) 


Weight percentage of ammonium chlorid 


73 
Weight percentage of ammonium choride in solid (curve A). 


pressure against specific volumes in the co-existing phases of vapour 
and liquid, it would be necessary to plot the diffusion pressure of 
one of the components against its specific volumes in the respective 
co-existing solids. The diffusion pressures, equal in the two solids, 
would of course be functions of the osmotic pressure of the same 
component in the solution with which both solids are in equilibrium. 
Although it is not possible to obtain these quantities, it is evident 
from Fig. 3, where weight percentage of ammonium chloride in 
solution is plotted against that in the solid, that the relationships 
on the one hand between osmotic pressure and weight percentage 
of ammonium chloride in the solution, and on the other between 
its specific volumes and weight percentages in the two solids, are 
such that the existence of a critical solution temperature remains 
apparent when these more readily attainable quantities are plotted. 
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HIRST AND PURVES: THE STRUCTURE OF'* 


CLVIII.—The Structure of the Normal Mono- 
saccharides. Part I. Xylose. 


By Epmunp LaneLey Hirst and Ciirrorp Burrover Purvis, 


THE prevalent use of the phrase “ butylene-oxide sugar ”’ to specify 
a derivative of the normal or stable type is an indication of the 
wide extent to which this view of sugar structure has found accept. 
ance amongst organic chemists. The evidence in favour of this 
particular structure is drawn mainly from a consideration of the 
spatial relationships of the four valency bonds of the carbon aton, 
the formation of a five-membered butylene-oxide ring involving 
little strain in the molecule. Whilst it may be true that the 
chemical properties of the normal sugars have almost all found a 
ready interpretation on the assumption of a y-oxidic linking, 
nevertheless a review of the recent investigations carried out by 
Helferich and Malkomes (Ber., 1922, 55, [B], 702) and by Ber. 
mann and Miekeley (ibid., 1390) shows that the existence of 
5-lactonic rings in sugar derivatives is a possibility that must 
seriously be taken into consideration. These investigators have 
found that 6-hydroxy-aldehydes and -ketones react in the form 
of lactones containing an amylene-oxide ring, and these lactones 
were found to show a remarkable parallel in their behaviour to 
aldoses and ketoses. In view of these results, the question of the 
structure of the oxygen bridge in normal sugars and their deriv. 
atives must be regarded as still an open one. The properties of the 
few ethylene-oxide and propylene-oxide compounds which have 
been prepared render it very unlikely that either of these structures 
will be found to be present in normal sugars, but any attempt to 
make a clear decision between the butylene-oxide and amylene- 
oxide ring systems is rendered more complicated by the fact that, 
whilst the 6-hydroxy-aldehyde of Helferich and Malkomes resembles 
a normal sugar in its behaviour, the 6-hydroxy-ketone prepared by 
Bergmann and Miekeley is comparable to the y-sugars. 

It is highly desirable in a problem of such fundamental import- 
ance as the nature of the oxygen bridge linking in carbohydrates 
that the conclusions should be based on direct and well-established 
chemical evidence, and the present series of investigations has 
been undertaken with the object of securing such evidence. In 
this communication, results are described which have been obtained 
from a study of the pentose sugar, xylose. The experimental 
method adopted follows lines which have been developed by 
Principal Irvine and his collaborators, and which in their hands 
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have been applied with uniform success to a whole series of problems 
in the carbohydrate group. In the first place, the free hydroxyl 
groups of the sugar molecule are replaced by more stable groupings, 
so that the possibility of any change in the oxygen bridge linking 
during the course of the subsequent experiments is either eliminated 
entirely or rendered easily observable. For this purpose, eminently 
suitable derivatives are to be found in the fully methylated hexoses 
and pentoses. The lactoné ring in such a compound is then opened 
up by oxidation and thereafter, by continuing under more drastic 
conditions, the alcoholic group thus produced is oxidised to 
carboxyl. A dibasic acid is formed in this way and the nature of 
the lactone ring in the original sugar is ascertained by identification 
of the final products of the reaction. Investigations were first 
carried out with xylose, and the choice of a typical pentose was 
determined by several considerations. In the first place, the 
chemistry of the pentoses is considerably less developed than that 
of the hexoses, and therefore the need for evidence as to structure 
is all the greater. In addition, oxidation of a methylated pentose 
presents a simpler case than that of the corresponding hexose 
derivative, in that a hexylene ring is automatically ruled out of 
account and an amylene-oxide structure would involve oxidation 
of a primary alcohol group, which is known to be more readily 
accomplished than oxidation of the secondary group which would 
be formed from a hexose derivative possessing the same ring 
structure. This choice has proved to be singularly fortunate in 
actual practice, in that xylose has proved to be one of the simpler 
cases, and the experimental evidence appears to leave little room 
for doubt that xylose possesses an amylene-oxide structure. Oxid- 
ation of §-trimethyl methylxyloside (I) and of trimethyl xylose 
itself, under considerably more drastic conditions than those 
usually employed in the sugar group, resulted in an excellent yield 
of inactive xylotrimethoxyglutaric acid * (III), which was isolated 
first of all as its dimethyl ester (IV), this being afterwards converted 
into the diamide (V), and also into the free acid. Analytical data 
have been obtained for all these derivatives, and in view of the 
importance of the results the whole series of operations, which 
may be represented by the scheme given below, has been repeated 
on different occasions, and identical results have been obtained in 
each set of experiments. 


* Note on nomenclature: The acid has been named in accordance with 
the nomenclature adopted in the literature for the dibasic acids of the pentose 
series. These are all trihydroxyglutaric acids and they may conveniently 
be differentiated by prefixing the name of the sugar from which they are 
obtainable. 
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[bone 0-OH ¢0-OH 
H-C-OMe H-C-OMe H-C-OMe 
O Me0-C-H — > MeO--H —+> MOCH —-+> 
| wd-OMe H-C-OMe H-(-OMe 
bacilli, H,:OH CO-OH 
(I.) (II.) (III.) 
¢O-OMe O-NH, 
H-G-OMe H-C-OMe 
MeO-C-H — MeO°-C-H 
HOM HOM 
O-OMe O-NH, 
(IV.) (V.) 


Special interest attaches to the formation of the diamide, which 
is a crystalline substance and therefore may be obtained in a state 
of purity definitely free from admixture with other substances, 
Evidence of this kind is specially welcome in the present case, 
where the compounds to be identified were syrups, and the homo- 
geneous nature of successive crops of the crystalline amide is by 
itself practically conclusive evidence that the syrups, which on 
analysis gave figures corresponding to (III) and (IV), were simple 
substances, and that xylotrimethoxyglutaric acid had therefore 
been obtained from methylated xylose. A remarkable peculiarity 
was displayed during the formation of the amide from the ester 
by the action of ammonia in methyl-alcoholic solution, the inter. 
pretation of which provides a striking confirmation of the presence 
of glutaric acid derivatives. Before crystals of the amide began 
to be deposited, the solution turned deep violet in colour, after- 
wards becoming reddish-brown, whilst the amide itself on being 
heated in air fused to a dark blue liquid. This may be explained 
as being due to the formation of the imide of trimethoxyglutaric 
acid, which then loses methy] alcohol to form a dihydroxydimethoxy- 
pyridine. Reference to the work of Rogerson and Thorpe (T., 
1905, 57, 1685) shows that dihydroxypyridines are known to 
oxidise in the presence of oxygen to give blue substances. The 
change is probably due to the production of a structure similar 
to that present in indigotin, whilst on further oxidation a deepening 
of the colour would be expected. 

The substances isolated from the oxidation experiments appeared 
to be perfectly homogeneous, and on several independent occasions 
identical materials giving the same analytical figures were obtained, 
but in view of the unexpected nature of the results it was felt 
that every possible interpretation should be examined. Accord- 
ingly, attempts were made to find whether any possible mixture 
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of compounds might be obtained from xylose which would give 
results similar to those found by experiment, and from an exhaustive 
survey of the possible oxidation products obtainable from a fully 
methylated xylose possessing an ethylene-, propylene-, butylene-, 
or amylene-oxide structure, it appeared that the only mixture 
which needed serious consideration as giving approximately the 
same analytical figures for all derivatives (acid, methyl ester, and 
amide) as those actually found was one composed of dimethoxy- 
succinic acid (50 per cent.) and trimethoxyxylonic acid (50 per 
cent.), which might be derived from xylose if the sugar had a 
butylene-oxidic linking. It quickly became apparent, however, 
that the product isolated could not possibly consist of this 
particular mixture. An examination of the stereochemical con- 
figuration of xylose shows that this dimethoxysuccinic acid and its 
ester should be optically active in the dextrorotatory sense. Xylonic 
acid shows only slight activity and therefore it is probable that a 
mixture of trimethoxyxylonic acid with dimethoxysuccinie acid 
would be optically active. The product actually isolated was 
definitely inactive. That this inactivity was not due to racemisation 
during the vigorous oxidation process was proved by the observa- 
tion that the more reactive d-tartaric acid showed no sign of 
racemisation when treated under the same conditions. Further- 
more, the diamide of dimethoxysuccinic acid is readily obtainable 
from the ester, and is a well-characterised and easily identified 
substance (Purdie and Irvine, T., 1901, 79, 960). The fact that 
no trace of this substance was formed during any of the prepar- 
ations of the amide now described points strongly to the complete 
absence of dimethoxysuccinic acid, and provides additional evidence 
in favour of the conclusion that oxidation of methylated xylose 
gives a dibasic acid without loss of a methoxyl group. A result 
of this nature would be quite impossible assuming a butylene- 
oxide structure in the original sugar, and therefore the experi- 
mental evidence here described would appear to indicate definitely 
that xylose possesses an amylene-oxide linking, a result with 
which the chemical properties are in complete agreement. Most 
of the reactions of the sugar may be explained equally well on 
the basis of either a butylene- or an amylene-oxide ring structure, 
but certain characteristic properties, such as the ready trans- 
formation to furfural, can be more easily understood on the basis 
of the new formula. Thus the production of a furan ring with a 
free aldehyde group involves the formation of an oxygen bridge 
linking between the second and the fifth carbon atom of the chain, 
and this would be expected to take place more readily if the fifth 
carbon atom was already involved in a linking of this type. It 
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is especially interesting that xylose should have this type of ring 
structure, in view of the evidence obtained by Haworth and Linnell 
(this vol., p. 294) and by Haworth and Mitchell (ibid., p. 301) that an 
amylene-oxide ring is present in tetramethyl y-fructose. Methylated 
xylose does not show the characteristic reactivity and instability 
of y-sugars, but reference once more to the behaviour of the 
5-hydroxy-aldehyde (VI) of Helferich and Malkomes as compared 
with the much greater reactivity of acetylbutyl alcohol (VII), 
investigated by Bergmann and Miekeley, shows that there is not 
of necessity any incompatibility in the two results, for xylose 
corresponds to the hydroxy-aldehyde, which has properties resemb- 
ling those of the normal sugars, whilst fructose corresponds to the 
acetylbutyl alcohol, with properties similar to those of y-sugars. 


CHO -CH-OH CH, CH, 
CH, | CH, CO -¢-OH 
CH, or 9 CH, CH, or | GH, 
CH, | CH, CH, O GH, 
CHMeOH  “CHMe CH, | CH, 
, CH,°OH LOH, 
(VI.) (VII.) 


As the result of experiments conducted with xylose alone, it 
cannot be claimed that the structure of the normal pentoses or 
hexoses in genera] is of the amylene-oxide type, and the whole trend 
of the argument advanced is to emphasise the need for independent 
structural investigation in the case of each of the sugars, and it is 
proposed to extend on these lines the work which is described in 
the present paper. 

EXPERIMENTAL, 


The trimethyl methylxyloside and the trimethyl xylose required 
as starting materials for the present investigation were prepared 
from xylose in the manner already described (Carruthers and 
Hirst, T., 1922, 121, 2299), the xylose itself being obtained from 
esparto cellulose (Hirst, Brit. Assoc. Reports, 1922; J. Soc. Chem. 
Ind., 1922, 44, 3928). The alkylation of the sugar proceeded 
normally to give #-trimethyl methylxyloside and thus requires no 
further comment. 

Oxidation of Trimethyl Methylayloside.*—Complete details are 


* An important economy in material was effected as a result of the 
observation that equally good yields of product, identical with that obtain- 
able from the free sugar, could be isolated by oxidising the corresponding 
methylxyloside. When the low yield of trimethyl xylose obtainable from 
trimethyl methylxyloside is recalled (Carruthers and Hirst, loc. cit.), the 
saving both of time and material is found to be considerable. The method 
is obviously of importance in other similar cases. 
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given for one oxidation only, but the series of operations has been 
carried out on other occasions also, both with trimethyl methyl- 
xyloside and with trimethyl xylose, to give results identical with 
those described. In one case, a further account of which is given 
below, the isolation of the products was rendered more complicated 
owing to the presence of some incompletely oxidised material, but 
here also the main product proved to be the same as that obtained 
in each of the other experiments. Crystalline trimethyl methy]l- 
syloside (5°0 grams) was dissolved in 80 c.c. of nitric acid (d 1-20), 
and the temperature of the solution maintained at 90° until the reac- 
tion commenced. The temperature was then lowered to 80° and kept 
at this point for a period of six hours, until the evolution of oxides 
of nitrogen, which at first took place very vigorously, had ceased 
entirely. The clear, colourless solution was then diluted with an 
equal bulk of water, and the greater part of the nitric acid removed 
by distillation under diminished pressure from a water-bath at 50°, 
water being added continuously as distillation proceeded, until 
altogether some 2 litres had passed through the apparatus. On 
concentration to a syrup under the same conditions, a colourless 
glass was obtained which still reacted strongly acid to congo-red. 
This was dissolved in methyl alcohol, and the solvent distilled 
away to remove the last traces of water from the system, after 
which the syrup was treated with 60 c.c. of methyl alcohol con- 
taining 3 per cent. of hydrogen chloride. Esterification of the 
carboxyl groups was effected by boiling the solution for six hours 
under a reflux condenser. Silver carbonate was used to remove 
the hydrochloric acid and on evaporating the neutralised solution 
a syrup was obtained which contained some silver nitrate, formed 
from the nitric acid which still remained in the system. This was 
eliminated by dissolving the syrup in ether and filtering, the 
inorganic material being insoluble. After removing the ether, a 
neutral, yellow syrup resulted which was purified by fractional 
distillation under diminished pressure. The isolation of the 
oxidation products in the form of their methyl esters was found 
to be much more convenient than attempting a direct examination 
of the free acids, for adoption of this method of procedure rendered 
possible the separation and purification of the reaction products 
by simple distillation. From the original 5:0 grams of trimethyl 
methylxyloside the following fractions were obtained : 

I. 4:2 Grams, b. p. 132°/12 mm. (bath 154°); mi? 1:4402, the 
last portion of the fraction showing n}> 14408, 
IT. 0°3 Gram, b. p. 140—160°/12 mm.; n> 1-4418. 
ITI. Still residue negligible. 
Methyl Xylo-trimethoxyglutarate——The main fraction was a 
VOL. OXXIII, 3A 
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colourless, mobile oil which could not be induced to crystallise. 
It had the chemical properties of an ester, did not reduce Fehling’s 
solution even on continued boiling, and was soluble in all the usual 
organic solvents, solution in water being accomplished without 
hydrolysis of the ester. It was optically inactive in methyl. 
alcoholic solution under conditions (c = 2, 1 = 2) where a specific 
rotation of + 1° would easily have been detectable. The analytical 
figures and the optical inactivity showed it to be the dimethy! 
ester of an inactive trimethoxyglutaric acid [Found: C = 48+; 
H=7:5; OMe= 60°5; CO,Me = 46°6. (CH-OMe),(CO.Me), re. 
quires C = 48:0; H = 7:2; OMe = 62; CO,Me = 47°2 per cent.]. 
The carboxyl groups were estimated by hydrolysis of a weighed 
quantity of the ester with a known excess of caustic soda solution. 
The molecular weight of the ester in benzene solution was found 
by the cryoscopic method to be 242 (calc., 250). The yield of 
analytically pure material amounted to 70 per cent. of the calculated 
quantity. 

Xylo-trimethoxygluiaric Acid.—The ester was warmed with excess 
of a solution of barium hydroxide in water for one hour at 80—90°, 
the barium was removed as sulphate by the addition of the exact 
quantity of sulphuric acid, and the colourless solution was evaporated 
to dryness under diminished pressure. In this manner a viscous, 
yellow syrup was obtained which at the ordinary temperature was 
almost a glass. Treatment at 100° in a vacuum did not result in 
the formation of any lactone or anhydride, the reaction towards 
alkali being thereafter that of a typical acid, giving a sharp end. 
point on titration in the cold with phenolphthalein as indicator. 


The acid did not reduce Fehling’s solution even at the boiling | 


point. It was found to be very soluble in water, somewhat less 
soluble in methyl or ethyl alcohol and in chloroform. It proved 
to be impossible to characterise it readily in the form of a salt, 
since the neutral thallium salt was a glass, the barium salt was 
amorphous and syrupy, and attempts to obtain crystalline deriv- 
atives with alkaloid bases were equally unsuccessful. The acid 
was optically inactive, observations being made both for the 
aqueous and the ethyl-alcoholic solutions. Analysis showed it to 
be trimethoxyglutaric acid [Found: C= 432; H = 6-44; 
OMe = 40°6; CO,H = 39°9. (CH-OMe),(CO,H), requires C= 
43°2; H = 6:36; OMe = 41:9; CO,H = 40°5 per cent.]. 
Diamide of Xylo-trimethoxyglutaric Acid—One gram of the 
dimethyl ester was dissolved in 6 c.c. of methyl alcohol which had 
been saturated with ammonia gas at 0°. After four days at room 
temperature in a stoppered tube, the solution developed a deep 


blue colour and on the fifth day crystals began to be deposited. f 
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At the end of ten days, formation of the amide was complete and 
on evaporation to small volume a further quantity of crystals was 
obtained, the mother-liquors by this time being reddish-brown in 
colour. After filtration, the solid was washed successively with 
methyl alcohol and ether and finally dried in the steam-oven. 
The crystals thus prepared (0°32 gram) were white, melted sharply 
at 194 195°, and were slightly soluble in the cold in water, ether, or 
methyl or ethyl alcohol, and dissolved more readily in these solvents 
at higher temperatures. Recrystallisation could be carried out 
easily from a mixture of ether and ethyl alcohol, the recrystallised 
specimen melting at 195°. From solution in methyl alcohol, the 
amide was obtained in short rods of characteristic appearance 
under the microscope. Ammonia was evolved when the substance 
was heated in air, the melt becoming first of all deep blue and 
afterwards brown. ‘The crystalline appearance, the failure to 
sublime when heated, the solubilities, and the melting point all 
sharply distinguish this compound from the diamide of dimethoxy- 
succinic acid, and its identity as the diamide of xylo-trimethoxy- 
glutaric acid was confirmed on analysis [Found: C = 43°8; 
H= 7°55; N=13:0 (by Dumas’s method); OMe = 41-7. 
(CH-OMe),(CO-NH,). requires C = 436; H=727; N = 12°73; 
OMe = 42°3 per cent.]. The esters derived from the different 
oxidation experiments all gave the same amide, and the same 
succession of colour changes was observed during the preparation 
of the amide. Blank experiments definitely proved that the 
formation of the highly coloured derivatives was dependent on 
transformations undergone by the ester and was not caused by 
adventitious impurities present in the methyl alcohol. On account 
of the ease and certainty of its preparation and the readiness with 
which the pure compound may be obtained, the diamide forms the 
most suitable derivative of xylo-trimethoxyglutaric acid as yet 
available for identification purposes. 


Confirmatory Experiments. 

Three of the four oxidations carried out gave results practically 
identical with those just described, but in one case, in which the 
reaction was stopped before the nitric acid solution had become 
quite colourless, slight differences were found. 9:2 Grams of 
trimethyl methylxyloside gave 8°35 grams of ester (b. p. 132°/12 mm. ; 
nz? 1:4380; [a])p + 7°7° in methyl alcohol, c= 1-74). The 
analytical figures did not correspond with those required for any 
single substance (Found: C = 47°00; H = 7°25; OMe = 54°6 per 
cent.), and the components of the mixture were separated in the 
following manner. The syrup (6 grams) was hydrolysed with 

3A2 
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baryta, and alcohol gradually added to the resulting aqueous 
solution of the barium salts. A fractional precipitation of barium 
derivatives took place, the first portion of which was rejected. The 
remainder was treated in the usual way to give the free acid 
(3°5 grams), and this proved to be optically inactive and identical 
both in physical and chemical properties with the trimethoxy- 
glutaric acid already described (Found: C = 43:1; H = 6:48; 
OMe = 41°6; CO,H = 39°6 per cent.). Esterification in the 
usual manner gave an ester identical with that previously identified 
as the dimethyl ester of xylo-trimethoxyglutaric acid (b. p. 129°/9 
mm., nj? 1:4368) (Found: C= 480; H=7:38; OMe = 6155; 
CO,Me = 47°8 per cent.). On treatment with ammonia in methyl. 
alcoholic solution, the diamide (m. p. 195°) was obtained, the 
formation being accompanied by the characteristic colour changes 
recorded above (yield 35 per cent. In other preparations, yields 
varying from 30—40 per cent. were found). There can be no 
doubt, therefore, that in this oxidation also the main product was 
trimethoxyglutaric acid. 

In view of the lengthy treatment with hot nitric acid to which 
the oxidation products were subjected, the possibility existed that 
the optical inactivity of these compounds might be due to racemis- 
ation. Test experiments were accordingly carried out under the 
actual conditions employed during the oxidations to investigate 
the racemising action of nitric acid. It was found that with 
d-tartaric acid, which may be expected to be more sensitive to 
racemising influences than the more stable methylated acids, no 
change in the optical rotatory power was observable after six 
hours at 90° with nitric acid of density 1:2 (Found: e) + 1:13°; 
~=2, ¢c=150). Inactivation of the oxidation products by 
racemisation must therefore be regarded as highly improbable. 


The authors desire to express their gratitude to the Trustees 
of the Carnegie Trust for a grant which enabled the work to be 
carried out. 
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CLIX.—The Chemistry of the Three-carbon System. 
Part I. The Influence of the cycloHexane Ring 
on the aB-By Change. 


By STANLEY Francis Biron, GzorceE ARMAND RosBeErt Kon, 
and WooprorD StaNLEY Gowan PLUCKNETT NoRRIS 
[With an Introductory Note by Prof. J. F. THorpe}. 


Intropuctory Norte. 


Usine the term tautomerism to mean reversible isomeric change in 
its widest sense (compare Kon, Stevenson, and Thorpe, T., 1922, 
121, 650), it follows that there are two distinct manifestations of 
the phenomenon which, for the moment, do not appear to bear any 
relationship to one another. The first, which may be termed the 
“aromatic ’ manifestation, because its occurrence is associated 
with the development of aromatic character, entails valency inter- 
change unaccompanied by the movement of a hydrogen atom, 
The second, which may be regarded for similar reasons as the 
“aliphatic ” manifestation, involves the movement of a hydrogen 
atom from one element terminating a tautomeric system to that 
terminating the system at the other end. The classical example of 
ethyl acetoacetate, which is the best known illustration of the 
keto-enol change CH— C—O == C—C—OH, may be taken as typical 
of the second manifestation, and benzene the one in which the first 
is in evidence. 

When, however, the chemistry of the three-carbon system, 
RCH—C=C == RC=C—CH, is collated, it is evident that there 
are certain, apparently fundamental, differences between it and that 
of the keto-enol system, because the chemistry which has hitherto 
heen associated with the three-carbon system is that which, for 
want of a better name, has been called the chemistry of the glutaconic 
or semi-aromatic type, in which the occurrence of a normal or 
semi-aromatic form has been postulated. This form has, up to the 
present, found no counterpart in other systems exhibiting tautomeric 
change, and its occurrence seems to show that the kind of tauto- 
merism exhibited by the three-carbon system is of a different order 
from that shown by any other three-elemental system, and that 
it ought, therefore, to be placed in a class by itself. But it is 
unreasonable to suppose that the general principles underlying 
tautomerism of all three-elemental systems are not based on the 
same plan, and it is, in the highest degree, desirable to make every 
effort to bring these principles into line before placing any pheno- 
mena arising from them into water-tight compartments. If this is 
done, the following conclusions are drawn. 
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(1) In an asymmetrical glutaconic system, as in a symmetrical 
system, the normal form (C) is intermediate between the tautomeric 
individuals (A) and (B) : 

H 
CHR—C=C croc CR—=C—CH 
(A) (C) (B) 

This follows because the existence of the normal form has been 
proved thus : 

(a) «-Methylglutaconic acid exists in a normal and a labile 
modification which are both cis- forms, and are related to one 
another, chemically, in precisely the same manner as the two forms 
of 8-methylglutaconic acid. 

(6) 8-Methylglutaconic acid exists in two forms, called by us the 
normal and labile forms, which bear exactly the same chemical 
relationship to one another as do the a-methylglutaconic acids. 
Nevertheless, in this case, the possibility of isomerism, based on 
our present system of formulation, is narrowed down to that of the 
cis- and trans-type, owing to the position of the methyl group. 

This is indeed the view of the structure of these acids advocated 
by Feist. 

(c) The esters (methyl and ethyl) of methylcyclopropenedicarb- 
oxylic acid exist each in three forms, one enol and two keto (Goss, 
Ingold, and Thorpe, this vol., p. 327). In this case the question of 
cis-trans-isomerism does not arise and therefore one of the keto- 
esters must have the normal form, which means that the hydrogen 
atom cannot be placed on any element present in the formula. 

The occurrence of the normal form between the two potentially 
tautomeric individuals (A) and (B) can be proved by a number of 
experimental facts, but is probably best illustrated by the formation 
of the hydroxy-anhydride (I) from the normal acid (II) and the 
hydration of the hydroxy-anhydride under special conditions to 
the labile acid (ITT) : 

CR:CO,H <— zCR— — CR-CO,H 
CH(H)<¢y.co:H —> CA<er:c (OH)> 0 > CH<¢q,-c6,H 
(IT.) (I.) (ITI.) 
cH<CHR- CO,H 
‘CH:CO, i 
(IV.) 


The other tautomeric individual (IV) cannot, in this case, be 
produced, because its formation would necessitate the passage of 
the mobile hydrogen atom through its more stable (normal) position 
in the three-carbon system. It has already been shown that when 
it does pass out of this position to form, for example, the hydroxy- 
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anhydride, it passes away from the carbon atom carrying the 
methyl group. Feist’s view that the esters 
CO,Et-CHMe-CH:CH-CO,Et == CO,Et-CMe!CH:-CH,°CO,Et 


are tautomeric and that the identity of the «- and y-positions in 
glutaconic acid is due to this cause, cannot therefore be correct, 
and the fact that he obtained two pairs of decomposition products, 


Tical 
neric 


been Ff cach pair corresponding with each tautomeric individual, by the 
' aid of ozone merely shows that the normal ester ozonises, as one 
bile BH yould expect it to do, as if it were a mixture of the two tautomeric 
one & individuals of which it is the intermediate phase, and also that the 
rms #@ labile ester passes partly into the normal ester during ozonisation. 
The marked difference in the behaviour of the normal and the labile 
the ester towards additive reagents of the type of ethyl cyanoacetate is 
ical in itself absolute proof that they cannot be related as the tautomeric 
ids. individuals (A) and (B). 
on It is evident, however, that conditions may arise, in the glutaconic 
the Bf series and elsewhere, which will so far diminish the stability of the 
normal form as to render it merely a passing phase in the change 
ted between the individuals (4) and (B). Indeed the definite proof 


which has now been given of the existence of a normal form in all 
probability supplies the link which has hitherto been lacking 
connecting the two tautomeric individuals in all three-elemental 
systems, and therefore we have at hand an explanation of the 
mechanism by which this change occurs. [If this is so it follows: 

(2) That definite three-carbon tautomerism will be detected of 
the type 


CHR—C=C == CR—C—CH, 
corresponding with the keto-enol change 
CH—C—O == C—C—OH, 
in which the occurrence of the intermediate normal phase is 


masked; and 
(3) That the keto-enol change itself takes place through an 


intermediate normal phase : 


(H) 
CH-—C=0 = 0-C—-0 = C-C—OH. 

In the ensuing paper we have now definite proof that proposi- 
tion (2) is true, but as regards proposition (3), we have at present 
no definite experimental evidence that can be recognised as such. 
Still it must be accepted, unless we are to adopt the wholly 
unreasonable view that two exactly similar types of phenomena, in 
the three-carbon and keto-enol systems, possess totally different 
mechanisms. 


a A oo 2, 
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With this paper it has been thought desirable to start a new 
series, because although the subject now discussed is closely allied 
to the chemistry of the glutaconic acids, it covers a wider field. 


It is our purpose in this series of investigations to examine the 
conditions leading, in the three-carbon or propene series, either to 
stable normal forms of the glutaconic type, or to the production of 
equilibrium mixtures of tautomeric individuals analogous to the 
keto- and enol forms of ethyl acetoacetate. 

Now it is, we think, evident that the stability of the normal 
form of the glutaconic acids is due to the symmetry of the funda. 
mental glutaconic complex, CO,H-C-C(H)-C-CO,H, which is so great 
that this form can be isolated even when the alkyl substitution is 
asymmetrical. Hence we should not hope to isolate this form of 
an acid containing a propene system to which only one carboxy] 
group is attached. If, therefore, under suitable conditions, two 
isomeric By- and «8-unsaturated monobasic acids are of comparable 
stability, reversible isomerisation, analogous to the keto-enol change, 
may reasonably be expected. 

Actually Fittig has shown (Annalen, 1894, 283, 47) that although 
the acids (I) and (II) are distinct individuals, each perfectly stable, 
their sodium salts are interconvertible in aqueous solution. 


(1.) CH,-CH:CH-CH,°CO,H (II.) CH,-CH,*CH:CH:CO,H 


(UL) CHy <p? Gp} > CCH, COMe 
Since a mixture of acids is obtained on acidification of the equili- 
brated solution, reversible isomeric change, that is, tautomerism 
(Kon, Stevenson, and Thorpe, loc. cit.), must occur. 

Now on this definition of tautomerism the distinction between 
rapid and slow interconversion of isomerides is to be regarded as 
purely artificial. The existence may therefore be anticipated of a 
compound, structurally similar to Fittig’s acids, in which the 
tautomeric interchange between the «f- and the By-forms is so 
rapid that an equilibrium is produced actually in solution, or in the 
liquid state. The chemistry of such a compound is described in 
this communication. 

Some time ago, Wallach prepared a ketone, C,H,,0, by con- 
densing cyclohexanone with acetone (Annalen, 1912, 394, 376; 
compare also Ber., 1896, 29, 2955) and assigned to it the con- 
stitution (III); similar compounds were produced from the three 
methylcyclohexanones. Later, one of us obtained the same ketone, 
cyclohexenylacetone, and the corresponding cyclopentane- and cyclo- 
heptane-compounds by a different method (Kon, T., 1921, 119, 


) new 
allied 
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810), and similar constitutional formule were adopted for them. 
The reasons for assigning these formule were mainly the normal 
optical behaviour of the ketones (absence of exaltation), their 
inability to form additive products with hydroxylamine and semi- 
carbazide, and the difficulty experienced in reducing the double 
bond by means of hydrogen and palladium. 

Norris and Thorpe (T., 1921, 119, 1199) found, however, that 
these compounds readily condense with ethyl sodiomalonate, forming 
derivatives of dihydroresorcinol, a behaviour characteristic of 
48-unsaturated ketones; they therefore suggested that the formule 
adopted by Wallach and by Kon were incorrect and that the ketones 
should be represented by the general formula (CH), >C:CH*COMe. 

The very ambiguity in the chemical behaviour of cyclohexenyl- 
acetone and its homologues appeared to be a clue to their true 
nature; the evidence accumulated up to the present shows, we 
think, quite conclusively that cyclohexenylacetone (and probably a 
number of other similar compounds) is a tautomeric substance 
reacting in the forms 
CHG CH C-CH,COMe _ CHy< oH oH? >C:CH-COMe 


(8y-form, cyclohexenylacetone) (a8-form, cyclohexylideneacetone) 


and forming equilibrium mixtures of the two individuals at the 
ordinary temperature. 

In the first place, an attempt was made to settle the problem by 
synthesis. The excellent method of Blaise and Maire (Ann. Chim. 
Phys., 1908, [viii], 15, 556), consisting in the interaction of a zinc 
alkyl halide and an acid chloride, R-Zn-Hal + R’*COC1—> R’-COR, 
appeared to be particularly suited to our purpose. The two acids 
Al-cyclohexeneacetic acid and cyclohexylideneacetic acid are quite 
distinct and readily characterised; special experiments were made 
to make certain that no isomerisation occurred when they were 
converted into their acid chlorides. It was therefore surprising to 
find that when the two acid chlorides derived from the carefully 
purified acids were treated with zinc methyl iodide, the same 
ketone was produced. It had the same physical properties, gave 
the same semicarbazone, and condensed with ethyl malonate to 
form Norris and Thorpe’s dihydroresorcinol (loc. cit.). 

The formation of this derivative is, as Norris and Thorpe rightly 
point out, very strong evidence of the «$-unsaturated structure of 
the ketone; and, as a yield of more than 80 per cent. of the 
dihydroresorcinol derivative can be obtained in this reaction, it is 
clear that the ketone must contain at least a corresponding amount 


of the «8-form. On the other hand, the oxidation of the substance 
3 A* 
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by means of ozone does not yield any trace of cyclohexanone, which 
would be expected if the substance reacted in the «®-form. The 
products actually obtained have not yet been fully characterised, 
but it appears probable that the greater part consists of a substance 
analogous to that obtained by Harding, Haworth, and Perkin 
(T., 1908, 93, 1949) on oxidising ethyl A}-cyclohexeneacetate, and 
formed according to the following scheme : 


CH, CH, CH,°CH, 
CH, ~*~ * C-CH,-COMe —>CH,~ *\CO-CH,“COMe. 
\oH,-CH~ *\CH, «CHO 


It is a viscous oil which is strongly enolic and acidic in nature. 

The evidence of the physical properties, when this is not supported 
by chemical evidence, has to be accepted with caution, and for this 
reason it was thought desirable to compare the properties of our 
substance with those of related substances of known constitution. 
The ketone (V) was therefore prepared from the acid (IV) 


CHy< GH cH C'CMe,'CO,H —> CHa GH cH C-CMey COMe 


(IV.) (V.) 


It is clear that this ketone cannot have the alternative «$-unsatur- 
ated structure; its optical properties are quite normal and com- 
parable with those of cyclohexenylacetone. It may be noted in passing 
that whilst ethyl A1-cyclohexeneacetate has a normal molecular 
refractivity, the isomeric ethyl cyclohexylideneacetate shows con- 
siderable exaltation; we have repeated Auwers and Ellinger’s 
observations on this point and can confirm them. 

The final proof of the tautomeric nature of cyclohexenylacetone 
was obtained when it was discovered that this ketone contained a 
mobile hydrogen atom. Its alcoholic solutions give a faint brown 
coloration with ferric chloride; when mixed with a solution of 
sodium ethoxide, a deep orange solution is formed, and by the 
action of ethyl iodide on this solution, the ethyl derivative is readily 
obtained, the yield exceeding 30 per cent. It is clear that the 
reaction takes place in the following way: >C-CH,-COMe — 
»C:CH:C(ONa)Me —> >C:CHEt-COMe, the ketone reacting in the 
By-form. It appears very unlikely that the «$-form would be able 
to undergo this reaction, and the enolisation cannot take place at 
the expense of the terminal methyl group, because the entering 
alkyl group would then be attached to the terminal carbon atom.. 
This is not the case, as the new ketone has been synthesised from 
a-A1-cyclohexenylbutyric acid (VI) and zinc methyl iodide and 
must have the formula (VII). 
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hich CH,°CH.~, 7, ” ' CH,°CH : “ 
sed, (VI.) (VIL) 
ince The ordinary form of the compound, judging by its normal 


rkin optical properties, is the By-form; nevertheless, the introduction of 
and the alkyl group prevents further alkylation, doubtless owing to the 
reluctance of the tautomeric system to part with the last mobile 
hydrogen atom (compare Kon and Thorpe, T., 1922, 121, 1795). 
Neither does this ketone condense with ethyl sodiomalonate; this 


- we ascribe to the inhibiting action of the «-ethyl group. 
The yield of ethylated ketone derived from the By-form of cyclo- 
hexenylacetone is, as already stated, more than 30 per cent.; and 
ted as more than 80 per cent. of dihydroresorcinol derivative, formed 
his from the «$-form, can also be obtained, it is evident that some 
ur conversion of one form into the other must occur in the presence of 
on. sodium ethoxide and that the substance is, in fact, tautomeric. 


It is felt that the experimental evidence at our disposal is, as 

yet, too incomplete to allow definite conclusions to be drawn as to 

fe the causes of tautomerism in the substances dealt with in this paper, 
and for this reason it is proposed to extend the investigation to a 

large number of similarly constituted compounds in the near future. 


” Attention might, however, be directed to two factors which 
“a probably determine the mobility of the three-carbon system in 
g cyclohexenylacetone. It is possible to picture a competition between 
ad two opposed forces, one favouring the «8-, the other the fy-form. 
4 The first is due to the presence of the carbonyl! group, which possesses 


" a strong tendency to become conjugated with a double linking ; 
the great readiness with which «$-unsaturated ketones and acids 


” are produced need scarcely be emphasised. 

” On the other hand, the cyclohexane ring (and also the cyclopentane 
; and cycloheptane rings) possesses a very considerable tendency to 
: acquire one or more double bonds. For example, methylenecyclo- 
hexane passes into 1-methyl-A!-cyclohexene on being warmed with 


y alcoholic sulphuric acid (Wallach, Annalen, 1908, 359, 287); 
, moreover, Dieckmann showed (Annalen, 1901, 317, 27) that ethyl 
cyclohexanonecarboxylate (or its 5-ring analogue) is much more 
, enolic than ethyl acetoacetate. This doubtless accounts for the 
, transformation (Beesley, Ingold, and Thorpe, T., 1915, 107, 1080) 
; of cyclohexylideneacetic acid into A!-cyclohexeneacetic acid through 
the agency of 64 per cent. aqueous potassium hydroxide, and for 
the parallel conversion of ethyl cyclohexylideneacetate into ethyl 
Al.cyclohexeneacetate which has now been effected by heating the 
former with moist potassium hydrogen sulphate. The change from 
the «®-unsaturated to the Py-unsaturated acid (or eater) —_— 
3A 
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indeed, to be complete, no equilibrium being reached, in direct 
contrast to the behaviour of Fittig’s acids (see above). The presence 
of the cyclohexane ring will thus favour the production of the 
By-form of the ketone. It seems unlikely at first sight that the 
latter would be produced to any extent in preference to the con- 
jugated «$-form, but consideration will show that the By-form can 
also be represented as possessing a system of conjugated double 


linkings, namely, in its enol form : \C—CH:CMe-OH. The exist- 
ence of such a form is proved by the fact that the ketone gives a 
faint coloration with alcoholic ferric chloride and is readily alkylated 
in the position *. 

In order that a three-carbon system may become mobile, the two 
opposed forces acting on the double linking must not only be 
approximately equal—on their relative magnitudes depends the 
position of equilibrium—but they must be sufficiently great; and 
on this the degree of mobility of a system appears to depend. 
This consideration may account for the static nature of the esters 
of A!-cyclohexene- and cyclohexylidene-acetic acids, for it is well 
known that carbethoxy] is a much less powerful ‘ activating group ” 
than carbonyl in causing the mobility of an «-hydrogen atom 
(compare, for instance, acetylacetone and ethyl acetoacetate; see 
also Annual Reports, 1922, 19, 103). 

The action of reagents on cyclohexenylacetone is readily under- 
stood, and in this respect the substance is quite analogous to other 
tautomeric substances; the reagent unites with one form—no matter 
how small the amount originally present—and more of that form is 
immediately produced to restore the equilibrium. 

While this investigation was in progress Lapworth and McRae 
published their observations on certain esters obtained by the 
condensation of ethyl cyanoacetate with aldehydes and ketones 
(T., 1922, 121, 2741). They show that, in general, these substances 
react like «$-unsaturated compounds of the general formula 
RR’C-CH-C(CN)-CO,R, including ethyl «-cyanocyclohexylidenc- 
acetate (VIII), which was originally prepared by Harding, Haworth, 
and Perkin (loc. cit.). These authors assigned to it the By-unsatur- 
ated structure, owing to the fact that an alkyl] (or phenacy]) group 
can be readily introduced in the «-position; the substituted 
ester (IX) must, of course, have the fy-structure. 


CH,°CH, CN CH.-CH.~. 
CH < OH? CH CC<Co, np CHeS GH cnt C-CMe(CN)-CO,Et 
(VIII.) (IX.) 


Lapworth and McRae assume that when the sodio-derivative is 
formed from the parent ester a hydrogen atom is probably 
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> Con- 
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louble 


“borrowed ” from the y-position, the sodio-derivative being derived 
from the @y-form; this structure is retained when an alkyl group 
replaces the sodium atom, and it is shown that the alkylated sub- 
stance no longer undergoes the condensation reactions characteristic 
of the parent substance. Ethyl a-cyanoheptylideneacetate, a 
straight-chain compound, does not yield a phenacyl derivative and 
alkylates, apparently, with some difficulty. These facts are, we 
think, capable of ready interpretation in the light of the views put 
forward in the present communication. 

In the first place, it would appear highly probable that ethyl 
x-cyano-A1-cyclohexeneacetate is a tautomeric substance in the same 
way as cyclohexenylacetone, but with the equilibrium greatly on 
the side of the «8-form (this does not differ materially from the 
view expressed by Lapworth and McRae, loc. cit., p. 2745). That 
the substance reacts in this form is abundantly proved by Lapworth 


Cxist. 
ves a 
lated 


» two 
y be 
the 


and 
end, § and McRae’s experiments, in addition to which we have been able 
sters J to condense the ester with ethyl cyanoacetate and ammonia by 


Guareschi’s method, obtaining a good yield of the substance 


well 


. C;Hiy9>C< CHICN Coo NE. The existence of the «f- or conjugated 
see § form in the liquid ester is also proved by a comparison of its optical 
properties with those of its methyl derivative, in which the By-form 
ler. § alone is possible. 
her The existence of the ®y-form is more difficult to prove, but we 
ter § think that the great readiness with which the substance forms a 
1 is § sodio-derivative and undergoes alkylation points quite definitely to 
the existence of such a phase. The production of the Sy-phase is, 
-ae~( as has been explained, favoured by the presence of the cyclohexane 
he § ting, and therefore it is not surprising that ethyl «-cyanoheptylidene- 
es | acetate, in which this factor is not present, does not react with 
es | «-bromoacetophenone: the tendency to form the doubly conjugated 
la system *CH:C(CN)-C(OEt):O here is so great that the fy-phase is 
e- suppressed and the substance is no longer tautomeric (or tautomeric 
h, only to a small extent). 


In order further to test the correctness of this interpretation, we 
have prepared the «-methyl derivative of ethyl «-cyanocyclo- 
hexylideneacetate and subjected it to the action of sodium ethoxide. 
We have found that owing to the great tendency to acquire a 
mobile hydrogen atom this compound readily loses ethyl carbonate, 
yielding «-cyclohexenylpropionitrile (compare Ingold and Thorpe, 
T., 1919, 115, 143). It is only reasonable to suppose that the 
8y-form of the nitrile is the first to be produced, 


—CH —CH 
—CHe>C-CMe(CN)-CO,Et —> _ pf >C-CHMe-CN, 
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and that the hydrogen is then free to wander to the most stable 
position; we have not yet examined the nitrile in detail and 
therefore it is proposed to discuss its constitution in a further 
communication. 

EXPERIMENTAL, 


Synthesis of cycloHexenylacetone (III).—A solution of zinc methy] 
iodide was prepared by heating together 20°8 c.c. of methyl] iodide, 
10°8 c.c. of ethyl acetate, 25 c.c. of benzene, and 43 grams of zinc- 
copper couple,* a few crystals of iodine being added to start the 
reaction; the addition of the iodine can be omitted and the amount 
of zinc—copper couple reduced to 22 grams if the zinc—copper 
couple residues from a previous operation are available. After 
boiling for one and a half hours under an efficient reflux condenser 
provided with a calcium chloride tube, the mixture was cooled in 
ice, the liquid decanted, and the solid residue washed two or three 
times with dry benzene, the washings being added to the benzene 
solution. 

A benzene solution containing 20 grams of cyclohexylideneacety! 
chloride (prepared by warming 21 grams of carefully purified 
cyclohexylideneacetic acid with 20 c.c. of thionyl chloride for half 
an hour and distilling the mixture under reduced pressure; the 
acid chloride boiled at 123°/28 mm.) was slowly run into the solution 
of zinc methyl iodide with constant cooling and shaking. The 
mixture was left in the freezing mixture for half an hour, then at 
the ordinary temperature for about an hour, before adding ice and 
ice-cold 10 per cent. sulphuric acid. After thorough shaking, the 
aqueous layer was extracted with ether, and the ether added to the 
benzene solution; this was washed successively with water, aqueous 
sodium hydrogen carbonate containing sodium thiosulphate, and 
three times with a saturated aqueous solution of ammonium 
sulphate, and then filtered, dried, and the ether and benzene distilled 
off, a long fractionating column being used to prevent loss of ketone. 
The residue was fractionated at atmospheric pressure, 10°5 grams 
being collected between 200° and 220°; the fractions 180—200° 
and 220—260° weighed collectively about 4 grams and gave an 
abundant precipitate when treated with semicarbazide acetate. The 
main fraction was redistilled under reduced pressure and the middle 
fraction obtained was found to possess the following physical 
properties: d7§4 0°93711; »?64 1:47251, whence [Fz], 41°31, in 
very good agreement with values previously found for cyclohexeny]l- 
acetone. 

The whole quantity of ketone was then converted into the 


* This was prepared by heating molecular quantities of finely ground 
copper oxide and zinc dust in a stream of dry hydrogen at about 200°. 


THE CHEMISTRY OF THE THREE-CARBON SYSTEM. PARTI. 1371 


semicarbazone, which was precipitated in its usual caseous form. 
Having been dried, and ground with light petroleum, the semi- 
carbazone was triturated with dry ether (compare Wallach, loc. cit.), 
and the residue crystallised from methyl alcohol. The purification 
of the semicarbazone is an extremely tedious operation owing to 
the presence, apparently in small quantity, of a second substance 
of very similar properties, from which it can only be separated 
after a considerable number of crystallisations; this also applies 
to cyclohexenylacetonesemicarbazone obtained by other methods. 
When pure, the semicarbazone melted at 145° and was in every 
way identical with a sample prepared by Wallach’s method. 

We have succeeded in isolating a small amount of a second 
substance (see above) the presence of which appears to cause the 
difficulty experienced in purifying the semicarbazone. This sub- 
stance proved to be an isomeric semicarbazone, which crystallised 
from benzene in small, lustrous plates melting at 169° (Found: 
C= 61:19; H=911l. C,9H,,ON, requires C = 61:51; H = 8°77 
percent.). The quantity obtained up to the present is not sufficient 
to establish its constitution, but it may possibly be the semi- 
carbazone of cyclohexylideneacetone. It differs from the substance 
melting at 145° by the fact that it does not lose its lustre on exposure 
to the air, whilst the latter becomes powdery and opaque after a 
few days. 

The soluble substance extracted by ether which Wallach found 
to melt at 137° appears to be a mixture of the new substance, 
m. p. 169°, with the ordinary form melting at 145°, as on repeated 
crystallisation the melting point gradually rises to 145° and the 
product is found to be identical with the ordinary form, m. p. 145°. 

The preparation of cyclohexenylacetone was also carried out, 
using Al-cyclohexeneacetic acid as starting material. The chloride 
of this acid boiled at 109°/29 mm., and gave on treatment with 
zinc methyl iodide a somewhat smaller yield of cyclohexenylacetone 
than its isomeride. The identity of the ketone with cyclohexenyl- 
acetone was confirmed by the formation of the semicarbazone 
melting at 145° and also by the ready condensation with ethyl 
sodiomalonate under the conditions described by Norris and Thorpe 
(loc. cit.), a good yield of the resorcinol derivative being obtained ; 
this was found to have the correct melting point after crystallisation 
from dilute alcohol. 

Examination of the Acid Chloride Used.—In order to make certain 
that no displacement of the double bond had occurred when cyclo- 
hexylidene- and At1-cyclohexeneacetic acids were converted into 
the respective acid chlorides, test portions of these chlorides were 
reconverted into the acids by means of dilute aqueous sodium 
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carbonate. The acids precipitated on acidifying the alkaline liquid 
showed a correct melting point and solidified at once. The two 
ethyl esters were also prepared by treating the acid chlorides with 
ethyl alcohol. Ethyl cyclohexylideneacetate had b. p. 110°/12 mm., 
di? 098500, nif5 1:47849, whence [Rz], 48°36; and ethyl 
Al-cyclohexeneacetate had b. p. 104°/18 mm., dj®® 0:98138, 
nif® 1:46410, whence [#;], 47°28 (compare Auwers and Ellinger, 
Annalen, 1912, 387, 200). 

Transformation of Ethyl cycloHexylideneacetate into Ethyl A1-cyclo- 
Hexeneacetate—Thirty grams of ethyl cyclohexylideneacetate (b. p. 
120°/35 mm.; [fz]) 48°67), 60 grams of potassium hydrogen 
sulphate, and 2 grams of water were heated for three hours at 160° 
under reflux; after addition of more water, the esters were isolated 
by distillation in a current of steam, and extracted from the distillate 
with ether. The ethereal solution was dried and the solvent removed 
with the aid of a column; the residue was then distilled under 
reduced pressure, when the whole passed over at 110—120°/18 mm. 
The molecular refraction of the distillate was determined : [Rz], = 
48°03, indicating a conversion to the extent of about 50 per cent. 

Ethylation of cycloHexenylacetone.—cycloHexenylacetone (13:8 
grams) was added to a cooled solution containing 2°3 grams of 
sodium in 30 c.c. of ethyl alcohol. To the orange-red solution an 
excess of ethyl iodide was added and the whole heated under reflux 
for about three hours, when it was found to be nearly neutral. 
The ketone was isolated by adding water and extracting with 
ether; after drying, the ethereal solution was evaporated and the 
ketone fractionated, the portion boiling above 180° being treated 
with semicarbazide in the usual way. The semicarbazone formed 
separated in crops, the first crop being crystalline and representing 
a yield of about 30 per cent. of a new compound, which crystallised 
well from ethyl alcohol in fine, sparkling plates melting at 185°; 
the subsequent crops contained mainly the semicarbazone of cyclo- 
hexenylacetone and only very little of the new compound. It must 
be mentioned that methyl] alcohol does not effect a good separation. 

The substance melting at 185° is the semicarbazone of «-ethyl- 
Al-cyclohexenylacetone (VII) (Found: C= 64°31; H = 9°58. 
C,,H,,ON, requires C = 64°43; H = 9°49 per cent.). The ketone, 
regenerated from it in the usual manner by means of oxalic acid, 
showed the following properties: b. p. 221°/763 mm. (thermometer 
in the vapour up to 100°), 42% 0:9181, n2©# 1:46926; whence 
[Rrlp 50°42 (cale., 50°34) (Found: C=79'12; H = 10°95. 
C,,H,,0 requires C = 79:47; H = 10°90 per cent.). The odour of 
the ketone is reminiscent of that of cyclohexenylacetone and 
cedarwood oil. 
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Synthesis of «-Ethyl-A!-cyclohexenylacetone.—The synthesis of the 
ketone was carried out, using «-ethylcyclohexeneacetic acid, prepared 
according to the method of Wallach (Annalen, 1908, 360, 44), as 
the starting material. The acid chloride obtained was found to 
boil at 120°/28 mm.; 41 grams of this substance were treated with 
an excess of zinc methy] iodide as described on p. 1370, and 22 grams 
of a liquid boiling between 210° and 250° were obtained in addition 
to small fractions of high and of low b. p. All these fractions were 
treated with semicarbazide acetate, and 18 grams of semicarbazone 
collected. After one crystallisation from alcohol, the semicarbazone 
melted at 185° and did not depress the melting point of the substance 
obtained from the ethylation of cyclohexenylacetone. 

The ketone regenerated from it boiled at 221° and had dj? 
091976, ni%° 1:47005, whence [Rz], 50°40; its identity with the 
ketone produced by the direct ethylation of cyclohexenylacetone is 
therefore established. 

Synthesis of ««-Dimethyl-A1-cyclohexenylacetone (V).—This was 
carried out precisely as in the case of the isomeric ethyl compound, 
the starting material being A!-cyclohexenylisobutyric acid (Wallach, 
loc. cit.). 

The ketone was obtained in the form of its semicarbazone, which 
forms tufts of long, silky needles melting at 150—151° after 
crystallisation from dilute methyl alcohol. The ketone boiled at 
221°/765 mm. (thermometer in the vapour up to 80°) and had 
des 0-93288, n}i%8 1:47565; whence [Rz]p 50°20 (calc., 50°34) 
(Found: C = 79°53; H = 10°87. (C,,H,,0 requires C = 79°47; 
H = 10°90 per cent.). 

The ketone is a colourless oil with a strong camphoraceous 
odour, somewhat reminiscent of that of the ethyl isomeride. 

Experiments on Ethyl «-Cyanocyclohexylideneacetate and its Methyl 
Derivative—The ester was prepared by the method of Harding, 
Haworth, and Perkin (loc. cit.), using piperidine as a condensing 
agent. 

A specimen of the ester, purified by two distillations under 
reduced pressure (b. p. 151°/10 mm.), gave dj%5 1°05394, n}f5 
149670, whence [Rz]y 53°94, the calculated value being 51°59. 

The ester (19°3 grams) was treated with ethyl cyanoacetate 
(11-3 grams) and ethyl-alcoholic ammonia (saturated at 0°, 75 c.c.) 
for twelve hours. The product solidified and on working up in the 
usual way (Kon, T., 1921, 119, 810) 15 grams of the w-imide 
of aa’-dicyanocyclohexane-1 : 1-diacetic acid were obtained, the 
identity of the substance being established by comparison with a 
genuine specimen. 

Ethyl] «-cyano-«-methyl-A!-cyclohexeneacetate (p. 1368) was pre- 
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pared by the method of Harding, Haworth, and Perkin, the 
methylation being repeated to ensure that none of the parent 
material remained unchanged. The ester boiled very constantly at 
133°/9 mm. and had d?® 1:04776, n?? 1-47819; whence [R;}, 
55°98 (calc., 56°21). 

From a comparison of the molecular refractivity of the methy| 
compound with that of the parent substance it is clear that the 
latter must possess a system of conjugated double bonds which 
causes the very considerable exaltation observed. 

Action of Sodium Ethowide on Ethyl «-Cyano-A}-cyclohexenepropion. 
ate.—The ester (15 grams) was mixed with a solution of sodium (2°3 
grams) in ethyl] alcohol (30 c.c.) and kept at 35° forfour hours. Water 
was then added and the precipitated oil, which had the odour of 
ethyl carbonate, was isolated with ether. A portion boiled below 
80°/30 mm., and at 126°/765 mm. on redistillation, and had the 
usual properties of ethyl carbonate. The remainder boiled at 
120°/30 mm. and consisted of pure A!-cyclohexenepropionitrile 
(Found: N = 10°69. Calc., N = 10°35 per cent.). No fraction of 
higher b. p. was obtained, showing that the elimination of the 
carbethoxyl group had been quantitative. 


In conclusion, our thanks are due to Professor J. F. Thorpe, F.R.S., 
for his kind interest in the progress of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. (Received, March 14th, 1923.] 


CLX.—Binary Critical Solution Temperatures as 
Criteria of the Purity of Acetic Acid. 


By Davip CHARLES JONES, 


CRISMER (Bull. Soc. chim. Belg., 1895, 9, 145; 1896, 40, 312; 1904, 
18, 1; 1906, 20, 294) first demonstrated, in the well-known system 
ethyl alcohol—petroleum, the extreme sensitiveness of a binary 
critical solution temperature to certain impurities. Thus the 
presence of 1 per cent. of water in the alcohol raised the critical 
solution temperature by 17°. Since that time, a considerable 
number of such systems have been investigated (Timmermans, Z. 
physikal. Chem., 1907, 58, 129), but apart from investigations 
actually dealing with these phenomena, their use as criteria of 
purity has been very largely neglected (vide, however, Orton and 
Jones, T., 1919, 115, 1056 ; Tizard and Marshall, J. Soc. Chem. Ind., 
1921, 40, 20r). The number of such systems available for this 
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purpose is limited. A study of the solubility of organic liquids 
reveals how comparatively rare a critical solution must be at the 
ordinary temperature and pressure. In the fatty acid series, 
formic acid gives with benzene a binary critical solution temper- 
ature at 73°2° (Ewins, T., 1914, 105, 350). On the other hand, 
anhydrous formic acid is completely miscible with phenetole and 
the other ethers of this series which are similar to benzene in solu- 
bility relations. One of the higher ethers of this series is the only 
material we know with which formic acid may form a critical 
solution at the ordinary temperature and pressure. Thus formic 
acid, containing about 2 per cent. of water and melting at 42°, 
forms a critical solution with o-toly] methyl ether at about 30°. 
The same acid, whilst being completely miscible with pheny] n-butyl] 
ether, forms a critical solution above its boiling point with benzyl 
n-butyl ether. Propionic acid has no known solubility relations. 
n-Butyric acid is completely miscible with the higher paraffins, 
but is only partly so with water, the critical solution temperature 
being —3°7° (Rothmund, Z. physikal. Chem., 1908, 63, 57). 

The fact that the great majority of organic liquids are either 
completely miscible, or so immiscible as to render the determination 
of critical solution temperatures impracticable, suggested the 
research on ternary critical solution temperatures which is described 
in the following paper. 

The binary critical solution temperatures of the following sub- 
stances are well established; these would seem to be valuable 
additions to the ordinary criteria of purity, and are, in general, 
far more sensitive than other physical properties such as density, 
refractive index, or boiling point: ethyl alcohol and petroleum 
(Crismer, loc. cit.) ; methyl alcohol and carbon disulphide (Rothmund, 
loc. cit.); phenol and water (Timmermans, loc. cit.); hexane and 
nitrobenzene (Timmermans, loc. cit.); formic acid and benzene 
(Ewins, loc. cit.); n- and isobutyric acid and water (Rothmund, 
loc. cit.); aniline and hydrocarbons (‘Tizard and Marshall, loc. cit.). 
A complete list (up to 1918) of binary critical solution temperatures 
will be found in Roozeboom’s “‘ Das Heterogene Gleichgewicht,”’ 
Il, 2, p. 70, etc. 

The complete solubility curve of acetic acid and a petroleum 
fraction (b. p. 185—195°), and the effect of water present in the 
acetic acid on its critical solution temperature, are described here. 
It has also been found that anhydrous acetic acid forms metastable 
mixtures with cyclohexane and with carbon disulphide, the partial 
miscibility of which is extremely sensitive to water present as an 
impurity in the acetic acid. 

Fig. 1 represents the solubility curves obtained in the binary 
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systems acetic acid—petroleum, carbon disulphide—acetic acid, ang 
cyclohexane-acetic acid, by plotting concentration against temper. 
ature. The curves have the normal round-topped form, the same 
temperature of solution being obtained in the neighbourhood of 
the critical point although the composition may vary by several 
units per cent. In the petroleum-acetic acid system, the curve 
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Per cent. of acetic acid by weight. 


A, Acetic acid—petroleum; B, freezing-point curve of acetic acid—petroleum; 
C, freezing-point curve of acetic acid-—cyclohexane, approx. indicated ; D, freezing- 
point curve of acetic acid—carbon disulphide, approx. indicated; E, acetic 
acid—carbon disulphide ; F, acetic acid-cyclohexane. 


is cut at 14° by the solidification curve when there is 9 per cent. of 
petroleum in the lower layer and 24 per cent. of acetic acid in the 
upper layer. These figures of course represent the solubility of 
acetic acid in petroleum, and of petroleum in acetic acid at this 
temperature. As has been already noted, in the other two cases 
the solidification curve lies well above the partial miscibility curve. 
Thus, in the case of cyclohexane with a critical solution temper- 
ature at 4°2°, the melting point, with these same critical proportions 
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present, is 11°, and in the case of carbon disulphide, with practically 
critical proportions, the saturation point is 3°9° and the melting 
point 7°8°. 

The acid used in the investigation of the system acetic acid— 
petroleum melted at 16°5°. In the other two cases, a large quantity 
of purified acid, melting at 16°4°, was redistilled in the closed, all- 
glass apparatus mentioned later, and the large fraction obtained, 
melting at 16°58°, was used in determining the temperature of 
miscibility. The impurity was probably water, the quantity present 
in the acid melting at 16°58° being less than 0°05 per cent., and in 
the acid melting at 16°5° less than 0°1 per cent. 

It is interesting to observe that carbon disulphide and cyclo- 
hexane have practically the same critical solution temperature. 
They afford very clear illustrations of that type of liquid system 
in which no stable miscibility curves exist owing to the incidence of 
the melting-point curves, that is, both carbon disulphide and cyclo- 
hexane are ordinarily spoken of as completely miscible with acetic 
acid. The results given here show that the partial liquid solubility 
curves lie hidden just underneath the melting-point curve (vide “‘ Das 
Heterogene Gleichgewicht,” II, 2, p. 129). Undoubtedly if a series 
of curves was obtained from mixtures of carbon disulphide, cyclo- 
hexane, and the lower petroleums (hexane), up to the petroleum 
fraction used in this paper, with anhydrous acetic acid, one would 
obtain results showing the gradual shifting of the partial liquid 
miscibility curves from the metastable region below the melting- 
point curve into the stable region above this curve. The melting- 
point curve also rises as greater insolubility occurs, but only, of 
course, to a much slighter extent. 

As is more fully described in the following paper, the effect of 
water is to decrease markedly the mutual solubility of these systems. 
Thus the presence of so small a quantity of water as 0°9 per cent. 
in the acetic acid raises the whole solubility curve of cyclohexane— 
acetic acid well above the melting-point curve (vide Fig. 1, following 
paper). On the other hand, acetic acid must contain from 8—9 per 
cent. of water to bring the partial miscibility curve of acetic acid— 
toluene into view, and approximately 16 per cent. of water in the 
case of acetic acid—nitrobenzene. The discovery of the metastable 
critical solution temperature in the cases of cyclohexane and carbon 
disulphide with acetic acid thus gives confirmation of the views 
Timmermans has brought forward in other cases. Although it 
may be incorrect, therefore, to draw conclusions regarding the 
solubility of toluene in anhydrous acetic acid from the behaviour of 
the system toluene-acetic acid—water (8 per cent.) and thus compare 
the ‘ solubility ” of toluene in acetic acid with, say, that of cyclo- 
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hexane in acetic acid, which latter system requires only a few tenths 
of 1 per cent. of water to give partial miscibility relations, yet 
certainly a prediction from this last fact that the miscibility curve 
of cyclohexane-acetic acid should lie slightly below the melting. 
point curve is confirmed by the presence of the metastable curve 
(‘Das Heterogene Gleichgewicht,” II, 2, p. 134). 


EXPERIMENTAL. 

The ordinary synthetic method of determining points on the 
solubility curves was used, that is, mixtures were made up by 
weight, and the temperature of disappearance of the two layers 
was noted. It being very essential to avoid access of moisture, 

the materials were introduced into a 

Fie. 2. small glass tube, closed except for a 

narrow side arm of very thin glass, 
attached near the top of the tube at 
an angle of about 30°, through which 
a tiny pipette containing the liquids 
could be introduced. In the case of 
the petroleum-acetic acid mixtures, 
with their higher miscibility tempera- 
tures, the side arm was sealed off, but 
in the other systems it was fouad very 
convenient to close the side arm by 
means of ground-in double stoppers of 
the type used in ordinary ether botiles 
(Fig. 2). The thermometers, of the 
, Anschiitz type, standardised by the 
& hem.-> Bureau of Standards, were attached 
externally to the tube by a rubber 

band. This was the type of apparatus also used in the following 
paper for the determination of ternary critical solution temperatures. 
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Critical Phenomena. 


It is remarkable that with petroleum-acetic acid the ordinary 
phenomena observed in such cases are almost entirely absent. 
Some degrees below the critical solution temperature, the surface 
of separation between the two layers requires attentive observation 
to be seen at all, owing, presumably, to the very slight difference 
of refractive index. At temperatures below, but in the immediate 
neighbourhood of, the critical solution temperature, the surface of 
separation is extremely difficult to detect. In this region also, 
very rapid separation of the layers occurs after shaking, due, it is 
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supposed, to the wide difference of density of the two components, 
so that the fairly stable emulsion usually formed in this region is 
absent, and when temporarily produced by vigorous shaking it is 
non-opalescent owing to the slight difference of refractive index 
Immediately above the critical solution temperature there is 
observed just the merest trace of the usual critical opalescence. 
The similarity of refractive index of the components would 
account for this (vide Smoluchowski, Ann. Physik, 1908, 25, 205; 
Einstein, ibid., 1910, 33, 1275). 

In the case of cyclohexane and acetic acid, the phenomena are 
more pronounced although still very slight, but in the carbon 
disulphide—acetic acid system very marked and beautiful phenomena 
are displayed, permanent emulsions which are strongly opalescent 
being formed below and near the critical solution temperature, 
corresponding, apparently, to the greater difference of refractive 
index and similarity in density between the phases in this system ; 
the critical opalescence above the critical solution temperature 
is very intense. 
Preparation of Materials. 

The acetic acid was originally a specimen of high purity having 
m.p.16°0°. Large quantities were fractionated through a 6-column 
Young evaporator still-head in an all-glass apparatus and there 
were obtained finally about 1,500 c.c. of material, m. p. 16°45°. 
On distillation of this material through the same apparatus, large 
niddle and final fractions were obtained melting at 16°58°, the first 
fraction of about 200 c.c. having m. p. 16°0°, and containing most 
of the water present as impurity. 

To obtain the petroleum, purified kerosene was fractionated 
through a 4-bulb still-head and the portion boiling from 180—200° 
was collected. This was shaken with 95 per cent. sulphuric acid 
(which removes the olefines, Colman and Yeoman, J. Soc. Chem. Ind., 
1919, 38, 577; Thole, ibid., 397), until a fresh portion of acid 
remained uncoloured. The hydrocarbon was then heated under 
reflux for several days with a mixture of nitric and sulphuric acids 
to remove the aromatic compounds. After further prolonged 
treatment with sulphuric acid, it was finally shaken with silica gel, 
which effectively removed any acid left in suspension or solution 
and dried the petroleum. In the final distillation, a fraction 
boiling at 185—195° was obtained; this was the petroleum used. 

The purification of the carbon disulphide is described in the 
following paper. 

The cyclohexane was prepared synthetically from benzene and 
purified by repeated sulphonation, followed finally by fractional 
crystallisation. The material used melted at 64°. 
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Effect of Water Present in the Acetic Acid. 


Pipettes of the kind previously described (Orton and Jones, T,, 
1919, 145, 1064) were graduated to deliver the critical proportions 
of acetic acid and the other component, petroleum, carbon disul. 
phide, or cyclohexane. The acetic acid pipette had a capacity of 
0°5824 c.c., and the pipettes used for the other component a capacity 
of 0°4959 c.c. in the case of carbon disulphide, and 0°6483 c.c. in 
the cases of cyclohexane and petroleum. Acetic acid of various 
strengths was made up by diluting 250 c.c. of the pure acid with 
distilled water. The melting point of the acid was taken with a 
Beckmann thermometer, standardised by means of an accurate 
Anschiitz thermometer. 

The mixture was warmed to 20° and the critical solution temper- 
atures were taken immediately. The Beckmann thermometer 
remained in the liquid. The pipettes for the introduction of water 
or for the removal of acetic acid for estimation, were inserted 
through a tiny tube sealed in the ground-glass stopper. Every 
precaution had to be taken to avoid the incursion of moisture. 
The same experimental tubes were used as before described, and 
these had to be carefully dried, and were always kept ready for 
use over sulphuric acid in a desiccator. 

Fig. 3, curve A, shows the rather remarkable character of the 
results obtained. The presence of water in the acetic acid raises 
the critical solution temperature almost linearly. In the petrol- 
eum-—acetic acid system, the curve seems to be quite linear between 
the points corresponding to acids of m. p.’s 16°4° and 14°6°. In 
this region, a difference of 1° in the melting point corresponds 
to a difference of 16° in the critical solution temperature. In 
the case of an acid melting at 16-4—16°5°, a slight bend 
in the curve is evident, and here a difference of 1° in the 
melting point corresponds to a difference of 20° in the critical 
solution temperature. Thus for the main portion of the curve 
the presence of 1 per cent. of water in the acetic acid 
raises the critical solution temperature by about 32° with this 
petroleum. It is clear that the curve cannot remain linear for any 
considerable percentage of water, since, if this were so, the misci- 
bility temperature of water and petroleum when water has com- 
pletely replaced the acetic acid would be impossibly high. 

It is obvious that traces of water could be measured in this way, 
since the temperature can be easily read to an accuracy of 0°02°. 
Owing, however, to the difficulty of keeping out slight traces of 
water, and to the fact that the accuracy of the pipettes is limited, 
a critical solution temperature of this type can be relied on only 
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to 0°05°. The large effects observed are, of course, due to the 
at difference of solubility of water in acetic acid and in petroleum, 

affording certainly the most striking instance yet discovered of the 

extreme sensitiveness of critical solution temperatures to certain 

impurities. 
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city Effect of water on the critical solution temperature. 
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It was evident, however, that it would be very difficult to duplicate 
7 exactly the petroleum fraction, and that the use of a liquid of 
definite purity would have been preferable in this work, and of 
considerable value in fixing definitely an independent criterion of 
purity. The work that is described in the following paper had 
shown that when the acetic acid contained 0°6 per cent. of water, 
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that is, melted at 15°3°, cyclohexane and carbon disulphide gaye 
critical solution temperatures at 15° and 12°4°, respectively. (on. 
sidering the immense effect of water on the critical solution tem. 
perature of the acetic acid—petroleum binary mixture, and the 
position of the melting-point curves of the former systems, it was 
thought very improbable that anhydrous acetic acid would give 
partial miscibility relations with these materials. It was found, 
however, that in both cases marked supercooling could occur, 
quite considerable regions separating the stable and metastable 
melting-point curves, which made it possible in both cases to realise 
the metastable partial miscibility curves. The binary curves with 
an acetic acid melting at 16°58° have already been given. 

In Fig. 3, curves B (cyclohexane) and C (carbon disulphide) 
illustrate the effect of water in the acid on the value of the critical 
solution temperature. In both cases, as would be expected, the 
effects are considerably less than in the case of petroleum, being 
slightly greater in the case of cyclohexane. From Fig. 3, it appears 
that the proportions used in the carbon disulphide—acetic acid 
system were not quite critical, containing too little of the former. 
This may account for the low values obtained in this case. 

In the linear portions of the curves for cyclohexane and carbon 
disulphide, a difference of 1° in the melting point of the acid corre- 
sponds to a difference of 8°4° and 69°, respectively, in the critical 
solution temperature. The deviation of the curves from linearity 
is probably due to the more rapidly decreasing sensitiveness of the 
melting point to the presence of water in the acid (vide Faucon’s 
results, loc. cit., for the lowering of the melting point of acetic acid 
by water). If the change of sensitiveness were the same for the 
melting point as for the critical solution temperature, the above 
curves would be sensibly linear. This probably accounts for the 
linear character of curve A, the critical solution temperatures in 
the petroleum-acetic acid system decreasing in sensitiveness more 
rapidly than in the other two systems, with increasing water content. 

In general, the critical solution temperatures of concentrated 
acetic acid and carbon disulphide or cyclohexane provide very 
‘ sensitive independent methods for the estimation of the water 
content. The ease of purification of carbon disulphide and cyclo- 
hexane should make the method generally useful in this connexion. 

On the other hand, the critical solution temperatures obtained 
with a petroleum of about the boiling point given, purified from 
unsaturated and aromatic hydrocarbons, are about twice as sensitive 
to traces of water; and once a given petroleum has been standardised 
against an acetic acid the water content of which has been deter- 
mined accurately either by means of the other two critical solution 
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temperatures already obtained, or by an accurate determination 
of the melting point, it would provide an extraordinarily delicate 
method of estimating changes in the concentration of water in 


acetic acid. 
Results (vide Fig. 1). 


Petroleum-—acetic acid. 


Miscibility Miscibility 
% Acetic acid. temp. 0%, Acetic acid. temp. 
24-54 22-90° 56-96 50-15°* 
26-92 36-20 65°57 50-50 * 
41-00 47-20 73°50 48-90 
52-72 49-85 82-51 39-60 
56-91 50-15 88-51 25-6 
cycloHexane-acetic acid. 
Miscibility Miscibility 
% Acetic acid. temp. % Acetic acid. temp. 
34:5 1-0° 67-03 2-8° 
42-3 3-2 76-0 —2-8 
54:6 4-2* 
Carbon disulphide—acetic acid. 
Miscibility Miscibility 
% Acetic acid. temp. % Acetic acid. temp. 
19-6 0-5° 24-6 2-6° 
42-7 3°9* 49-3 3-9 
56-1 2-0 66-1 — 5-2 


* Critical proportions. 


Results (vide Fig. 3). 


Effect of water on the petroleum-acetic acid binary mixture (Curve A). 


The acetic acid (99°9°%) melted at 16°50°. 


/O 
M. p. of M. p. of 
acetic acid. C.S.T acetic acid. C.8.T. 
165° 50-15° 15-69° 63-8° 
16-39 52-4 15-44 68-5 
16-26 54-5 14-6 81-1 
15-98 59-15 16-46 51-2 


Effect of water on the cyclohexane-acetic acid binary mixture (Curve B). 


The acid (99°94°%) melted at 16°58°. 


M. p. of M. p. of 
acetic acid. C.S.T. acetic acid. C&.T. 
16-53° 4-75° 14-5° 22-62° 
15-75 11-1 13-98 28-2 
15-12 16-6 16-58 4-2 
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Effect of water on the carbon disulphide-acetic acid binary 
mixture (Curve C). 


The acid (99°94%) melted at 16°58°. 


M. p. of M. p. of 
acetic acid. Cs.2. - acetic acid. C.S.T. 
16-5° 4-4° 14-5° 18-9° 
15-57 9-4 13-98 23-92 
15-12 13-9 16-58 3-9 
J. Hopkins UNIVERSITY. 
UNIVERSITY COLLEGE, LonDON. (Received, November 2nd, 1922.] 


CLXI.—Ternary Critical Solution Temperatures as 
Criteria of Liquid Purity. 
By Davip CHARLES JONES. 


THE critical solution temperatures observed in the three component 
systems toluene—acetic acid—water and n-butyl alcohol—hydrogen 
chloride—water were investigated by Orton and Jones (T., 1919, 
115, 1055, 1194) as criteria of the purity of toluene and n-butyl 
alcohol. It had been thought previously that owing to the necessity 
for the exact adjustment of the concentration of the three com- 
ponents of the system, ternary critical solution temperatures would 
not be available as exact criteria of purity. Although theoretically 
both in the case of binary and ternary systems, the concentrations 
must be defined in order to obtain an invariant point at constant 
pressure, it is found experimentally that the binary solubility curve 
is flat-topped, and therefore the temperature of miscibility is the 
same through a considerable range of concentration of the com- 
ponents in the neighbourhood of the critical solution temperature. 
On the other hand, ternary critical curves in this same region 
sometimes pass through very considerable ranges of temperature 
for slight changes of concentration, the eventuality depending 
wholly on the nature of the components, just as, in a binary system, 
an impurity (third component) may or may not produce a large 
effect on the critical solution temperature. 

The use of accurate pipettes, one for the solution, and another 
for the liquid the purity of which is to be tested, overcomes this 
difficulty even in the case of very sensitive critical solution temper- 
atures, and such pipettes should be used even for the determination 
of binary critical solution temperatures, because the system is 
really ternary if an impurity is present. 

In other respects, ternary critical solution temperatures have 
the same advantages as binary. The critical solution phenomena 
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are in general very beautiful and distinct, thus making the point 
of final disappearance of the striations very easy to detect. The 
yhole determination is easily and rapidly made, and two advan- 
tages are secured; by suitably selecting two of the components 
and adjusting their concentrations, it is possible (1) to apply the 
method to a very large number of organic liquids, (2) to bring the 
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Melting pt. of acetic acid used. 


A, Petroleum (b.p. 150° approx.) ; B, gasoline (b.p. 80° approx.) ; C, cyclohexane ; 
D, carbon disulphide; E, bromomesitylene; F, carbon tetrachloride; G, xylene; 
H, toluene; I, benzene; J, thiophen; K, phenetole; L, nitrobenzene and related 
compounds. 


miscibility point within any convenient temperature range at 
atmospheric pressure. 

Acetic acid diluted with varying proportions of water is used 
in these experiments as the solutions, and by means of these the 
purity of a whole series of organic liquids is tested. As will be shown 
later, the higher petroleums form binary critical solutions with 
anhydrous acetic acid. Nearly all other simple organic compounds 
examined are soluble in acetic acid and only partly soluble in water, 
and increasingly dilute acid solutions are necessary to obtain the, 
now, ternary critical solution temperatures. The method can thus 
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be used for all stable organic liquids except in the few cases where 
they are miscible with both acetic acid and water. In order to use 
this purity test, it is only necessary to establish first the approximate 
strength of the acetic acid, and secondly the proportion of solution 
to material the purity of which is to be tested, in order to obtain 
the miscibility point in the critical region. Having determined 
this, it is necessary to construct the accurate pipettes before 
mentioned, and thus to fix always the concentration in the system, 

It is an important practical fact that in the series of organic 
liquids examined, the acetic acid solutions varying from 84 per cent.§ 60 
to the anhydrous acid, the critical proportions by volume vary 
only slightly in the direction of a smaller proportion of acid, so that 
the same pipettes can be used for cyclohexane and 99 per cent.§ 59 | 
acetic acid as for nitrobenzene and 84 per cent. acetic acid. If 
these proportions are adhered to, one gets throughout this range 
beautiful and clear critical phenomena. 

In Fig. 1, the melting point of the acetic acid (for corresponding 
concentrations vide Faucon, Ann. Chim. Phys., 1910, [viii], 19, 
84) is given which, if used as solution, will give a clear critical 
solution temperature at about 20° with the organic material found 
at the corresponding ordinate, provided the solution and material 
are used in the proportion 0°5824 c.c. of acetic acid solution to 
0°4959 c.c. of organic liquid. This applies, not only to the simple 
compounds indicated as ordinates, but also to a considerable 
number of their substituted derivatives. When these proportions 
are varied considerably the miscibility points are still in the critical 10 
region, and therefore give a clearly defined point, but of course at 
different temperatures. 
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. : * ” 0 
Solubility Relations in the Systems Acetic Acid-cycloHexane, Acetic 
Acid—Nitrobenzene, and Acetic Acid—p-Nitrotoluene. 
cycloHexane, as has already been stated (preceding paper), | _ 1 


has a binary metastable critical solution temperature at 42°. 
Fig. 2 shows graphically the solubility curves obtained when the J Ace 
acetic acid contains small quantities of water. A is the binary 
solubility curve with pure acid melting at 16°58°. Bis the solubility 
curve obtained with an acid melting at 16:28°. C is the solubility 
curve obtained with an acid melting at 14°8°. The melting points 
16:28° and 14°8° indicate the presence of 0°28 per cent. and 1:2 per 
cent. of water, respectively. The miscibility temperatures were 
obtained synthetically as before. 

These curves bring out very clearly the remarkable effect of the | reg 
presence of less than | per cent. of water on the form of the solubility tai 
curve. The points marked Kz and Kg on the curves B and C are J cle 
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vherel stillthe critical pointsfor this system, giving clear critical phenomena, 
o usell but owing to the water distributing itself so predominantly in the 
mate acid phase, strongly marked maximal points appear on the curves. 
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Solubility Curves. 
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Fig. 2 also shows similar curves drawn through the critical 
he | regions for nitrobenzene and p-nitrotoluenc with acetic acid con- 
ity | taining about 16 per cent. of water. These curves bring out very 


we [| clearly the difference in the form of the curves for binary systems, 
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ternary systems (with a large proportion of all three constituents), 
and a ternary system where one component is present in small 
quantity as an impurity. Thus in the “binary ” system acetic 
acid—petroleum, in the direct neighbourhood of the critical solution 
temperature, there is no change in the temperature of miscibility 
whilst the composition changes from 50 to 70 per cent. of acetic 
acid. In the same composition range, the carbon disulphide—acetic 
acid and the cyclohexane—acetic acid systems show very slight 
changes. In the system cyclohexane-99 per cent. acetic acid, for 
a change of composition from 50 to 60 per cent., in the immediate 
neighbourhood of the critical solution temperature, the temperature 
change is 3°5°. In the nitrobenzene—aqueous acetic acid system, 
temperature changes of 14° occur for a change in composition from 
50 to 60 per cent. acetic acid. 

In systems showing marked maximal points, as in this case, far 
bigger changes in the miscibility temperature, for a certain per- 
centage of impurity, can be obtained if proportions of constituents 
are chosen outside the critical region nearer to the maximal temper. 
ature. Thus from curves A and C, approximately 1 per cent. of 
water in the acetic acid produces a rise of 17° from Ky, to Ky. If 
proportions represented by P, and Pz are used, the same percentage 
of water in the acetic acid produces a rise in the miscibility temper- 
ature of about 31°. In this case, a change of proportions of this 
order still leaves the system sufficiently near to the critical region 
that accuracy is not sacrificed in the determination, but if the 
deviation from the critical proportions is too great the accuracy 
will be diminished markedly, owing to the difficulty of observation. 
The advantage obtained by changing proportions in this way 
obviously decreases as the concentration of the impurity increases. 
Thus from P, to Ps there is a rise of about 45° for 1 per cent. of water 
as an impurity. In the petroleum-acetic acid system, however, 
any marked deviation from the critical proportions makes observ- 
ations very difficult. 

The great effect of water may be very clearly traced in the diminu- 
tion of the solubility of acetic acid in the layer rich in cyclohexane. 
Thus, drawing an isotherm cutting the three curves A, B, and ( 
at D', D?, and D*%, it is seen that the percentage of acetic acid in 
the layer rich in cyclohexane decreases from 42°3 per cent. when 
the acetic acid is almost anhydrous, to 11°8 per cent. when the 
acetic acid contains about 0°2 per cent. of water, and further to 
3°6 per cent. when the acetic acid contains about 1 per cent. of water. 
On the other hand, very slight changes in the percentage concen- 
tration of cyclohexane in the layer rich in acetic acid occur as 4 
result of the presence of the water. 
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TaBLeE I. 
Results (vide Fig. 2). 
Curve B. cycloHexane and 99°72% acid. 


Miscibility Miscibility 
% cycloHexane. temp. % cycloHexane. temp. 
22-95 25° 36-54 53° 
45:3 6°65 56-0 7-2 
73-6 10-0 80-0 7-0 
88-2 3-0 92-0 below 7-0 


Curve C. cycloHexane and 98°80% acid. 


20-67 5-2 24-13 9-3 
34-22 16-7 39-93 18-9 
44-95 20-6 49-00 22-1 
52-35 23-6 66-73 31-8 
73°81 38-0 93-00 40-0 
96-4 8-0 
Curve D. Nitrotoluene and 83:2% acid. 
Miscibility Miscibility 
% Nitrotoluene. temp. % Nitrotoluene. temp. 
46-94 45-2° 56-14 56-6° 
52-70 52-2 63-81 66-2 


Curve E. Nitrobenzene and 83°2% acid. 


Miscibility Miscibility 
% Nitrobenzene. temp. % Nitrobenzene. temp. 
51-05 25-5° 61-09 41-5° 
57-54 6-3 


Nitrobenzene-Aqueous Acetic Acid.—Nitrobenzene has many 
excellent criteria of purity. The heat of fusion is small enough 
to make its melting point (5°9°) very sensitive to impurities, and 
it has a little known binary critical solution temperature with 
hexane at 19:2° (Timmermans, Z. physikal. Chem., 1907, 58, 129). 
For final purification, it was distilled under diminished pressure 
through a 6-column Young evaporator still-head, an all-glass 
apparatus. The following may be taken as typical of a final 
distillation, the critical solution temperature values being taken 
with an acetic acid melting at —5°4°, containing 832 per cent. of 
acetic acid. 


Volume in c.c, M. p. 0S.T. 
Ist fraction 150 §-4° 17-2° 
2nd_sCsé, 350 5-9 17-3 
3rd od 150 5:8 17-3 
4th 200 5:8 17-38 


The following table gives the critical solution temperatures of 
compounds closely related to nitrobenzene, the same acid and the 
,same proportion of constituents being used. 

VOL. OXXIII. 3B 
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TABLE II. 
C.S.T. C.S.T. 
Nitrobenzene............ 22-5° o-Nitrotoluene _...... 42-55° 
m-Nitrotoluene ...... 52-0 p-Nitrotoluene ...... 46-0 
o-Chloronitro- Bromomesitylene ... 2-0 
DONZOMC — cs seerceevee 56-8 (with acid melting 
at 11-8°) 
TaBLeE III. 
Results (vide Fig. 3: acid 83°2%). 
% p-Nitro- % m-Dinitro- 
toluene. OL-T. benzene. C.S.T. 
0 22-55° 0 22-55° 
1:67 23-00 5-792 23-5 
12-06 25-25 13-13 24:8 
18-12 26-80 
Fia. 3. 


Acid melts at —5:4° (=83'2% acetic acid). 
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m-Dinitrobenzene, strangely enough, raises slightly the critical 
solution temperature of nitrobenzene, that is, the introduction of 
the second nitro-group seems to produce a solubility effect opposite 
in direction to that following the introduction of the first. 

The influence of the methyl group appears to be the same in the 
case of benzene-toluene as in that of nitrobenzene—nitrotoluene, 
producing almost the same rise in the critical solution temperature 
(27° in the case of benzene-toluene, 20° for the o-nitro- and 29°5° 
for the m-nitro-derivatives). 

Benzene—Aqueous Acetic Acid—The material, which originally 
had a melting point of 5°4°, was distilled through a 12-bulb still- 
head, and the following fractions, having the melting points and 
critical solution temperatures given below, were obtained : 


Volume in c.c. M. p. C.S.T. 
Ist fraction ......... 20 5-4° 14-9° 
EE? 4; -o8 57 - jowsesiece 75 5-45 14-9 
Eee 7 5-4 15-0 
Ee 12 5-2 15-8 
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The critical solution temperatures were taken using a solution of 
acetic acid melting at 0°9°, which corresponds to an 88°3 per cent. 
acid. 

Fig. 4 shows the effect of certain typical impurities on the benzene 
critical solution temperature. Thiophen (synthetically prepared 
and carefully purified), when the same proportions and the same 


Fig. 4. 
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% Material in benzene. 
acetic acid solutions are used as for benzene, exhibits a very clear 
critical solution temperature at 1°9°; that is, thiophen is very 
similar to benzene in solubility relations, 1 per cent. of thiophen 
lowering the benzene critical solution temperatures by 0°13° only, 
and therefore this method would only estimate it in benzene to an 
accuracy of about 1 per cent. The toluene curve is included for 


completeness from a former paper (loc. cit.). 
3B 2 
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TABLE IV. 
Results (vide Fig. 4: acid melting at 0°9° = 88°3% acid). 
% cyclo- 

% Gasoline. C.S.T7. Hexane. C.S.T. %Toluene. C.S.7, 
1-47 16-7° 2-89 18-45° 0 14-9° 
2-86 19-0 4-48 20-6 24-77 20:95 
8-4 27:1 13-72 32-9 44-57 26:3 

14-47 36-1 14-2 33°3 75-25 34-5 
18-35 43°3 0 14-9 81-04 36°35 
0 14-9 94-14 40-35 
100-00 41-8 
% n-Butyl 
% Thiophen. C.S.T7'. alcohol. CST. 
0 14-9° 0 14:9° Acetic acid 
31-3 10-6 1-21 9-9 Sige had 
75:3 5-1 3°78 0-2 m. p. 0-9° 
100 1-9 581 7:8 = 88-3 %acid), 
Acetic acid 8-65 14-2 
used had 11-07 38 
m. —2-2° i% n-Butyl alcohol lowers c.s.t. by 4:3°, 
(== 85-7 7% acid). 
Acetic acid. 44-5 20-8 
approx. 39%. 49-4 4:3 
1% n-Butyl alcohol lowers c.s.t. by 4-2°, 
Acetic acid 68-1 16-9 
approx. 50%. 71-23 4-8 


1% n-Butyl alcohol lowers c.s.t. by 3-9’, 


The low-boiling petroleum fraction and cyclohexane produce very 
similar effects, the former raising the critical solution temperature 
values slightly more than the latter. 

1 per cent. of cyclohexane raises the critical solution temperature by 1-25° 

1 per cent. of petroleum an ee a oe a 5, 1°46°, 

The critical solution temperature method was used to estimate 
the concentration of n-butyl alcohol in benzene for experiments 
on adsorption from solution, first with low concentrations of the 
alcohol, but afterwards throughout the whole range up to 100 per 
cent. alcohol. This forms a very interesting example of the value 
of the method. As will be seen from Fig. 4 and Table IV, the 
alcohol has such a large effect that, with one concentration of acid, 
one gets rapidly below ordinary temperature ranges. It was 
necessary, therefore, as the concentration of the alcohol increased, 
to dilute the acid used. The results given below show that up 
to more than 70 per cent. n-butyl alcohol, when the acetic acid 
had been diluted to 50 per cent., a change of 1 per cent. in the 
alcohol concentration still gave almost the same change in 
the critical solution temperature (3°9° instead of 4:3°) as when the 
concentration of alcohol in the benzene was only 1 per cent. and the 
acid concentration more than 90 per cent. This provided, there- 
fore, an extremely accurate and rapid method of estimating n- butyl 
alcohol in benzene throughout the entire range of concentrations. 
The critical phenomena were, moreover, very clear and distinct. 
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for higher concentrations of n-butyl alcohol, the ternary: critical 
lution temperature obtained with 14 per cent. hydrochloric acid 
and n-butyl alcohol, which is so extraordinarily sensitive to im- 


urities of the nature of benzene, was used (1 per cent. of toluene 
yas found to raise the upper and depress the lower ternary critical 


glution temperature of n-butyl 
alcohol-hydrochloric acid by 19°; 
loc. cit.). 

Carbon Disulphide—Aqueous Acetic 
Acid. Estimation of Sulphur in 
Carbon Disulphide-—The carbon di- 
sulphide was a purified material 
(Merck) which gave negative tests to 
ordinary impurities, and on one distil- 
lation through a 12-bulb pear still- 
head, gave the following results : 


Volume(c.c.). C.S.7. 


Ist fraction ...... 50 12-2° 
ara 50 12-4 
Me, ss, —neecs 100 12-4 
4th ae eneden 50 50 
Residue... ..e06 30 12-2 


The third fraction was taken as 
sufficiently pure. 

The critical solution temperature 
taken with acetic acid melting at 
153° proved very sensitive to the 
presence of sulphur, as shown in Fig. 5 
and Table V, linear relations being 
found. One per cent. of sulphur 
raises the critical solution tempera- 
ture by 4°7°, so that it could be 
estimated accurately by this method 
to 0:02 per cent. 
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% Material in carbon disulphide. 


One per cent. of benzene produces a lowering of 1°5°. cycloHexane 
gave a critical solution temperature of 15°0° with the same acetic 
acid. Lower petroleums (b. p. 65—69°) gave a critical solution 


temperature of 8°45°. 


% Benzene. 


TABLE V. 
Results (vide Fig. 5). 
% Sulphur. C.S8.T. 
0 12-4 ° 
0-77 15-95 
1-9 20-7 
2-8 25-4 


1394 JONES: TERNARY ORITICAL SOLUTION TEMPERATURES, E10 


Important Practical Conclusions. 


The experimental work done on these binary and ternary critica] 
solution temperatures, from the point of view of their use ag 
criteria of liquid purity, may be summed up in the following con. 
clusions : 

(A).—In the case of both binary and ternary critical solution 
temperatures, each impurity has its specific effect which must be 
determined before one can judge of the value of the method fo 
indicating its presence, for example, homologues may or may not 
have a large effect. Thus the effect of the lower and the higher 
acid homologues on the critical solution temperature of n-butyric 
acid—water would be very large, whilst that of petroleum homologues 
on the acetic acid—petroleum system is very small, owing to the 
large difference in the solubility relations among the fatty acids, 
Further, although the effect of any material, considered as impurity, 
may usually be foretold to some extent from its general solubility 
relations and from the usual effects produced by certain groups, 
sometimes this is not the case; for example, the effect of dinitro. 
benzene on the critical solution temperature of nitrobenzene, 
Especially does this occur when the critical line shows marked 
deviation from the linear, for example, toluene—aniline, toluene- 
methylaniline. (Results as yet unpublished.) 

(B).—The presence as impurity of the second component will 
not be indicated at all by observation of a binary critical solution 
temperature. This becomes of great importance in cases where 
the second component is the common impurity, for example, water 
in phenol, n-butyric acid, or n-butyl alcohol. <A ternary critical 
solution temperature does not suffer from this defect, although of 
course the effect may be small. 

(C).—A critical solution temperature method is admirably 
adapted by its simplicity and accuracy for following a course of 
purification, say, by distillation, chemical treatment, or fractional 
freezing. It must be emphasised that if, for instance, distillation 
is the process of purification adopted, complete homogeneity of 
material, as far as can be obtained by the purification method, 
and as tested by the critical temperature method, can only be 
assumed when relatively small initial and final fractions give the 
same value as the main fractions. 

(D).—It is always necessary to guard against the possible mutual 
effects of different impurities. Thus, in distilling impure n-buty! 
alcohol, in a first fraction one would get water and the lower homo- 
logues, impurities of practically the same volatility, and yet having 
quite opposite effects on the critical solution temperature of the 
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» ETO, 


BENZOPYRYLIUM SALTS OF DISTYRYL KETONES. PART Il. 1395 


ternary mixture with hydrochloric acid, the homologues lowering, 
and the water raising, the critical solution temperature. Further 
treatment, however, usually reveals the non-homogeneity of the 
fraction. 

(Z).—The so-called binary critical solution temperatures are em- 
ployed until the liquid to be tested is finally purified, but the system 
is not binary and therefore it may be very necessary to use definite 
proportions. Hence the use of the accurate pipettes for the precise 
adjustment of concentration required in determining ternary critical 
solution temperatures is recommended also in the case of binary 
critical solution temperatures. 


My best thanks are due to the staff of Johns Hopkins University 
for giving me every facility for carrying on the research, to Prof. 
K. J. P. Orton for originally suggesting it, and to Prof. F. G. Donnan. 
During this research, I was part-time an 1851 Exhibitioner of 
Wales and later a National Research Fellow of U.S.A. 


J. Hopxins UNIVERSITY. 
UNIVERSITY COLLEGE, LONDON. (Received, November 2nd 1922.] 


CLXII.—Benzopyrylium Salts of Distyryl Ketones. 
Part II. Salts and Metallic Complexes of 
4'-Dimethylamino-2-styrylbenzopyrylium. 

By JoHANNES SyBRanpT Bruck and Istpor Morris HEILBRON. 


In a former communication (T., 1922, 121, 1198), it has been shown 
that whereas 4’-methoxy-2-styrylbenzopyrylium chloride dissolves 
in water giving a red solution which does not alter in colour on 
dilution, the solution of the corresponding 4’-hydroxy-2-styryl- 
benzopyrylium chloride (I) changes from deep red to pure blue on 
high dilution. This alteration in colour was attributed to an inter- 
molecular rearrangement from the benzenoid pyrylium to the 
quinonoid pyrone (II), a rearrangement obviously impossible in 
the case of the 4’-methoxy-salt. 
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With a view to study further the interesting colour changes of 
these styrylpyrylium salts, and with the hope of obtaining new 
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evidence in support of the above suggestions, a series of salts derived 
from 4’-dimethylamino-2-hydroxydistyryl ketone has now been 
prepared, these being, so far as we are aware, the first of their 
class in which a typical basic group is associated with the pyrylium 
nucleus. 

Owing to the presence of the dimethylamino-radicle in the 
molecule, a difficulty in the mode of preparation is introduced, as 
this group renders the pyrylium salts exceedingly soluble in the 
usual acid media employed for their preparation, and as a result of 
this we have been unable to isolate the free chloride in the solid 
state.* Its formation, as also the alteration in structure which 
it undergoes, can conclusively be inferred from the remarkable 
colour changes which take place, as indicated in the following table, 
on heating the ketone with concentrated hydrochloric acid, followed 
by subsequent dilution of the solution with water. 


From 0°25 gram of ketone. 


Colour. Volume of solution in c.c. 
Blood-red (cold solution) — ...........eeeeeee 10 
Golden-yellow (after heating) .............6. 10 
BRO BITTE csccccsesescccvescssccsssscccseesencees 12 
Intense emerald-green ...........scsscssossee 18 

» dark crimson 50 

Sa eee 150 
NE MEIBD® « poccsersicconeskascccces 300 
Blue with violet tint............... 800—1800 
ne a re 2500 
Intense royal blue ..............4. 3500 
Distinct blue solution 108 


Attempts were also niade to prepare the pyrylium iodide, but 
although here brown or green products were actually obtained in 
crystalline form, these proved on analysis to be complicated per- 
iodides to which we have been unable to assign any definite formule. 
On the other hand, two distinct perchlorates have been isolated. 
The first of these, which forms olive-green crystals, is similar in 
appearance to the colour-base, obtained by the addition of dilute 
potassium carbonate solution to a solution of the chloride, and thus 
would correspond in structure to formula (III). The second salt, 
which is orange-yellow, contains an extra molecule of perchloric 
acid and doubtless corresponds to a simple perchlorate of the 
pyrylium salt (Formula IV). 


* Although it has been found impossible to obtain the solid pyrylium 
chloride in the case now under consideration, we have succeeded in doing 
this both with the closely related 7-hydroxy-2-styryl-4-methylbenzopyrylium 
and the corresponding phenyl homologue. The preparation and description 
of these salts will form the subject of a further communication, 
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\/\ Wi ‘CH:CH\ _ / NMe, Oe sm J CHCH, / NMe,H 
LV J O C10, 
ClO, ClO, 

(IIT.) (IV.) 


As regards the colour changes observed on treatment of the 
ketone itself with hydrochloric acid, we suggest that the primary 
red colour is the typical halochromic phenomenon observed generally 
among the distyryl ketones (Baeyer and Villiger, Ber., 1902, 35, 
1189) and that ring-closure is only brought about on heating, the 
golden-yellow solution thus containing the hydrochloride analogous 
in structure to (IV). On dilution with water, hydrolysis of this 
salt would result, the green acid solution now containing mainly 
undissociated pyrylium chloride in which the enhanced colour can 
be attributed to the presence of the free NMe,-group, which is 
again able to exert its full auxochromic influence. With continued 
dilution, increasing ionisation of the salt must occur, with the result 
that the electrostatic forces holding the anion to the positively 
charged oxygen atom will certainly become weakened and the 
subsequent colour phenomena may readily be accounted for by 
structural alterations in which the kation alone is involved. Such 
a suggestion is in strict agreement with the electronic conception 
of valency, the changes solely involving a regrouping of the electrons 
within the octets (compare Kermack and Robinson, T., 1922, 121, 
427). On this basis, the limiting phases would correspond to (V) 
and (VII), in which the latter coincides with the usual quinonoid form. 
In this the anion is regarded as being bound by electrovalence forces 

3 .. HH cic. Me 

-OICCICC, =4CON:Me :O:CiCiCiC’ "CiN:Me 

a “cic” °° os ‘Cic> * 
(V.) (VI.) 
iors SIC, 
>O:C3C:CIC, %C2N:Me (VIL) 
-C : Cc: 
to the ammonium radicle (VIII), this condition corresponding to the 
blue solution, and being quite analogous to the case of 4-hydroxy- 
2-styrylbenzopyrylium chloride. Between these two extreme 
conditions, a further kationic phase is readily conceivable (formula 
VI) and the red solution formed on further dilution of the green 
solution with water could thus be accounted for. In this condition 


of the molecule, we consider the negative ion as being held, not to 
3 R* 
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any specific atom, but co-ordinated with the kationic complex a; 
a whole. It is noteworthy that the red phase is entirely suppressej 
when alcohol or acetone is employed as solvent. A somewhat 
similar conclusion to this has been drawn by Dilthey in his study of 
the quinopyran derivatives (Ber., 1920, 53, [B], 261), the pyrylium 
salts in this series being represented (formula IX) as simply con. 
taining the negative group in a second zone, and not attached to 


AK i 
“oH on H('H 
WOE) \ A ca cH _>:NMe, REIR ax) 
Cl,0H iy oe 
= 


any particular individual atom. 

Further, Kénig and Treichel (J. pr. Chem., 1921, [ii], 102, 63) 
have obviously the same conception in mind in the partial valency 
formula (X) employed by them to represent the attachment of the 
negative radicle in the case of the isocyanine dyes.* 


ON CH CH 
< nac4\“\ (Neu 


Fe in Rear ASS sang, % 
Alk oe ae — AS / /YCH:CHY__DNMe, 
; a Nak O OH 
: HH 
(X.) (XI.) 


Attempts were made to isolate quinonoid salts in the solid state, 
and it was hoped that a blue perchlorate might be obtained. The 
addition of excess of perchloric acid to the blue solution of the 
chloride precipitates, however, the ordinary green perchlorate, the 
action here being the reverse to that of water, but the red and violet 
stages are entirely suppressed. On the other hand, ferrocyanic 
acid gives a brilliant blue precipitate which is probably a quinonoid 
salt of type VIII. Further support to our views regarding the 
existence of a quinonoid form is evidenced by the transformations 
which the colourless carbinol base (XI) undergoes. This substance, 
which has been isolated in an impure state by treating the pyrylium 
perchlorate with aqueous potassium hydroxide, is readily soluble 
in alcohol, giving a solution which, on being poured into a large 


* It is interesting to note that, in the current number of Chemistry and 
Industry (p. 414), Professor Lowry has ingeniously elaborated, from purely 
theoretical deductions, a polar formula for the thiocyanines which is absolutely 
analogous to that now suggested by us, and which harmonises with Kénig 
and Treichel’s partial valency conception (loc. cit.). The present commuti- 
cation was completed before Professor Lowry’s article had appeared. 
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volume of water, forms a colourless suspension. This in turn 
rapidly dissolves, yielding the same deep blue solution as is obtained 
from the chloride. From analogy with the 4’-hydroxy-salt there 
can be little doubt that this contains the quinonoid ammonium 
base. 

Metallic Complex Salts —Although the chloride has not itself 
been obtained, we have been able to isolate a remarkable series of 
crystalline metallic complexes, the preparation of which is described 
in the experimental part. These are doubtless analogous to the 
so-called metallic double salts obtained by Fosse and Lesage (Compt. 
rend., 1905, 140, 1402; 141, 625; 1906, 142, 1543) in the di- 
naphthapyrylium and xanthylium series. With bivalent metals 
such as copper, cobalt, cadmium, and zinc, the complexes have the 
general formula C,gH,,ONCI,HCI,MCl,. The ferripyrylium chloride, 
on the other hand, differs in having no acid addendum, but this is 
exceptional, as both the thallipyrylium chloride and the stanni- 
pyrylium chloride crystallise with such. We suggest that these 
salts, which are all very similar in appearance, being well-defined, 
crystalline substances, yellow or green in colour, are typical 
pyrylium complexes, identical with the perchlorate in structure. 
They are all very readily soluble in water, giving, on just moistening, 
green, crystalline solids which are converted on further addition of 
water, first into a pure violet, and then into the characteristic blue 
substance to which we have attributed the quinonoid pyrone structure, 
In the case of the metallic complexes also, dilution with alcohol or 
acetone entirely suppresses the violet phase. 


ExPERIMENTAL. 


4'. Dimethylamino-2-styrylbenzopyrylium Perchlorate—Three grams 
of 4’-dimethylamino-2-hydroxydistyryl ketone (chloroform additive 
product), prepared according to the method of Heilbron and Buck 
(T., 1921, 119, 1500), were dissolved in 20 c.c. of concentrated 
hydrochloric acid, and the red solution was heated until the character- 
istic change in colour was effected. The solution was then diluted 
to about 2 litres with water (deep purple colour) and treated with 
5 c.c. of 20 per cent. perchloric acid. The dark green, flocculent 
precipitate was filtered, dried, and recrystallised from glacial acetic 
acid, after which it was left to stand for some months in an exsiccator 
over sodium hydroxide, this treatment being necessary in order to 
free it entirely from acid addenda. The salt is obtained in dark 
green, glittering prisms, “‘ puffing’ when heated, and melting at 
207°. It is only very sparingly soluble in water, alcohol, or acetone, 
giving a deep royal blue solution (Found: C = 60°; H = 5'l. 
C,H, ,ON-Cl1O, requires C = 60°7; H = 4°8 per cent.). 7 
3 B* 2 
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The diperchlorate, CygH,,0N*C10,,HCIO,, was obtained by heating 
the ketone (5 grams) with 20 c.c. of concentrated hydrochloric acid 
until the pyrylium salt solution was produced. After cooling, and 
without further dilution, 70 per cent. perchloric acid was cautiously 
added and the yellow precipitate filtered off and recrystallised from 
concentrated hydrochloric acid. The salt forms pale orange. 
coloured needles exceedingly unstable when moist, moderately 
stable when dry. Treatment with water, alcohol, etc., produces 
the normal perchlorate. It explodes with extreme violence on 
heating, so that for analysis it is necessary to mix the compound 
with a large excess of powdered quartz, close the upper end of the 
combustion tube, and then very gradually decompose the salt by 
heating, after which the tube is burnt out as usual (Found: (€ = 
47°1;H=42. C,H,,ON-Cl10,,HCIO, requires C = 46°9; H = 349 
per cent.). 

4’. Dimethylamino-2-styrylbenzopyrylium Ferrocyanide.—This salt 
was prepared by the addition of potassium ferrocyanide solution 
to the dilute, blue, acid solution of the pyrylium chloride. It was 
precipitated as a brilliant blue powder, practically insoluble in cold 
water, somewhat soluble in hot glacial acetic acid with a deep blue 
colour, and very sparingly soluble in all other solvents. As with all 
other compounds of this series, the ferrocyanide dissolves in cold 
concentrated sulphuric acid with a yellow colour, but it is unique 
in that the solution shows a marked greenish-yellow fluorescence 
[Found: C= 608; H=44; Fe=113. C,,H,,ON,H,Fe(CN), 
requires C = 61:1; H = 4:3; Fe = 11-4 per cent.]. 

Picrates.—A bulky green precipitate is obtained by treating a 
dilute (purple) solution of the pyrylium chloride with alcoholic 
picric acid. On drying and recrystallising the product, a mixture 
of bright green and almost black crystals is obtained. These could 
not be separated, being apparently interconvertible. 

Bases of 4'-Dimethylamino-2-styrylbenzopyrylium Chloride.—As 
in the case of other salts of this type (Buck and Heilbron, loc. cit.), 
these could not be obtained crystalline, or sufficiently pure for 
trustworthy analysis. The colour base is precipitated by the addition 
of excess of potassium carbonate solution to a violet solution of the 
chloride. Potassium acetate, the usual reagent, gives no precipitate, 
the violet solution persisting. The colour base forms dull green 
flocks, which, after long drying on a porous plate, yield a sage-green 
powder insoluble in water, but soluble in alcohol or acetone to a 
deep yellow-green solution, from which it is reprecipitated on dilu- 
tion. The alcoholic solution gives a deep emerald colour with 
dilute acetic acid, and a greenish-blue colour with hydrochloric acid, 
both colours persisting on dilution. When warmed with hydro- 
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chloric acid, the alcoholic solution gives a deep green colour; with 


ae excess of acid this becomes orange-red, and gives a fine blue colour 
y, and go” dilution. 

iously The carbinol base is obtained by suspending about 1-0 gram of the 
| from pute perchlorate in 20 c.c. of absolute alcohol, and then adding 2 c.c. 
range. of 25 per cent. potassium hydroxide solution. The salt slowly 


dissolves, yielding a pale yellow solution from which, by the addition 


rate] 
oun of water, a colourless gel separates. On standing over-night, this 
. settles out as a very pale yellow, flocculent precipitate which cannot, 
pe On y pate y' precip 

ound @ however, be entirely freed from potassium, for repeated washing 


with water causes resinification of the product. The impure base 
when dry forms a pale yellow powder which is somewhat sparingly 
soluble in alcohol or acetone, giving a light yellow solution. It is 
soluble in glacial acetic acid with an intense royal blue colour. In 
cold concentrated hydrochloric acid, the base dissolves to an orange- 
yellow solution which becomes blue on high dilution. If an alcoholic 
solution be poured into a large volume of water, a white emulsion 
is first formed which rapidly redissolves with formation of the 
characteristic blue solution. The same change is produced by largely 
diluting an alcoholic solution with alcohol, but does not take place 
when acetone is used as diluent. The change is undoubtedly due to 
the conversion of the carbinol base (XI) into the quinonoid colour- 
base (VIII). As in the case of the blue solution produced directly 
from the chloride, ether extracts no blue colouring matter, but gives 
only a faintly yellow layer. 


Metallic Complexes of 4'-Dimethylamino-2-styrylbenzopyrylium 
Chloride. 


The general method of preparation of these compounds is as 
follows: 5 grams of the ketone are dissolved in 30 c.c. of concen- 
trated hydrochloric (or hydrobromic) acid, and the red solution is 
heated until pyrylium salt formation is brought about. While still 
warm, the solution is treated with an equal weight of the metallic 
chloride (or bromide) dissolved in from 10 to 15 c.c. of water. On 
gently warming the mixture, the whole rapidly sets to a crystalline 
mass. The product is filtered off and repeatedly washed with small 
quantities of concentrated acid and dried, first in an exsiccator 
over sodium hydroxide, and then in a vacuum at 100° for several 
hours. The salts can in most cases be recrystallised from con- 
centrated hydrochloric acid, but the process is wasteful and unneces- 
sary, as they crystallise out from the original solution in a state of 
purity. Although stable in the dry state, they decompose fairly 
rapidly on exposure to moisture, yielding pure green solids with a 
lower chlorine content. The metallic complexes are all very readily 
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soluble in water, giving in the first place deep violet solutions which 
quickly change to blue on dilution. On treatment of the latter 
with hydrochloric acid, the reverse colour change occurs and, on 
carefully increasing the amount of free acid, green and then yellow 
solutions obtain. All the salts are somewhat soluble in alcohol, 
acetone, or glacial acetic acid, giving blue solutions. It is interesting 
to note that strontium chloride and aluminium chloride could not be 
induced to form complexes, whilst the chloroaurate, which separates 
out in a green form and is apparently of the same type as the 
ferrichloride, is too unstable to isolate in a pure state. The complexes, 
although very similar, vary slightly; thus the violet stage persists 
longer with the zinc chloride salt than with the ferrichloride salt, 
and the cuprichloride salt is more soluble than the cobalt chloride 
salt. With ammonium hydroxide, the alcoholic solutions give 
generally a dirty violet colour and a precipitate of the metallic 
hydroxide. 

Cupri-salt, C,gH,,ONC1,HCI,CuCl,.—This salt is obtained in the 
form of ochre-coloured, microscopic needles, melting with decom posi- 
tion at 171—172°. That the metal is present as a complex ion is 
readily shown by the fact that a solution of the salt fails to deposit 
any cupric sulphide whatsoever on saturation with hydrogen 
sulphide. The addition of acid in sufficient quantity to form the 
yellow solution yields a similar negative result [Found : C = 47°7; 
H = 4:1; Cl (Carius) = 29°5. Cale., C=473; H=40; Gl= 
29°4 per cent. ]. 

Cobalt Salt, CygH,gONCI,HCI,CoCl,—This forms brilliant apple- 
green, prismatic crystals melting at 214—215° (Found: C = 47°; 
H=40; Cl= 296. Cale, C=477; H=40; Cl = 29°7 per 
cent.). 

The cadmium salt crystallises out in greenish-yellow needles melt- 
ing at 218—220° (Found: C=430; H=37; Cl= 2772. 
C,g,H,gONCI,HCI,CdCl, requires C = 429; H=36; Cl= 267 
per cent.), whilst the analogously constituted zinc salt is obtained 
in golden, glistening needles which melt at 218° (Found : C = 4710; 
H=41; Cl= 289. C,,H,gONCI,HCI,ZnCl, requires C = 4772; 
H = 4:0; Cl = 29°3 per cent.). 

Cadmium Bromide Salt.—Five grams of the benzene additive 
product of the ketone are dissolved in 30 c.c. of hydrobromic acid 
solution (d 1-7), and the solution heated in order to form the pyrylium 
bromide, which is then treated with 5 grams of cadmium bromide 
dissolved in 10 c.c. of dilute hydrobromic acid. A crystalline mass 
separates out almost immediately and this is filtered off, thoroughly 
washed with concentrated hydrobromic acid, and dried in the usual 
manner. The complex salt is obtained in ochre-coloured, glistening 
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Is which change to orange at 120° and melt at 214—215° 
found: C= 319; H=2°8. C,gH,,ONBr,HBr,CdBr, requires 
(= 32:3; H = 2°7 per cent.). 

The ferri-salt is prepared by dissolving 4 grams of either the 
chloroform or benzene additive product of the ketone in 50 c.c. 
of hot absolute alcohol, and treating the solution with 10 grams of 
commercial ferric chloride dissolved in 30 c.c. of warm concentrated 
hydrochloric acid. An intensely green solution is produced which 
rapidly becomes pasty. More acid is added and after heating on 
a water-bath for a few minutes the product is filtered off, washed 
with concentrated hydrochloric acid, and dried in an exsiccator. 
The crude salt is finally purified by recrystallisation from a mixture 
of acetone and benzene. It adheres very tenaciously to benzene, 
the last traces of which are removed only by heating in a steam-oven. 
The salt forms bronze-green, glistening, prismatic needles which 
melt with decomposition at 227°. Unlike the other metallic com- 
plexes, it is obtained anhydrous, although, as various analytical 
results have indicated, it undoubtedly tends to form an additive 
product with benzene (Found: C= 480; H=40; Fe =11°7. 
CigH,,ONCI,FeCl, requires C = 48:1; H=3°8; Fe =11°8 per 
cent.). 

Stanni-salt, C,gH,,ONCI,HC1,SnCl,,H,0.—This salt is prepared 
by the addition of stannic chloride drop by drop to the green 
pyrylium chloride solution. The yellowish-green precipitate is 
filtered off, dried, and the ochre-coloured powder which results is 
redissolved in a small quantity of water, filtered, and treated with 
an excess of concentrated hydrochloric acid. On standing, long, 
slender prisms separate out, having a characteristic greenish-yellow 
colour. The salt melts at 224°, a distinct change being evident at 
170°, when the crystals change to a pale green powder, this doubtless 
being due to loss of water (Found : C = 36:4; H = 3°6; Cl = 34°0. 
Cale., C = 36:3; H = 3:3; Cl = 34°0 per cent.). 

Thalli-salt, CygH,,ONCI,HCI,TICI,—Five grams of thallous 
chloride, suspended in 20 c.c. of water, are treated with chlorine 
until a clear solution results, when 40 c.c. of concentrated hydro- 
chloric acid are added. The whole is then cautiously added to the 
pyrylium chloride solution obtained from 5 grams of the ketone, dis- 
solved in 40 c.c. of concentrated hydrochloric acid. Some gummy 
matter separates out at first and is removed from the solution by 
filtration, the pure salt being then deposited as a greenish-black, 
microcrystalline mass. The compound is peculiar in being only 
slightly soluble in water, but it is readily soluble in acetone, giving 
an intense blue solution, from which benzene precipitates a mass of 
tiny, green needles. The blue acetone solution gives with dilute 
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hydrochloric acid a violet precipitate which changes to green 
on the addition of further acid, while with a large excess of acij 
a yellow solution is formed (Found: C= 345; H=39 
C,H, ,ONCI,HCI,TICI, requires C = 34°6; H = 2°9 per cent.). 


In conclusion, one of us (J. S. B.) wishes to express his gratitude 
to the Royal Commissioners for the Exhibition of 1851 for a grant 
which has enabled this work to be carried out. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
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CLX III.—Optical Rotations of the Sugars. Part II, 
The Methyl Pentoses and the Glucosides. 


By JoHN GwILiiAM MALTBY. 


THE method previously described for investigating the rotations of 
the sugars (T., 1922, 121, 2608) has been extended to the methyl 
pentoses and the glucosides. 

So far it has been shown that van’t Hoff’s theory of optical 
superposition applies to the aldoses and their derivatives. The 
rotation due to the asymmetric groups other than group | is the 
mean of the rotations of the «- and 8-forms, and is called the 
(« + 8)/2 value; the difference between these values for epimeric 
sugars is constant, and its sign divides the sugars into two groups. 
The distinction between the «- and 8-forms has been shown to 
depend on the relative configurations of groups 1 and 3, and the 
mechanism of the cyanohydrin synthesis also depends on the 
latter. Rules have been formulated by which it is possible to 
determine from the rotation whether a sugar is the «- or the $-form. 

The molecular rotational values found for the asymmetric groups 
are given in Table I. 


TABLE I, 
COB oss scccseseses 5 4 3 2 I 
Pentoses ......... + 60° f — 84° Sugars 
Methyl pentoses ? ? ++60° —60°4 —184° Methyl glucosides 
Hexoses ........000- —30° +30° | —324° Phenyl glucosides 


These figures have been obtained from experimental values which 
have been “rounded off” in order to simplify the graphs and 


calculations. They show that a change in constitution at one 
end of the molecule has no large effect on the other end. The 
negative sign ascribed to group 1 follows from the configuration 
given to a-glucose by Béeseken (Ber., 1913, 46, 2612), Michaelis 
(ibid., 3683), and Pictet (Helv. Chim. Acta, 1920, 3, 649). Thus 
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PART II. 


the butylene-oxidic structure is confirmed, since the signs of the 
rotational values of groups 1 and 2 are the opposite of those of 
groups 3 and 4. 


Group : 6 5 4 3 2 1 
+ og _ * 
OH-CH,—CH(OH)—CH—CH(OH)—CH(OH)—CH-OH. 
| fa’ al 


Vv 


It thus seems that the abnormalities of xylose (Carruthers and 
Hirst, T., 1922, 121, 2299) are not due to the presence of an 
amylene-oxidic structure, as stated by Irvine (this vol., p. 918). 

The Methyl Pentoses.—Proceeding as for the pentoses and hexoses, 
Fig. 1 is obtained for the rotations of the «-, equilibrium, and $-forms 
of those methyl pentoses with a positive (« -+ {)/2 value (loc. cit.). 


Fia. 1. 
+244 
—~ 
+164 +160 
+132 
a = = Sugar. Configuration. 
i" +80 a a 
a +76 | Rhodeose .......-e00es 4+ + + — 
— +40 west 
we 
-4]tsoRhamnose ......... - —- + - 
a Epirhodeose ...... + + 4+ + 
~-44] \Rhamnose ......... + + — — 


= + B equilibrium. 


Rhamnose, in which group 3 is negative, is abnormal with regard 
to its «- and §$-rotations (Hudson and Yanovsky, J. Amer. Chem. 
Soc., 1917, 39, 1013), and tsorhamnose, in which group 4 is negative, 
is abnormal also, since it does not form a hydrazone with diphenyl- 
methanedimethyldihydrazine (Vototek, Z. Zuckerind. Béhm., 1919, 
43, 574). On solving the equations derived from the rotations and 
configurations, the two sets of values given in Table II are obtained 
for the rotational value of each group according to the configuration 
given to group 5 in rhodeose. 


TABLE IT. 
Group 5 4 3 2 1 
(1) 2? +40° ? —60° —84°. Also group 5—group 3= —60°. 
(2) ; 


+60° —60° —84°. Also group 5+group 4= +40°, 
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The second set seems the more probable, in which groups 1, 2, 
and 3 have the same values as the corresponding groups in the 
pentoses and hexoses. This means that rhodeose has the configur- 


ation 
5 4 3 2 


+ + + - 


and not that suggested by Mayer and Tollens (Ber., 1907, 40, 
2434). 

The Glucosides—Since the (« + 8)/2 values of the pentoses, 
hexoses, and methyl pentoses are now known, the rotations of 
their methylglucosides can be calculated, since the difference 
between the molecular rotations of the «- and §-methylglucosides 
of various sugars is constant, and their mean is the same as that 
of the «- and $-sugars from which they are derived (Hudson, J. 
Amer. Chem. Soc., 1909, 31, 66). 

With the methylglucosides, group 1 has a rotational value — 184°, 
and with the sugars it is — 84°, so that the molecular rotations of 
the former differ by 100° from those of the latter. 

Table IIT gives the calculated rotations of the methylglucosides 
derived from the pentoses, hexoses, and methyl pentoses, with 
positive (« + 8)/2 values. In those cases where the rotations are 
known (the values are given in brackets) the calculated rotations 
agree fairly well with the experimental values. A large discrepancy 
occurs only in the case of 8-methylarabinoside, small discrepancies 
being shown by the methylmannoside and the methylrhamnosides, 
these being derived from the sugars with abnormal rotations for 
their «- and $-forms (Hudson, loc. cit.). 


TABLE III. 
Methyl a. B. Methyl a. B. 
arabinoside ...... +364° — 4° galactoside ...... +364° — 4° 
(+403°) (+120°) (+347°) (0°) 
riboside ......... +244° — 124° glucoside ......... +304° — 64° 
(+305°) (—64°) 
xyloside ......... +244° #—124° altroside ......... +304° — 64° 
(+249°) (—108°) 
lyxoside ......... —124° +244° taloside......... +244° —124° 
idoside ............ +244° —124° 
guloside............ +244°  —1]24° 
mannoside ...... — 184° +184° 
(—160° 
alloside ..........6. —184° +184° 
Methyl a B. 
BIND dnssiccnccicccccsscces +344° — 24° 
dsorhamnoside ............++ + 264° — 104° (—100°) 
epirhodeoside _............+.. +224° —144° 


ThAMNOSIAE .z... es seeeseceeee —144°(—121°) +224° (+170°) 


—_ 
“ 
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It has been shown that the rotational value of group 1 increases 
fairly regularly with the molecular weight of the alcohol group in 
the aliphatic series (Bourquelot, Bull. Soc. chim., 1913, [iv], 13, 
xiii; Hudson, J. Amer. Chem. Soc., 1909, 341, 66). 

Knowing the (« + 8)/2 values for the sugars, we can calculate 
the approximate rotational values of group 1 for the glucosides of 
the various alcohols (Table IV). 


TABLE LV. 


Sugars. Methyl. Ethyl. Propyl. Butyl. Amyl. Allyl. Benzyl. Phenyl. 
—84° —184° —194° —200° —210° —210° —210° -—270° —324° 


These values hold for the glucosides of the various sugars, the 
only exception being «-benzylarabinoside, which has a calculated 
value of [M], = 450°. The experimental value is higher than this 
((M]p = 516°; Fischer and Beensch, Ber., 1894, 27, 2482), but the 
authors themselves state that there may be a large error, since a 
very dilute solution was used. 

The Isomerism of the «- and B-Forms.—The sign of the (« + )/2 
value has been shown to divide the sugars into two groups, since 
for those with a positive (« + §)/2 value the ratio of the isomeride 
with the higher positive rotation to the other isomeride in the 
equilibrium mixture is 1:2. In the previous paper (loc. cit.), the 
former was taken to be the «-form, the latter the $-form. It has 
now been found that for mannose and rhamnose this is the con- 
verse of the distinction given by the action of enzymes, the mode 
of preparation, and the rate of hydrolysis of the glucosides. Again, 
in the case of the a«- and 8-tetramethyl methylmannosides (Irvine 
and Moody, T., 1905, 87, 1462), the physical properties are the 
converse of those of other corresponding compounds. Now these 
two sugars both have the configuration 


4 3 2 


and sugars with this configuration have been shown to be abnormal 
as regards the rotations of their «- and $-forms (Hudson and 
Yanovsky, J. Amer. Chem. Soc., 1917, 39, 1013). These sugars, 
which comprise lyxose, mannose, gulose, and rhamnose, are the 
only sugars with a positive (« + §)/2 value and yet with group 3 
negative. Since group 1 has a negative rotational value, the con- 
figurations of the «- and §-forms can be determined from their 
rotations, and it is found that for the «-form groups 1 and 3 have 
opposite configurations, whilst for the @-form they have the same 
configuration. 
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1 HO-C-H H-C-OH 

2 (eo \ ke o('° 

3 HC-OH-O H-(-OH ~O 

4 C— » ail 
a-form. B-form. 


Thus the «-form has a greater numerical rotation than the @-form, 
except in the case of lyxose, mannose, gulose, and rhamnoge, 
where the converse holds good. This difference enables the «-form 
to be distinguished from the @-form by their rotations, where these 
are known accurately. This method of distinction can be applied 
to most derivatives of the sugars, but the sugars themselves show 
mutarotation, so that the rotations cannot always be easily found. 
But the sign of the (« +- @)/2 value is the same as that of the equi- 
librium mixture, except in the case of sugars with an (« + 8)/2 
value less than one-sixth of the difference between the rotations 
of the «- and 6-forms, namely, mannose and allose. Thus if the 
rotation diminishes to the equilibrium value, the isomeride originally 
present was the «-form, whereas if it increases, or if it changes sign, 
the isomeride was the $-form, except in the case of lyxose, gulose, 
allose, and rhamnose, where the converse holds good. The above 
two rules are easier to apply than that of Hudson (J. Amer. Chem. 
Soc., 1909, 31, 66). 

Knowing the configurations of the «- and ®-forms of the sugar, 
it has now been found that the isomeride formed in larger quantity 
by the cyanohydrin synthesis always has the same configuration as 


the «-form of the sugar, since the configuration of group 2 in the. 


product is always the opposite of that of group 4. This is shown 
in Table V. 


TABLE V. 
Configur- Configur- 
Sugar. ation. Main product. ation. Reference, 
§433 6543 2 
Arabinose +--+ — Mannononitrile + + —— Fischer, Ber., 1890, 
23, 2613. 
Xylose — -+ — Gulononitrile — + — — Fischer and Fay, Ber., 
1895, 28, 1975. 
Ribose — — — Altrononitrile — —-—-+ Levene and Jacobs, 
Ber., 1910, 48, 3141. 
Glucose — — + — a-Glucoheptono- — — + -— — Fischer, Annalen,1892, 
nitrile 270, 72. 
Mannose — — -++ + a-Mannohepto- — — + + — Peirce, J. Biol. Chem., 
nonitrile 1915, 28, 327. 
Galactose — +- + — a-Galaheptono- — -+ -+ — — Peirce, ibid. 
nitrile 
Rhamnose -++ -+ — — a-Rhamnohexo- + -+- — — + Fischer and Morrell, 
nonitrile Ber., 1894, 27, 390. 
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Therefore «-guloheptononitrile (La Forge, J. Biol. Chem., 1920, 41, 
951) will have the following configuration 


6 5 4 3 2 


In conclusion, the author wishes to thank Prof. F. 8. Kipping, 
E.RB.S., for his interest in this work. 


CHEMISTRY DEPARTMENT, 
UNIVERSITY COLLEGE, NOTTINGHAM [Received, March lith, 1923.] 


(LXIV.—Estimation of Tin in Wolfram. A Modification 
of Powell’s Method. 


By Octavius Francis LUBATTI. 


Tue method described below for the estimation of tin in wolfram, 
which differs from Powell’s method (J. Soc. Chem. Ind., 1918, 
37, 2857) in that zinc vapour (Beringer, “‘ Text-book of Assaying,”’ 
p. 285) is used instead of sodium peroxide for 
the decomposition of the tin residue, offers the 
following advantages: (a) sodium peroxide, 
which does not keep well in a hot, damp 
climate, is not used, (b) by the use of zinc and 
zinc oxide, the cost of the reagents is about 
halved, and (c) fusion in an iron crucible is 
avoided. 

Principle of the Method.—Wolfram ores, 
when fused with potassium pyrosulphate, arc 
decomposed with the formation of potassium 
tungstate. The product of the fusion is 
treated with a solution of tartaric acid, which 
dissolves tungsten salts but not silica and tin 
compounds. The residue is collected on a 
filter, ignited, mixed with the zinc reducing 
mixture and decomposed in a suitable furnace. The tin, obtained 
in the metallic state together with zinc and zinc oxide, is dissolved 
in hydrochloric acid saturated with chlorine, and the solution, after 
reduction with metallic antimony, is titrated with a standard solution 
of iodine in the usual manner. 

The Furnace-—Any small crucible furnace capable of with- 
standing a temperature of about 1000° is suitable for the purpose. 
The author uses an ordinary Battersea No. 3 fireclay crucible with 
a hole in the bottom 4 cm. in diameter (Fig. 1) and covered at 
the top with a No. 4 scorifier, which is also provided with a hole 
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in the bottom 5 cm. in diameter. The reduction takes place jp 
a small porcelain crucible of 15 c.c. capacity, supported in the 
central part of the furnace by means of a silica triangle, attached 
with nickel hooks to the sides of the crucible. The heat is supplied 
by a No. 4 Mecker burner. 

Standard Iodine WSolution—An approximately N/100-iodine 
solution is standardised against a tin solution prepared as follows: 
0-2 gram of pure tin is dissolved in 50 c.c. of concentrated hydro. 
chloric acid by heating gently, the solution is cooled and made 
up to 500 c.c., and 50 c.c. portions, each containing 0°02 gram of 
tin, are treated with 30 c.c. of concentrated hydrochloric acid, 
The solution, after dilution to about 150 c.c. with water, is 
oxidised with 1 gram of permanganate and then treated as 
indicated below in the case of the actual estimation; 0°02 divided 
by the number of c.c. of iodine used in the titration gives the 
amount of tin corresponding to 1 c.c. of the standard iodine 
solution. 

Method of Procedure-—Two grams of the wolfram ore, ground 
to pass through a 200-mesh sieve, and 7 grams of potassium pyro- 
sulphate are fused in a silica dish. When fusion is complete, in 
about ten minutes, the mass is cooled and then dissolved by gentle 
heating with sufficient 5 per cent. tartaric acid to make the bulk 
of the liquid up to about 200 c.c. Tin having been precipitated 
with hydrogen sulphide, the residue and the precipitate are collected 
on an ashless paper, washed three times with hot tartaric acid 
solution and once with hot water, dried, and ignited in a small 
silica or platinum crucible. 

During this process, a little zinc oxide is sprinkled on the bottom 
of a porcelain crucible of 15 c.c. capacity and covered with 2 grams 
of zine filings. The ashed filter is mixed with zinc oxide and 
transferred to the crucible. A covering layer of zinc oxide and 
a few pieces of zinc is added. The total amount of zinc oxide 
required is about 0°5 gram. 

The charged crucible, covered with an inverted lid, is intro- 
duced into the furnace, previously heated to 1000°, and is main- 
tained at this temperature for ten minutes. When cold, the lid 
is prised off and the contents of the crucible are treated with about 
50 c.c. of concentrated hydrochloric acid, 1 gram of potassium 
permanganate, and 10 grams of sodium chloride. The liquid is 
gently heated until the greater part of the chlorine has been expelled 
and then boiled for fifteen minutes. 

The bulk of the liquid at this stage ought to be 150 to 200 c.c. 
Ten grams of antimony fragments are added and a small funnel 
containing two or three pieces of clean marble is inserted in the 
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neck of the flask. The liquid is boiled for twenty minutes after 
the colour of the ferric chloride has disappeared, a small piece of 
marble is added, and the mixture rapidly cooled and titrated 
with the standard N/100-iodine after the addition of 2 c.c. of 
starch paste. 

A control experiment requires about 2 c.c. of the standard 
solution. 

When 2 grams of ore are taken for assay, the percentage of tin 
is given by the expression 100nf/2, where n is the number of c.c, 
of standard iodine solution required in the titration, and f is the 
amount of tin corresponding to 1 c.c. of the standard iodine. 

Results —The following table shows a comparison of results 
obtained by the original method (Powell’s) and by the modification 
described above; the samples were obtained from different Chinese 
mines. 


Powell’s Modified Powell’s Modified 
Sample. method. method. Sample. method. method. 

0-04 0-03 5 0-53 

0-12 0-09 6 

0-26 0-28 7 

0-32 0-33 8 


The results, which are the average of two estimations in each 
case, agree very closely except in the case of sample 5. 
Antimony as Reducing Agent.—Antimony, the use of which as 


a reducing agent is well known, may replace with advantage the 
granulated lead employed in Powell’s method. 
The following table shows the results obtained. 


Reduction 
Sample. Reduction with lead. with antimony. 
0-46 0-43 
0-35 0-31 
0-76 0-70 
1-00 1-02 


The reduction with antimony, except in case 4, gives lower 
results. This is attributed to the clearer solution obtained by the 
antimony reduction which enables the end-point to be perceived 
more sharply and therefore at an earlier stage. 


THE GOVERNMENT LABORATORY, 
HoNnGKONG. [Received, December 11th, 1922.] 
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CLXV.—The Swelling of Agar-agar. 


By Frep FarrBroTHER and Harotp Mastin. 


A stupy of the treatment of swelling in many text-books 
leaves the impression that, as regards its swelling in aqueous 
solution, agar-agar is affected by acids and by alkalis in much 
the same manner as gelatin, the two usually being considered 
together. Hatschek (“ Laboratory Manual of Elementary Colloid 
Chemistry,” p. 50), under the preparation of an agar-agar sol, 
states, ““ A small addition—one part in 500—of acetic acid is usual 
and promotes imbibition, but is not essential.” Bechold (“ Colloids 
in Biology and Medicine,’ New York, 1919, p. 67) states, “ The 
influence of electrolytes on the swelling of gelatin, agar, pig’s bladder, 
cartilage, and fibrin is very considerable. . . . It may in general, 
be stated that acids and alkalis increase the swelling capacity to 
an extraordinary degree ”’ (italics in original). 

The classical work on the swelling of agar-agar was carried out 
by Hofmeister (Arch. exp. Path. Pharm., 1890, 27, 395), who, 
however, only examined the action of salts. The matter has also 
been studied from a botanical point of view by MacDougal and 
Spoehr (Proc. Amer. Phil. Soc., 1920, 59, 150), by MacDougal 
(ibid., 1921, 60, 15), and by Jochems (De Imbibitie van plantaardige 
Celwanden in Oplossingen van Electrolyten, Diss., 1919, Amsterdam). 
Both workers found that, in general, acids and alkalis decreased 
the swelling, but MacDougal and Spoehr employed only a few 
different concentrations of each acid, and Jochems used commercial 
agar-agar, which was not subjected to any process of purification. 
In neither of these cases can the matter be considered to have 
been exhaustively treated from the physicochemical point of view. 

As it seemed highly improbable that agar-agar, largely carbo- 
hydrate in composition, could behave in a similar manner as a 
protein, its degree of swelling in acids and in alkalis has been 
examined, and the effect of the nitrogen-containing constituent 
determined. The results show that agar-agar is very sensitive to 
the action of acids and alkalis, but contrary to the case of gelatin, 
the swelling is very considerably repressed. Moreover, the small 
amount of nitrogenous matter plays an insignificant part in the 
swelling of agar-agar, which behaves essentially as an acid, forming 
salts, which are ionised in solution, but to what degree has not yet 
been determined. It is not amphoteric like a protein. 


The Chemical Constitution of Agar-agar. 


As in the case of gelatin, the swelling of agar-agar can best be 
considered in the light of its chemical constitution. It is usually 
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ferred to as d-galactan. It is a hemicellulose, which on hydrolysis 
yith dilute acids gives chiefly d-galactose; other hexoses and 
ynaller amounts of pentoses are formed at the same time. 

The ash content of agar-agar is high, as shown by the numerous 
malyses of Fellers (J. Ind. Eng. Chem., 1916, 8, 1128). Samec and 
Ssajevit (Compt. rend., 1921, 173, 1474) found that after three 
months’ dialysis, agar-agar still contained inorganic constituents 
in considerable quantity. Pauli (Pfliiger’s Archiv, 1897, 67, 219) 
and MacDougal (loc. cit.) claim to have used practically salt-free 
or ashless agar-agar, but do not give estimations of the ash. 

The ash consists chiefly of calcium sulphate, with a small amount 
of magnesium sulphate and traces of other salts and silica. The 
behaviour of agar-agar on dialysis and the composition of its ash 
suggest a similarity between its chemical structure and that of one 
constituent of carrageen (Chondrus crispus). Haas (Biochem. J., 
1921, 145, 469) has shown that the ash content of carrageen cannot 
be reduced by dialysis below 14°6 per cent. The ash is principally 
calcium sulphate. In solutions of the original carrageen, calcium- 
ions are present, but not sulphate-ions. On ashing, only one-half 
of the sulphate is found in the ash, the rest being lost as sulphuric 
acid. This free acid causes blackening when carrageen is heated 
for some time at 100°. Haas concludes that the calcium and the 
sulphate are integral parts of the carrageen molecule, and are 


present as a sulphuric ester, R<Oe020>Ca. Neuberg and Ohle 
2 


(Biochem. Z., 1921, 125, 311), examining the sulphur content of 
agar-agar, found that the sulphur present in its ash was less than 
one-half of the total sulphur of the original agar (estimated by 
fusion with sodium carbonate and potassium nitrate). The quantity 
of sulphur obtained as sulphuric acid on boiling with hydrochloric 
acid (strength not stated) for varying periods of time was little 
greater than that obtained in the ash. Their results are not very 
concordant. They conclude that the sulphur in agar-agar may be 
partly present in a form other than that of a sulphuric ester. 

The present work was almost completed when a paper appeared 
by Samec and Ssajevit (Koll. Chem. Beihefte, 1922, 16, 285) in 
which the authors, chiefly from a consideration of the increase 
of the electrical conductivity and the dialysable fraction of agar- 
agar on prolonged heating, conclude that it contains an ester of 
sulphuric acid and possibly of silicic acid. They state that the 
free acid is monobasic, and give to it the formula (C,H,)0;);4S0,H. 

The present work indicates that agar-agar contains, probably 
as its chief constituent, a sulphuric ester of calcium, and small 
quantities of the magnesium and other salts. The results obtained 
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on hydrolysis with hydrochloric acid do not agree with those of 
Neuberg and Ohle. The following estimations were carried out op 
strip agar-agar, which was cut up into small pieces about one. 
eighth to one-quarter of an inch long, in order to obtain samples 
as uniform as possible, but the results show that, even so, the 
sampling was not perfect. Samec and Ssajevit refer to the 
difficulty of obtaining concordant results, and probably the lack of 
concordance in Neuberg and Ohle’s figures is attributable to the 
same cause. 

The values given are calculated on the original air-dried agar. 


The moisture content was 22°6 per cent. (estimated by drying at 
105°). 


Percentage of SO, in agar- agar. 


2 Grams heated with Total sulphur by Benedict's 


In 100 c.c. of 10% HCl at method (oxid. with 

ash. 100° for 6 hours. KCIO, and CuSO,). 
ii 1-43 2-61 2-75 
II. 1-40 2-58 2-79 


That is to say, nearly the whole of the total sulphur appears as 
sulphuric acid on hydrolysis with dilute hydrochloric acid. Similar 
results were obtained with various other batches of agar-agar. In 
agreement with the workers mentioned above, the agar sol was 
found to contain calcium-ions, but no sulphate-ions. On heating, 
however, sulphate-ions were formed, probably as a result of the 
hydrolysis of the agar : 


2H,0 + (R-O-SO,-0),Ca = 2ROH + CaSO, + H,S0,. 


This breaking down of the agar takes place with great readiness 
in the presence of even dilute acids. The heating for thirty 
minutes at 100° of a 2 per cent. sol, 0°01N with respect to hydro- 
chloric acid, destroys its gelling power, and produces free sulphuric 
acid. Hydrolysis occurs slowly even in distilled water at the 
ordinary temperature. 

The calcium in the agar-agar may be replaced by other metals. 
An agar-agar sol was heated with a slight excess of potassium 
oxalate, filtered, and allowed to cool. The gel was cut up and 
dialysed to remove soluble salts. The product contained practically 
no calcium or magnesium, but the ash consisted almost entirely of 
potassium sulphate, the amount of which was approximately 
equivalent to the amount of calcium sulphate obtained. from the 
original agar-agar. The sol filtered very easily and set to a firm 
gel. 

Attempts were made to prepare the free acid R-O-SO,OH by 
soaking agar-agar in dilute hydrochloric acid (0°01N) and water 
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alternately. Under these conditions, a gel was obtained which 
was almost ash-free (the silica remained), but which could not be 
melted without hydrolysis occurring, with the consequence that it 
did not set to a gel again on cooling. This was probably the free 
acid, which is much less stable than its salts. Samec and Ssajevit 
state that their electro-dialysed agar-agar was very sensitive and 
decomposed easily. 


EXPERIMENTAL. 


The agar-agar used was the best strip obtainable. The strips 
were cut into pieces 1] in. to 2 in. long and thoroughly mixed. The 
swelling experiments were all carried out on one batch of agar-agar, 
the analysis of which was as follows: in the original agar-agar, 
moisture = 25-2, nitrogen = 0-25, ash = 3-51; after purification, 
nitrogen = 0-15, ash = 1-25 per cent. The ash and the nitrogen 
are calculated on the weight of agar-agar dried at 105°. 

Purification —The methods of purification used by previous 
workers depend mainly on precipitation from a filtered solution of 
washed agar, by alcohol or acetone, and desiccation of the product. 
MacDougal (loc. cit.) dialysed a hot filtered solution of agar-agar 
for ten days, poured it into a large volume of acetone, and dried the 
product with alcohol and ether; the product was stated to contain 
only traces of nitrogen and ash. Klostermann (Z. Hyg. Infekt.- 
Krankh., 1921, 94, 262) has obtained nitrogen-free agar-agar 
by hydrolysis with alcoholic potash. He states that the carbo- 
hydrate part is unaffected, whilst the protein is hydrolysed. For 
the present purpose, however, this method is undesirable, since we 
have found that even dilute alkali is not without effect on the 
chemical composition of agar-agar. More recently, Pekelharing 
(Proc. K. Akad. Wetensch. Amsterdam, 1922, 30, 309) found that the 
nitrogen content of agar-agar can be reduced from 1-6 to 0°39 
per cent. by heating a solution at about 50° for twenty-four hours, 
and filtering through wadding. He explains the reduction by 
supposing that the heating coagulates the protein matter, which is 
then filtered out. 

All successful methods of purification involve washing and 
filtration, and it would appear that these processes account for the 
greater part of the purification. Direct experimental confirmation 
of these points was obtained. Ten grams of an agar-agar (B) 
which contained 0-41 per cent. of nitrogen (calculated on the 
weight of the dried product) were soaked in distilled water, which 
was frequently changed. The first 700 c.c. extracted 16-5 per cent. 
of a (dry) material very similar to agar-agar in appearance. This 
material, dried at 105°, contained 0-82 per cent. of nitrogen. A 
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further 550 c.c. of water extracted only 4-7 per cent. of (dry) 
material. These results are in agreement with those of previous 
workers (Kénig and Bettels, Z. Nahr. Genussm., 1905, 10, 457; 
Fellers, Soil Sci., 1916, 2, 255). Also, some unpublished results of 
the present authors on the solubility of strip agar-agar in water and 
dilute acids show a distinct minimum in 0-002N-hydrochloric acid, 
the curve being similar to that of gelatin, indicating that the soluble 
matter is, partly at any rate, protein in nature. 

Commercial agar-agar is contaminated by a considerable amount 
of foreign matter such as crude fibre, diatoms, sponge spicules, ete. 
The crude fibre is rich in salts and nitrogen, and consequently simple 
filtration reduces the nitrogen and ash contents relatively more than 
dialysis. 

A 5 per cent. sol of agar-agar (B) was melted in a tall beaker and 
allowed to cool slowly so that the crude fibre settled on the bottom. 
It was found that the upper part of the agar-agar contained only 
0-37 per cent. of nitrogen, whilst the lower layer, including the 
crude fibre, contained 0-81 per cent. of nitrogen. 

The ash content of another sample of agar-agar was reduced from 
4-72 to 3-25 per cent. by filtration alone. Two weeks’ dialysis of 
agar-agar (B) and filtration reduced the nitrogen from 0-41 to 0-16 
per cent. and the ash from 4-99 to 2-38 per cent. (The values 
are all calculated on the weight of the agar-agar, dried at 105°.) 

In the present work the agar-agar was treated as follows. Fifty 

grams of strip agar were dialysed against running tap water for 
twenty-one days; the addition of a preservative such as thymol 
was unnecessary, no trace of mould being formed. The washed 
strips were made up to 1,000 grams with water and heated in an 
autoclave at 120° for half an hour. After filtration, an operation 
generally requiring one or two hours, the clear solution, allowed to 
cool to about 50°, was poured into a mould, formed on a levelled 
sheet of plate glass by four thick glass strips which were ground to 
fit closely at the corners. The plate thus formed, on cooling, was 
about 20 cm. square by 0-5 cm. thick. Disks 3-4 cm. in diameter 
were then cut out by means of a sharp cork borer. These were 
soaked in several changes of distilled water and were then dried, 
with frequent turning, on glass plates in an incubator at 20°, con- 
taining a large dish of calcium chloride and a small electric fan. 
The fan greatly accelerated the rate of drying and thus prevented 
the formation of mould, which appeared on slower drying. Desicca- 
tion was also much more uniform, and the disks contracted more 
in thickness than in diameter on drying. 
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Reaction® of Swelling Media. 

During recent years, prominence has been given to the effect of 
the hydrogen-ion concentration on the swelling and other properties 
of protein gels. The reaction of all the solutions used in these 
experiments has been determined, and is expressed in Sérensen’s 
notation (py); this method facilitates the graphical representation 
of the results over the wide range of concentrations used. In the 
more concentrated solutions, the hydrogen-ion concentration was 
determined by means of the hydrogen electrode. When the solution 
was very dilute, however, its electrical resistance rendered the usual 
electrometric technique impracticable; in these cases, the reaction 
was determined by the indicator method, using for comparison 
purposes buffer solutions which had been checked against the 
hydrogen electrode. The latter method is open to question, both 
on the ground of the effect of the indicator on the reaction of a 
dilute unbuffered solution, and of the uncertainty of the effect on the 
colour of the indicator, of the much greater salt concentration in 
the comparison buffer solution. Control experiments, however, 
using dilute solutions of known concentrations, similar to those 
used in the experiments, showed that it was possible to estimate the 
reaction of even the weakest solutions, with an error generally of 
less than 0-2 py. 

In Table II, under “ Initial py,” are given the values determined 
experimentally just before the agar-agar disks were put into the 
solutions. The “ Final py” values were determined under similar 
conditions at the end of the swelling time. In the case of the 
alkali solutions, particularly the more dilute, the initial py does not 
agree with that calculated from the strength of the alkali, assuming 
the latter to be pure. This may be explained by the unavoidable 
contamination with carbon dioxide during the manipulation of the 
solutions and agar-agar disks. 


Estimation of Swelling. 


The degree of swelling was determined by Hofmeister’s original 
method. Weighed disks were allowed to swell in 200 c.c. of liquid 
in glass-stoppered jars, in an electrically controlled thermostat 
oven at 20°. Except in the experiments on the velocity of swelling, 
the disks were allowed to swell for three days. In view of the fact 
that in water and in dilute solutions, agar-agar continues to take 
up water for many weeks, a longer swelling time than three days 
might be considered advisable; but taking into account the magni- 
tude of the other unavoidable experimental errors, there is no reason 
to suppose that such a procedure would materially affect the 
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relative swelling, since the velocity of absorption of water in the 
different liquids is, after the first few days, approximately propor. 
tional to the swelling. The swollen disks were removed by a 
section lifter, rapidly dried with filter-paper, and transferred to a 
stoppered weighing bottle. The disks were not damaged by the 
handling, as is shown by the smoothness of the curves of velocity of 
swelling. It was not found necessary to add any preservative to the 
solutions. 

In accordance with the experience of workers who have investi- 
gated the swelling of gelatin, it was found that the previous history 
of the gel markedly affected its power of swelling. In particular, 
the time of heating during sol formation and filtration influenced 
the subsequent swelling of the gel. Samec and Ssajevié (loc. cit.) 
showed that the effect on the degree of dispersion of agar-agar (as 
measured by the osmotic pressure) of heating at 120° was compara- 
tively small during the first three hours, and that on further heating 
(three to five hours) the dispersion increased rapidly. The effect 
on the swelling of the gel of heating at 120° is similar. Heating for 
several hours causes a decrease in the amount of swelling in pure 
water and dilute solutions, the percentage swelling in the more 
concentrated solutions being affected to a somewhat less degree, 
Disks, the preparation of which from the same lot of agar-agar 
differed only in the time the sol had been kept at 100° awaiting 
casting, swelled to different extents in pure water; those which 
were cast last swelled least. This is the chief reason for the differ. 
ences in the percentage swelling in water shown in the tables. 
Prolonged dialysis of the agar-agar tended to have the same effect, 
in a less degree, as heating, on account of the partial hydrolysis of 
the agar-agar. 

In the following tables are given the degrees of swelling of agar- 
agar purified by dialysis and filtration. In Table I are given the 
amounts of water absorbed per cent. of dry agar-agar, in water, 
0-01N-hydrochloric acid, 0-01N-sodium hydroxide, and acetic acid 
(1 in 500), for varying periods. These figures are plotted in Fig. 1. 
In Table II are given the degrees of swelling of agar-agar in several 
acids and alkalis. Under “ Percentage swelling” are stated the 
amounts of water absorbed per cent. of dry agar-agar, to the nearest 
five units. In consequence of the above-mentioned fact, that 
very slight changes in the thermal history of the agar-agar affect 
the degree of swelling, the amount of water absorbed is also expressed 
in Table II as “ Relative swelling” in terms of the amount taken 
up in pure water, which is given as 100. In any series, including 
the series in Table I, the agar-agar disks were all prepared at the 
same time and treated alike throughout. Nevertheless, as can be 
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seen, occasional values (which are enclosed in brackets in the table) 
were obtained which do not lie on the curve given by the majority. 
These occur chiefly in the more dilute solutions, in which the reaction 
of the medium was more affected by the agar-agar itself and by 
absorption of carbon dioxide. 


TABLE I. 


Velocity of Swelling. 


Water absorbed per cent. of dry agar-agar. 


Time in days. sg 2 3 4 7 14 29 
Water 760 1034 1179 1304 1362 1530 1690 1778 
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On swelling, the pale brown colour of the disks disappears and 
they become white and opalescent, in contrast to gelatin, which 
becomes transparent and almost indistinguishable from the liquid. 
The surfaces in contact with the glass, during casting, and with 
the air, respectively, do not dry quite in the same way, and the 
various phases are reproduced in the reverse order during swelling. 
A cylinder with concave and convex ends is the usual form. By 
the third day, when the greater part of the swelling has taken place, 
the disks will have assumed their final shape; if the swelling is 
sufficient to restore their original concentration, their appearance 
will be exactly as it was when they were stamped out. 

The relative swelling is plotted against the final py in the cases 
of hydrochloric acid, sodium hydroxide, and barium hydroxide on 
the graph (Fig. 2). The swelling decreases continuously in hydro- 
chloric acid, almost as a linear function of the negative logarithm 
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of the hydrogen-ion concentration. The values for the relative 
swelling in acetic, sulphuric, oxalic, and phosphoric acids, when 
plotted, lie close to the hydrochloric acid curve, the relative swelling 
at a given value of py being of the same order in each of the acids. 
There is no evidence that the relative swelling at a given py is any 
less in sulphuric acid than in the other acids, as was found by Loeb 
(J. Gen. Physiol., 1920, 3, 247) to be the case for gelatin. 

On the other hand, in sodium hydroxide solution the relative 
swelling shows a maximum, greater than the maximum swelling in 
water. ‘This may be due in some degree to the fact that the water 
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was always slightly acid owing to absorption of carbon dioxide, 
and also to partial replacement of the calcium in the agar-agar, 
by sodium. An agar disk, when allowed to swell in 0-01.N-sodium 
hydroxide and in water alternately, for a number of changes, 
swelled more than in either separately, and a subsequent analysis 
showed that the calcium had been entirely replaced by sodium. 
The swelling is depressed in baryta solutions, but in view of the 
difficulty of excluding all contamination with carbon dioxide, one 
cannot say if in all cases the swelling is less than in water. Only 
in one case, in several series of experiments on the swelling in 
baryta solution, did the disks in the dilutest solutions swell some- 
what more than in the corresponding water solutions. There is no 
VOL. CXXIII. 30 
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doubt, however, that agar-agar swells to a much less degree in dilute 
baryta than in sodium hydroxide solution of the same concep. 
tration or py. 

The relative swelling in dilute ammonia showed a pronounced 
maximum, greater than that in sodium hydroxide solution, but lying 
at about the same py. Owing to the difficulty of measuring the 
Pu Of more concentrated ammonia solutions, a complete series of 
experiments was not carried out. 

Agar-agar from which the nitrogen had been further removed by 
tryptic digestion showed no difference from agar-agar treated as 
above, as regards swelling in acid or alkali. This demonstrates 
the small part which the remaining nitrogenous constituent plays 
in the swelling. 

Also agar-agar of the same batch, made up into a sol and cast 
into disks without dialysis or filtration, showed qualitatively the 
same decrease of swelling in acids, although in consequence of the 
‘shorter time taken in its preparation, the disks in each case swelled 
to a greater extent. 

Conclusion. 


Agar-agar appears to consist principally of the calcium salt of 
an acid sulphuric ester, (R*O*SO,°0),Ca. The effect of acid is to 
produce a reversible equilibrium of the type 


(R-O-SO,-0),Ca + 2HCl = 2R-0-S0,-OH + CaCl, 


the calcium salt and the free acid sulphuric ester being ionised to 
some extent. The free acid swells less in water than the calcium 
salt, and its ionisation and swelling are further diminished by the 
presence of acid. When an agar-agar disk is allowed to soak 
alternately in water and in dilute hydrochloric acid (0-014), the 
calcium is almost entirely removed. The swelling of the product 
is much less in water than that of the calcium salt, is decreased by 
acids, and shows a maximum in dilute alkali solution. 

When agar-agar is heated with dilute alkali solution, it darkens 
in colour, particularly with ammonia, which blackens it very 
quickly. The brown substance produced by caustic soda can be 
entirely washed out in a few days by dialysis. The darkening is 
not due to free sulphuric acid, for the addition of acid of a greater 
concentration than could possibly be produced by hydrolysis of the 
agar causes no darkening on boiling. 

The theory that the swelling of agar-agar is principally governed 
by the chemical behaviour of the sulphuric ester is supported by 
the results of Kruyt and Jong (Z. physikal. Chem., 1922, 100, 250), 
who obtained stoicheiometrical relationships for the effect of 
different kations on the viscosity of agar-agar sols. They state 
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“ Wir haben nun ausfiihrliche Untersuchungen am Agarsol angestellt, 


"| das ein hdheres Kohlenhydrat und deshalb keinesfalls ein Elektrolyt 


jst, dennoch aber ein typisches lyophiles Sol liefert.’’ Owing to 
this assumption, they had some little difficulty in explaining their 
results, which follow at once from the present theory. 

Further evidence in support of the foregoing theory of the com- 
position of an agar-agar gel is afforded by its behaviour as an electro- 
osmotic diaphragm. Several workers have observed that no reversal 
of the direction of flow takes place when the diaphragm is acidified. 
This has been confirmed, and the explanation follows immediately 
from the above theory. In the neutral state, the micellz consist of 
undissociated salt and sulphuric ester-ion, both possibly polymerised, 
(H,O],[(R*O-SO,°0),Ca],[R:O-SO,°0’.. 

The calcium-ions exist in the intermicellar spaces. On applying 
an external electromotive force, the water will move to the cathode. 

When acid is added, the calcium is partly replaced by hydrogen 
so that the composition of the micelle will be 


[H,O},[(R-O-SO,:0),Cal[ R-O-SO,°OH],,[R*O-SO,°0"}n, 
that is, the product will still be electronegative. 


In the presence of alkali, the calcium is partly replaced by the 
alkali metal, and the micellz will consist of 


[H,O],[(R:O-SO,°O),Ca},[R-O-SO,"ONa].[R:O-SO,°O"]y. 
Through all these changes the colloid complex remains negatively 


charged with respect to the water, and therefore the direction of 
electroendosmosis will be towards the cathode. 


Summary. 

1. Agar-agar consists principally of the calcium salt of an acid 
sulphuric ester, which is considered to be ionised in the sol and the 
gel states. 

2. The corresponding potassium salt and the free acid have been 
prepared. The potassium salt forms a very firm gel. The free 
acid decomposes readily on heating. 

3. Agar-agar has been purified by dialysis and filtration, and the 
degree of swelling of the purified agar-agar in various solutions 
has been determined. 

4. Agar-agar behaves quite differently from gelatin as regards its 
swelling in acids and alkalis. 

5. Acids decrease the swelling, which is nearly proportional to 
the py of the solution. The effect of hydrochloric, sulphuric, 
oxalic, acetic, and phosphoric acids is almost the same at the 
same py. . 


- 6. Agar-agar swells-more in very dilute caustic soda solution 
302 
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than in water ; in more concentrated alkalis the swelling is less than 


it isin water. Agar-agar swells much less in baryta solutions than 


. DURRBANS : 


in water. 


7. These results support the view that the swelling of agar-agar 
is governed by the chemical reaction between the medium and the 


sulphuric ester. 


8. The behaviour of agar-agar as an electroendosmotic diaphragm 
further supports the theory that the framework of an agar-agar gel 
consists of hydrated undissociated sulphuric esters and the elec. 
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tronegative sulphuric ester complex. 
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Tue action of sulphuryl chloride on more complex benzenoid 
substances than the simple mono-substituted derivatives of benz- 
ene previously investigated (T., 1922, 121, 44) has been examined 
under the conditions of experiment therein laid down, except 
where otherwise stated. 


CLXVI.—The Action of Sulphuryl Chloride on Organic 
Substances. 


[Received, March 19th, 1923.] 


Part II. 


By THomas Harotp Durrans. 


The table shows briefly the results obtained. 


Organic substance. 


Benzyl! benzoate. 
Benzyl acetate. 
Benzil. 

Anisole. 
Salicylaldehyde. 
Anisaldehyde. 
Cinnamaldehyde. 
Cinnamic acid. 
Anthranilic acid. 
Anethole. 
Methylchavicol. 


Products. 
Benzyl chloride. . Benzoic acid. 
Traces of acetic anhydride and benzoic acid. 
No action. 
2:4: 6-Trichloroanisole. 
5- -Chlorosalicylaldehyde. 
3 : 5-Dichloroanisaldehyde. 
a8-Dichoro-B- -pheniyipropaidehyde. 
aB- Dichloro-B- phenylpropionic acid. 
3 : 5-Dichloro-2-aminobenzoic acid. 
A tetrachloroanethole. 
A tetrachloromethylchavicol. 


The positions of the chlorine atoms in the last two products 
have not yet been satisfactorily defined. 


EXPERIMENTAL. 


Benzyl Benzoate-—Sulphuryl! chloride (5 mols.) was distilled on 
to benzyl benzoate (m. p. 19°; 


1 mol.); very little sensible reaction 
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took place. After three days, the excess of sulphuryl chloride 
having been removed by distillation, the remaining liquid gave 
two main fractions and a black residue; the small, first fraction, 
distilling up to 80°/15 mm., was identified as benzyl chloride, 
the second fraction, b. p. 140—190°/15 mm., as benzoic acid. 

It is probable that benzoic anhydride is one of the products of 
the reaction, but the low vapour pressure of this substance (b. p. 
360°) necessitates for its distillation a temperature which, in presence 
of traces of sulphur trioxide, is favourable to decomposition, water, 
and therefore benzoic acid also, being produced. 

Benzyl Acetate—A mixture of sulphuryl chloride (4 mols.) and 
benzyl acetate (1 mol.) was gently boiled under reflux for about 


] cight hours and then fractionally distilled. After removal of the 
j excess of sulphuryl chloride, two fractions were taken boiling 
] approximately at 48°/12 mm. and 95°/10 mm., the second being 
1 comparatively large. The first fraction boiled under atmospheric 
] pressure at 118°, the temperature rising rapidly to 135°, and had 
__ |} all the characteristics of acetic anhydride. The second fraction, 
nie | 
residue remaining from the original distillation gave a sublimate 


b. p. 212—216°/760 mm., was unchanged benzyl acetate. The 


of benzoic acid, m. p. 120°. 
Benzyl acetate is, in the main, unattacked by sulphuryl] chloride 
under the conditions of the experiment, only small quantities of 


acetic anhydride and benzoic acid being produced. 


Benzil.—Sulphury1 chloride (7 mols.) was distilled on to benzil 
(I mol.), when solution took place with a slight absorption of 
heat. After three days, the excess of sulphuryl chloride was 
slowly distilled off, and the residue poured into water. The yellow 
solid obtained proved to be benzil in almost unchanged amount. 

Anisole-—Peratoner (Gazzetta, 1898, 28, i, 197) found that 
p-chloroanisole is the product of the reaction between sulphuryl 
chloride and anisole, while Béeseken (Rec. trav. chim., 1911, 30, 
281), using aluminium chloride as a catalyst, obtained a chloro- 
anisole and dianisyl sulphoxide. Hugouneng (Ann. Chim. Phys., 
1890, [vi], 20, 521) obtained a trichloroanisole, m. p. 60°5°, by the 
action of chlorine on anisole. It has now been found that impure 
sulphuryl chloride can be made to yield the trichloroanisole of 
Hugounenq, probably by virtue of its partial dissociation into 
sulphur dioxide and chlorine (compare Trautz, Z. Elektrochem., 
1908, 14, 534). 

Commercial sulphuryl chloride was mixed in large excess with 
anisole; a solid substance formed which subsequently dissolved 
in the excess of sulphuryl chloride. The solution was heated 
under reflux for several hours, and the excess of sulphuryl chloride 
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then slowly distilled off. The residue was poured into water and 
after purification melted at 60° (Found: Cl = 50°12. Cale. for 
C,H,;OCl,, Cl = 50°36 per cent.). The substance is identical with 
that obtained by Hugounenq (loc. cit.) and is 2:4: 6-trichloro. 
anisole. 

Salicylaldehyde.—Sulphuryl chloride (5 mols.) was distilled on 
to salicylaldehyde (1 mol.). Vigorous reaction ensued, much heat 
being evolved, and the mixture passed through a series of colour 
changes, from purple to red, orange, and finally to yellow (compare 
Silberrad, T., 1921, 119, 2030). After about half an hour, the 
mixture solidified. The excess of sulphuryl chloride was distilled 
off; the residue boiled at about 105°/12 mm. The distillate, 
crystallised from benzene, gave long, flat needles, m. p. 100°, of 
5-chlorosalicylaldehyde, identical with the compound obtained in 
a similar way by Peratoner (loc. cit., p. 235) (Found: C = 52°53; 
H = 3°37. Cale., C = 53°67; H = 3:19 per cent.). The crystals, 
oxidised with chromic acid mixture, gave a small yield of 5-chloro- 
salicylic acid, m. p. 172°. 

Anisaldehyde.—Vigorous action occurred wher sulphury] chloride 
(9 mols.) was distilled on to anisaldehyde (1 mol.), and the mixture 
rapidly darkened. After remaining for three days at room 
temperature, the sulphuryl chloride was slowly distilled off. 
From the residue was obtained a large fraction, boiling at about 
149°/11 mm., which solidified on cooling. The bright red solid, 
after crystallisation from alcohol, melted at 61°5°, was odourless 
and colourless, and had the properties of an aldehyde (Found: 
C= 4695; H=2:96; Cl = 34°77. C,H,0,Cl, requires C= 
46°82; H = 2°93; Cl = 34°63 per cent.). Oxidised with chromic 
acid mixture, it gave an 80 per cent. yield of an acid, m. p. 202— 
202°5°, which, by the melting point of the mixture, was identified 
as 3 : 5-dichloroanisic acid (compare Reinecke, Z. Chem., 1866, 366). 
On boiling this acid with concentrated hydriodic acid, 3 : 5-dichloro- 
4-hydroxybenzoic acid, m. p. 265° (corr.), was obtained (compare 
Mazzara, Gazzetta, 1899, 29, i, 388; Tarugi, ibid., 30, ii, 490; 
Bertozzi, ibid., 29, ii, 39). 

The 3 : 5-dichloroanisaldehyde, similarly treated with hydriodic 
acid, yielded 3 : 5-dichloro-4-hydroxybenzaldehyde, m. p. 156°, an 
odourless, white solid (compare Auwers and Reis, Ber., 1896, 
29, 2356). 

It is evident that the product of the reaction between anis- 
aldehyde and sulphuryl chloride is 3: 5-dichloroanisaldehyde. 
No dichloro-derivative of anisaldehyde appears to have been 
previously known. 

. Cinnamaldehyde—The reaction between cinnamaldehyde and 
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sulphuryl chloride was very vigorous, free chlorine being liberated 
along with sulphur dioxide. The product, obtained in good yield, 
was a liquid, b. p. 151—153°/20 mm., which would not solidify 
when cooled to — 12° and had a sharp, weak odour reminiscent of 
ouone. It would not readily yield chlorine to alcoholic silver 
nitrate solution (Found: C= 52°76; H==3°79; Cl = 34°88. 
(,H,OCI, requires C = 53:20; H= 3°94; Cl = 34°97 per cent.). 
The substance can be readily oxidised with nitric acid, and difficultly 
with chromic acid mixture, to yield an acid which on hydrolysis 
with sodium hydroxide solution gives w-chlorostyrene. 

It seems evident that the compound formed by the action of 
sulphuryl chloride on cinnamaldehyde is «$-dichloro-$-phenylprop- 
aldehyde, although the properties of the product obtained as 
above are not in agreement with those recorded by Naar (Ber., 
1891, 24, 246) for this aldehyde. Naar states that it is a crystalline 
solid which has lachrymatory properties, and gives off hydrogen 
chloride very readily, thus making accurate analysis difficult. 

Cinnamic Acid.—Sulphuryl chloride (43 mols.) was run on to 
cinnamic acid (1 mol.); the acid dissolved, but no reaction was 
observed. After six weeks, the excess of sulphuryl chloride was 
removed and the residue poured into water. The solid thus 
obtained, after purification, melted at 167—168° and was sparingly 
soluble in carbon tetrachloride or carbon disulphide (Found : 
(l= 32°17. Cale. for C,H,0,Cl,, Cl = 32°42 per cent.). 

The product, hydrolysed with sodium hydroxide solution, yielded 
an oil, b. p. 83°/18 mm., having the characteristic hyacinth odour 
of w-chlorostyrene (Found: C = 68°65; H=512. Cale, C= 
6931; H = 5°05 per cent.). 

From the aqueous alkaline solution remaining after hydrolysis, 
a-chlorocinnamic acid, m. p. 139°, characterised by its extraordin- 
arily high solubility in many organic solvents, was isolated. This 
acid is evidently «-chlorocinnamic acid (compare Sudborough 
and James, T., 1906, 89, 105) (Found: C = 59°16; H = 3°94. 
Cale., C = 59°17; H = 3°83 per cent.). 

The product of the reaction between sulphuryl chloride and 
cinnamic acid is therefore «$-dichloro-8-phenylpropicnic acid. 

Anthranilic Acid.—Saturated acids are, in general, not acted on 
by sulphuryl chloride, but the highly basic nature of anthranilic 
acid causes it to react readily. 

Sulphuryl chloride (4 mols.) was distilled on to anthranilic acid 
(1 mol.). Action commenced immediately and a white solid 
sublimed. After a short period, the excess of sulphuryl chloride 
was distilled off, a light bluish-green, insoluble solid remaining. 
This solid, which was almost completely soluble in sodium hydroxide 
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solution and was reprecipitated therefrom by acids, crystallised 
from benzene in needles, m. p. 223° (Found : C = 41:23; H = 2:54. 
Cl = 33°78. NH,°C,H,Cl,-CO,H requires C = 40°77; H = 2:42. 
Cl = 34°46 per cent.). The substance was converted by recrystallis. 
ation from glacial acetic acid into a solid, m. p. 278°, which wag 
probably the acetylamino-derivative. 

The dichloroamino-acid boiled at about 260°, prolonged boiling 
causing the boiling point to decline to about 247°, with evolution 
of carbon dioxide and formation of 2 : 4-dichloroaniline (compare 
Dorsch, J. pr. Chem., 1886, [ii], 33, 52; Franke, ibid., 1891, [ii), 
44, 432). A substance obtained in small quantity from the 
original reaction mixture had an olive-green colour, melted at 
277°, was insoluble in acids and alkalis and in most organic solvents, 
and left no ash on ignition. The amount of the substance was too 
small to allow it to be identified. 

The main product of the reaction between sulphuryl chloride 
and anthranilic acid is therefore 3 : 5-dichloro-2-aminobenzoic acid. 

Since this work was completed, Eller and Klemm (Ber., 1923, 
55, [B], 2177) have obtained first 5-chloro-2-aminobenzoic acid and 
finally 3 : 5-dichloro-2-aminobenzoic acid by. acting on anthranilic 
acid with sulphury] chloride in ethereal solution. 

Anethole-—Sulphuryl chloride (6 mols.) was distilled very slowly 
on to anethole (1 mol.), a very vigorous reaction taking place. 
After forty-eight hours, the excess of sulphury] chloride was removed 
and the residue distilled under diminished pressure. By repeated 
fractional distillation, a large yield of colourless, nearly odourless, 
crystalline solid was obtained, m. p. 70°5°, b. p. 191°/17 
mm. (Found: C= 41°97, 41°50; H = 3°65, 3°38; Cl = 50:1. 
Cj 9H, OC], requires C = 41°66; H = 3°47; Cl = 49°3 per cent.). 

The substance on boiling with alcoholic silver nitrate solution 
loses one atom of chlorine (Found: loss = 12°45. Calc., loss = 
12°32 per cent.). 

Boiling with N-alcoholic sodium hydroxide yields a substance, 
b. p. 164°/20 mm., m. p. 36°, having a very faint odour resembling 
that of amyl salicylate (Found : C = 47°62; H = 3°58. C,9H,OCI, 
requires C = 47°72; H = 3°57 per cent.). 

It does not seem possible that this substance can be the trichloro- 
derivative described by Darzens (Compt. rend., 1897, 124, 564), 
although the melting points are similar. 

The constitutions of these two substances have not yet been 
satisfactorily established. 

Methylchavicole—Sulphury] chloride (4 mols.) was distilled on 
to methylchavicole (1 mol.), reaction immediately ensuing. After 
fractional distillation, a liquid was obtained which boiled at 199°/13 
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um., but would not solidify even at — 15° (Found: C = 41°66; 
H= 3°47; Cl = 49°57. Cy 9H, Cl, requires C = 41°53; H = 3°56; 
(1 = 49°30 per cent.). This tetrachloro-derivative is different from 
that obtained in a similar manner from anethole and has not yet 
been identified. 


Tue Dyson PERRINS LABORATORY, 
OxFORD. [Received, April 28th, 1923.] 


(LX VII.—Investigations of the Chromates of Thorium 
and the Rare Earths. Part I. The System 
Thorium Oxide-—Chromic Anhydride—Water at 25°. 


By Hupert Tuomas STANLEY BRITTON. 


PatMER (Amer. Chem. J., 1895, 17, 374) was the first to prepare 
thorium chromate trihydrate. He obtained it by the action of 
chromic acid on thorium hydroxide and also by the action of a 
solution of potassium dichromate on one of thorium nitrate. Using 
potassium chromate, however, he found that the precipitate 
obtained gradually changed into the crystalline thorium chromate. 
The only analysis given of such a precipitate was of one which 
had been obtained by the interaction of potassium chromate and 
thorium nitrate in the molar proportion of 3:1. This precipitate 
was dense yellow and when dried at 100° corresponded with the 
formula Th(OH),CrO,. The production of this substance led him 
to believe that it was the intermediate stage in the formation of 
the hydrated thorium chromate. Haber (Sitzwngsber. K. Akad. 
Wiss. Wien, 1897, [iib], 106, 690; Monatsh., 1897, 18, 687) also 
prepared thorium chromate by using similar methods. He does 
not seem to have investigated the precipitates formed by the action 
of neutral alkali chromates on solutions of thorium salts, other 
than to remark that the precipitates thus obtained were not 
crystalline. The thorium chromate, when examined microscopic- 
ally, was found to be in the form of rhombic leaflets. These 
crystals were insoluble in water, but were soluble in moderately 
concentrated mineral acids. Moreover, he directed attention to 
the fact that the salts precipitated from solutions of thorium and 
zirconium salts by means of solutions of either chromic acid or 
alkali dichromates were characteristic, as these reagents produced 
no precipitates from solutions of the cerium and gadolinium earths. 
Later, Muthmann and Baur (Ber., 1900, 33, 2028) found that 
potassium chromate provided an excellent reagent for the purification 


of commercial thorium nitrate. If a solution of potassium chromate 
3 0* 
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is dropped carefully into a boiling solution of thorium nitrate, 
first thorium will be precipitated completely as chromate and 
afterwards some rare earths begin to appear, indicated by a change 
in colour of the precipitate. This was the principle of Baur’s 
process (D.R.-P. 120012, 1900). 

The relative insolubility of thorium chromate renders it quite a 
useful compound. The product obtained from the acid solution 
is finely crystalline and therefore can be easily washed. On the 
other hand, the precipitate generally obtained by the addition of 
potassium chromate to solutions of thorium salts is of an extremely 
variable nature, dependent on both the concentrations and tem- 
perature employed. Sometimes it is flocculent and difficult to 
filter and sometimes granular and easily washed and filtered. These 
precipitates are basic and appear to have no fixed composition. 
Under certain conditions, however, it is possible to obtain the 
normal thorium chromate (vide infra). Whereas the precipitation 
of thorium as basic chromate is complete when sufficient potassium 
chromate has been added, that of the trihydrate by means of 
potassium dichromate or chromic acid solution is incomplete and 
has been found to depend on the acidity of the solutions. Con- 
sideration of the solubility product led to the belief that the 
precipitation of crystalline thorium chromate would be enhanced 
by increasing the concentration of the chromate-ion. This was 
found to be true in the case of aqueous solutions of thorium chromate 
to which potassium chromate had been added. When, however, 
dichromate or free chromic acid was added, the relatively insoluble 
thorium chromate became remarkably soluble, especially in the 
more concentrated solutions of chromic acid. The isotherm at 25° 
of the system in question was therefore investigated and the 
explanation of this behaviour was found in the formation of an 
acid thorium chromate, the composition of which was arrived at 
by extrapolation by the residue method of Schreinemakers from 
the phase diagram and agreed with the formula 

Th(CrO,).,Cr0,,3H,O 


iy, Au,/. On referring to the phase diagram, it will 


or Th<¢y, : 
be observed that this new compound is decomposed by water. 
The first formula is obviously the correct one, for the compound 
can exist only in equilibrium with highly concentrated chromic 
acid solutions and is consequently an acid salt. No attempt was 
made to isolate the salt from the mother-liquor. 

Because of the slight solubility of thorium chromate, the following 
work falls into two sections : (1) the solubility of thorium chromate in 
solutions of chromic acid, and (2) a consideration of the substances 
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obtained from the interaction of thorium hydroxide and chromic 
acid when in the respective molar proportion not greater than 
2:1, that is, the formation of basic salts, if any. 


EXPERIMENTAL. 


Preparation of Materials—For the first part of the work, it was 
considered better to use as starting material crystalline thorium 
chromate, instead of thorium hydroxide, since this generally retains 
adsorbed substances which are extremely difficult to extract. 
Thorium chromate was crystallised from a boiling solution of 
thorium nitrate which contained a small excess of either potassium 
dichromate or chromic acid. High concentrations of the latter 
reagents gave negligible yields. 

The chromic anhydride used was of the “ A.R.” standard, and 
was free from sulphuric acid and other acids as indicated by the 
ordinary tests. 

Methods of Analysis.—The chromic acid was estimated by titrat- 
ing the iodine liberated when excess of potassium iodide had been 
added in the presence of moderately concentrated hydrochloric 
acid. 

The thoria was estimated by precipitation as oxalate. As was 
shown by Hauser and Wirth (Z. angew. Chem., 1909, 22, 484; 
Z. anorg. Chem., 1912, 78, 75), the solubility of thorium oxalate 
in dilute mineral acids, oxalic acid, and ammonium oxalate solutions 
may give rise to appreciable errors in the estimation of thoria. 
Hence before investigating the oxalate method, the precipitation 
by means of ammonium hydroxide was examined. After one pre- 
cipitation, the precipitate was yellow and contained much chromate. 
Even after the precipitate had been dissolved in dilute nitric acid 
and reprecipitated with ammonia and this process repeated six 
times, the final precipitate was far from being free of chromate. 
When dried and analysed, it was found to contain thoria and 
chromic anhydride in the molar ratio of 1:0°485 and also 
contained some ammonia and nitrate. Microscopic examination 
revealed that it was made up of amorphous particles and exceed- 
ingly small rhombic crystals. Hydrogen-ion measurements have 
shown that both thorium hydroxide and the basic chromate of 
thorium are precipitated at the same hydrion concentration. 
Consequently, in the presence of chromate thoria cannot be estimated 
by precipitation as hydroxide. 

The following method was found satisfactory. The precipitate 
is dissolved in the minimum amount of dilute hydrochloric acid, 
a small excess of saturated oxalic acid solution added in the cold, 


and the mixture boiled until effervescence ceases and the solution 
3c*2 
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has become green. The precipitate is collected immediately, 
washed, and ignited. The precipitation is quantitative, much of 
the oxalic acid having been utilised in effecting the reduction of 
the chromic acid and then holding the chromium in solution as a 
complex oxalate. In the case of liquid phases, no hydrochloric 
acid is, of course, necessary. By boiling, precipitation was found 
to be complete in a few minutes, and thus there is no reason for 
keeping over-night, as is often recommended. When precipitated 
in the cold, the thorium oxalate was free from foreign matter, but 
when precipitation was effected from boiling solutions there was 
a distinct tendency for the oxalate to be accompanied by some 
thorium chromate. The above method is very satisfactory, for 
much of the excess of oxalic acid which tends to render the pr. 
cipitation incomplete is destroyed. 


I. The Solubility of Thorium Chromate in Chromic Acid Solutions, 


Pure crystalline thorium chromate was added to warm solutions 
of chromic acid of different concentrations in quantities sufficient 
to saturate them. These solutions were placed in a thermostat, 
regulated at 25°, and were mechanically stirred for several days 
until equilibrium had been reached. The solubility of thorium 
chromate in water was obtained by stirring the crystals with water 
for a month. The univariant points were obtained by stirring 
liquid phases, the compositions of which were very nearly those 
of the required liquid phases, with their respective residues con- 
taining the acid chromate, and excess of the other appropriate 
solid phases. The analyses of the residues refer to those left in 
the bottles after the liquid phases had been poured off. It was 
not possible to separate more of the adhering mother-liquor by 
filtration through filter-paper on account of the chromic acid 
present. The following table contains the data obtained, which are 
represented graphically in Fig. 1. 

The branch AB of the system represents liquid phases in 
equilibrium with thorium chromate trihydrate as indicated by the 
point in which the tie-lines intersect. It will be seen that with 
increasing concentration the relative amounts of chromic acid 
required to keep the thoria in solution gradually become less 
until at B the liquid phase attains equilibrium with two solid 
phases—thorium chromate trihydrate and the acid chromate. 
It is perhaps worth mentioning that the curve AB (prolonged) 
and the ThO,-CrO, axis intersect at a point which approximately 
corresponds to the ratio of 1 mol. of ThO, to 3 mols. of CrO;, 
which happens to be the ratio in which the two oxides occur in the 
acid chromate. The section BC represents liquid phases in equilib- 
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TaBLeE I. 
Liquid phases. Residues. Solid phases. 
Percentages by weight. 
ThO,. CrO,. ThO,. CrQ,. 
0-044 0-033 51-00 38:60 Th(CrO,),,3H,O 
0-452 1-376 —— eri A ” ” 
2-09 4-58 3-83 5-80 ae a 
3-08 7-15 14-21 14-63 me * 
6-52 13-09 wf = 9 ” 
11-27 21-75 19-35 25-19 ms 7 
15-62 28-00 23-41 ' 29°97 Rs bs 
22-87 37-27 25-76 37-21 . es 
23-25 37°45 27-57 38-00 ve a 
, : . : f Th(CrO,),,3H,O and 
24-22 39-49 31-39 40:72 { Thicr0!)?CrG,,3H,0 
23-04 40-23 26-93 42-22 — Th(CrO,),,CrO,,3H,O 
21-59 41-56 26-26 43-94 . a 
17-08 44-20 27-71 45:91 és o 
7-91 52-60 24-68 50-78 = in 
7-52 56-79 19-64 54-12 ’” ” 
9-09 57-57 18-18 55-32 je 
17-65 61-38 19-60 6198 { ry, ileal 
6-27 61-84 3°73 77-85 CrO, 
0 62-87 — — » 
Fra. 1. 
ThO, 
. 
NR /) MM) 
\ 
UdaLiOe «' 
K) L BY S\ / 
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C70; H,0 


rium with the compound indicated by the point of intersection 
of the lines corresponding to the various liquid phases and their 
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respective residues. This point indicates the composition Tho, 
42°8, CrO, 48°7, and H,O 8:7 per cent., as compared with the 
calculated percentage composition of Th(CrO,),,CrO;,3H,O—ThO, 
42°76, CrO, 48°51, and H,O 8°73 per cent. Microscopic examination 
of the residue containing the acid chromate showed that the latter 
was made up of crystals which were square in section, which may 
have been either the basal section of cubic crystals or a section 
of tetragonal ones. As the line XA does not intersect the curve 
BC, the acid salt will be decomposed by water. C represents the 
liquid phase in equilibrium with the two solid phases—the acid 
chromate of thorium and chromic anhydride. The liquid phase 
represented by the point C was extraordinarily viscous and con. 
sequently difficult to manipulate. It was almost impossible to 
eliminate entirely from the liquid phase small suspensions of the 
solid phases. The values, which had become constant, taken for 
the liquid phase and its residue are those of analyses made after 
the phases, having first been stirred for a fortnight, had stood 
undisturbed for a month. 


Il. Basie Chromates. 


If thorium hydroxide is suspended in a dilute solution of chromic 
acid, it will be converted gradually into the normal chromate, 
the change occurring more rapidly on boiling. No basic salt of 
definite composition has been found. The compositicn varies, 
gradually approaching that of the normal chromate, but the con- 
version is complete only after long boiling. Thus substances 
which had become apparently crystalline, on analysis were found 
to be somewhat basic, for example, one sample corresponded to 
1 mol. of ThO,, 1°8 mols. of CrOg, and 3°6 mols. of H,O, evidently 
due to some hydroxide having been occluded by the crystals of 
the normal chromate. 

The action of potassium chromate solution on a solution of a 
thorium salt provides a convenient methed of studying the form- 
ation of the basic precipitates thereby produced. The precipitates 
are of variable composition and also the amounts of thorium pre- 
cipitated depend on the concentrations of the reactants. For 
example, on mixing 250 c.c. of thorium nitrate solution, containing 
2°5 millimols., and 100 c.c. of potassium chromate solution, con- 
taining 5 millimols., 59°3 per cent. of the thoria present was pre- 
cipitated, the precipitate containing thorium oxide and chromic 
anhydride in the respective molar proportion of 1 to 1°38. An 
excess of potassium chromate, however, produces almost complete 
precipitation of the thorium. . If the change in the hydrogen-ion 
concentration during the. precipitation of basic-thorium chromate 
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is followed when potassium chromate is added slowly to a solution 
of thorium nitrate, it will be observed that while those portions 
of potassium chromate are being added which are insufficient to 
cause permanent precipitation there will be a gradual diminution 
in the hydrion concentration, until the concentration is reached 
necessary for the formation of a precipitate. 

At this point, further addition of potassium chromate will pro- 
duce further precipitation, but during the greater part of this 
process the hydrogen-ion concentration will remain constant. It 
is important to note that the concentration required for the 
precipitation of the basic thorium chromate is also that required 
for the precipitation of thorium hydroxide from solutions of thorium 
salts of like concentration by means of alkali. (An account of 
the work on which these statements are based will be published 
later.) It therefore seems probable that the basic chromates of 
thorium are really mixtures of thorium hydroxide and thorium 
chromate. In other words, these basic chromates may be regarded 
as so-called adsorption compounds, or, taking into account the 
slight solubility of the normal thorium chromate, as having been 
produced by the simultaneous precipitation of both the hydroxide 
and the chromate. The basic chromate which Palmer claims to 
have isolated is a special case of such a mixture. 

In concluding, reference should be made to the behaviour of 
solutions of thorium salts to which potassium chromate has been 
added in quantities insufficient to give a permanent precipitate on 
account of the acid which is liberated by hydrolysis. On standing 
at room temperature, if the concentration is sufficiently great, 
crystals of thorium chromate trihydrate will be deposited slowly ; 
but deposition occurs almost immediately from the boiling solution. 


The author desires to take this opportunity of recording his 
thanks to the Chemical Society for a grant from the Research Fund. 
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Kinqa’s COLLEGE. (Received, April 30th, 1923.] 


CLXVIII.—The Propagation of Flame from a Spark in 
a Closed Tube through a Homogeneous Inflammable 


Mixture. 


By Outver CoLiGNy DE CHAMPFLEUR ELLIs. 


THE experiments described in this paper were begun with the 
object of studying the progress of flame through an inflammable 
mixture as it is propagated from a spark near to the closed end of 


14386 ELLIS: THE PROPAGATION OF FLAME FROM A SPARK IN A CLOSED 


a tube, the other—or “ distal ’—end of which is open. For most 
purposes, however, this proved to be merely a special case of ignition 
in a tube closed at both ends; that is, a tube open at the distal 
end may be regarded, with respect to that end, as a closed tube of 
infinite length. To open or close the firing end, on the other hand, 
is to alter the mode of inflammation. 

The propagation of the flame in various horizontal glass cylinders 
was photographed on a vertically moving film, so that the recorded 
picture is compounded of the two motions. This is the méthode 
photographique of Mallard and Le Chatelier (Ann. Mines, 1883, 
[viii], 4, 312), perfected by Professor H. B. Dixon (Phil. Trans., 
1903, [A], 200, 343), to whom the author is profoundly indebted, 
not only for the use of his original apparatus, but also for 
innumerable facilities and invaluable suggestions. 

The present investigation has shown that the movement of the 
flame in any given mixture is dependent on the length and bore of 
the tube, the position of the spark-gap, the initial mechanical 
turbulence, the intensity of the spark, and the initial temperature 

nd pressure. 

When all these factors have been kept rigidly unvaried, no 
difficulty has been experienced in the repetition of results. When 
one factor is varied, the effect on the speed of the flame is similar, 
as a rule, in all sections of its path. (See, for example, Fig. 4.) 
The shorter the section used as the basis of calculation, the nearer 
can the tube be brought to the camera; the slower the section 
used, the greater is the “exposure” for any given film-speed. 
Accuracy in the measurement of the flame-speed is dependent on 
the use of such a film-speed as will draw out the photographic 
analysis to a maximum visible extension. These considerations 
point to the superiority of a few cm. of flame-path near the spark, 
as a basis of comparison of results. This gives the further advan- 
tage, that the photograph of the spark itself is generally extremely 
well defined and therefore is a convenient point from which to 
measure. 

In all the results where the flame-path considered is not expressly 
stated, calculations have been based on the average speed of the 
flame over the first 5 cm. 


I. The Firing Cylinder. 


i. The flame starts slowly from the spark with regularly increasing 
velocity. If we consider any given point in its path, the velocity 
at this point varies with the length of the “ arm ”’ of the tube, that 
is, with the distance of the spark from the closed end towards 
which the ignition is spreading. It increases as this distance 
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increases until a maximum rate is reached. After this, the velocity 
at our selected point is unaffected by further increases in the length 
of the arm of the tube; it is also unaffected by opening this 
closed end. 

The lower half of Table I shows that in the circumstances of the 
experiments, if the length of the arm of the tube be 67°3 em., the 
velocity of the flame is not modified, at any point within 2°5 em. of 
the spark-gap, by closing the open tube. At some point between 
25 cm. and 5 cm., however, the velocity begins to be markedly 
modified, the mean speed over Fic. 1 
5cem. being reduced from 4°71 to i fe) 
445 metres persecond. Thus for 7 
measurements based on 2°5 cm. of 
flame-path, there is a “minimum < 
distance ” from spark to closed 
end which is the equivalent of an ° 
open end. To base calculations i 
on 5 cm. of flame-path requires, 
ceteris paribus, a greater “ mini- 
mum distance ’’; but the “ mini- 
mum distance ”’ is also affected 
by other considerations : it is less 
the quicker the flame (Phot. 1.) 
and it is less the wider the tube 


(Table I). The tables demonstrate | | /) ’ 
that as the arms of the tubes to S Yy 34-5 om. 
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the right of the spark were 
diminished, the speed of the. 
flame-front travelling in that 
direction. was decreased. The 
results lie on a smooth curve. The ° 
arm of the tube to the left of the ij ge 
spark-gap was of constant length. PR, Oe 

In another series of experiments, the progress of the flame-front 
was traced from the film on to graph-paper. The trace of the 
flame on the film being a distance-speed curve with the spark at 
the origin, a number of these traces brought to a common origin 
yield the interesting comparison presented here as Fig. 1. The 
affixed numbers show the length in cm. of the progressively shortened 
arm of the tube along which the flame was travelling from the 
spark. Considerable assistance was received in these experiments 
from Mr. S. R. Stubbs. 

ii. With central ignition, the propagation is symmetrical, diverging 
flame-fronts approaching opposite ends of the tube, each giving a 


>44-5 cm. 
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TABLE I, 
Length inem. Average speed in Length inem. Average speed in 
of pro- metres per sec. of pro- metres per sec. 
gressively gressively 
shortened Over first Over first shortened Over first’ Over first 
arm. 5 cm. 2-5 em. arm. 5 em. 2-5 em, 
Diameter of tube 20 mm. Diameter of tube 13 mm. 
Open 3°96 2-61 Open 4:71 3-12 
" 44-5 3°82 2-60 67:3 4:45 3-11 
34-5 3°51 2-38 41-2 4-38 3-07 
29-6 3°30 2-22 26-1 3-18 2-56 
24-6 3-05 2-10 21:3 Phase I does 2-25 
19-6 2°78 1-93 not cover 
14-8 2-31 1-77 5 em. 
9-9 Phase I does 1-53 11-4 Phase I 1:57 
not cover 6-5 does not 0-77 
tienes 3-8 covereven 0-48 
2-5 em. 


photographic analysis which is the mirror-image of that of the 
other. Asymmetry is obtained, however, even with central ignition, 
if the spark-gap does not mark an exact balance of volume as well 
as of length, or if there is any other circumstance making for 
asymmetrical resistance to the pressure caused by the progressive 
inflammation. Phot. 2 shows the result of central ignition in a 
tube (filled by a capillary at the middle) plugged—but not sealed— 
ateachend. The brass end-plugs were inserted to an equal distance, 
but one fitted slightly more tightly than the other, and this 
asymmetry is reflected in the slight asymmetry of the photographic 
analysis. The arms of the tube were not long enough to produce 
visible symmetry even over a very small range near the spark-gap. 

If ignition be not central, the flame-front approaching the nearer 
end will be slower than the other; and this is true of every point 
in the flame-path in reference to which the length of the arm of the 
tube is less than the “ minimum distance.” Phot. 3 shows no 
visible symmetry at all. This, as indicated above, is due to the 
fact that the shorter column of gas offers more resistance to the 
pressure caused by the combustion than does the longer one. 

iii. The resistance offered to one flame-front must tend to help 
the progress of the other. An increase in speed on this account 
has been actually measured where the latter flame was extremely 
slow and was travelling along a very short arm of the tube. In 
some of the experiments referred to in Table I, photographs were 
taken of the flame in the short arm of constant length. Table II 
(in which a is the length of the progressively shortened arm of the 
tube to the right of the spark, and b is the average speed of flame 
over the first 2°5 cm. in the uncut arm to the left) shows how, as 
the tube was cut down, this assistance came to a maximum and 
then diminished as the actual combustion in the progressively 
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2. 3. 4. 

1. The upper flame is from a break-flash igniting a ‘* theoretical”’ carbon 
disulphide—air mixture in a 20 mm. tube, 83 cm. long, with the spark 7-3 cm. 
from one end. Reference-marks at 5 and 10 cm. from the spark. The 
flame is arrested just within the field of the photograph. The wheel con- 
tinued to run while the tube was again filled with the mixture and fired again, 
but with a spark from a condenser of 0-000652 microfarad. ‘The flame is faster 
and shows no sign of arrest within the field of the photograph. 

2. The same mixture in a 20 mm. tube with central ignition by a break- 
flash, the length reduced to a total of 5 cm. by the plugs referred to in 
Section I, ii. 

3. The ‘ theoretical’? carbon disulphide—air mixture, fired at 2 atm., in 
a 13 mm. tube, 32-5 em. long; spark-gap 7-3 cm. from the end. 

4. The ‘‘ theoretical”? carbon disulphide—air mixture, fired in a 10 mm. 
tube, 32-5 em. long, the spark-gap 7-3 cm. from one end. 

[To face Trans., p. 1438.} 


6 7 (i). 7 (ii). 


5. A 6-5 per cent. ethylene—air mixture fired in a 13 mm. tube, 35-5 ¢ a. long, 
the spark-gap 10-3 cm. from one end. Initial pressure 15 atm. 
6. A 7-5 per cent. ethylene—air mixture in a similar tube fired at 7-7 atm., shows 
faintly the track of a flame cap. 
7. (i) Initial temperature atmospheric. 
(ii) Initial temperature approximately 96°. 
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shortened arm became very small. The results lie on a smooth 
curve. 


TABLE II. 


a Open 66-3 41:2 26-1 21-3 11:4 65 3-8 
bo 180 1-86 1:91 2:37 2:34 2-29 2-10 1-7 


m. 


0-2¢ 
1-40 metres per sec. 


3 

iv. Up to this point, we have considered merely the initial phase— 
that characterised by regular acceleration. In an air-tight, closed 
tube, however, this phase does not continue along the whole length 
of the arm of the tube. In his paper ‘‘ On the Movements of the 
Flame in the Explosion of Gases,” Dixon (loc. cit.) has shown that, 
in high-speed detonating mixtures, this phase commonly ends when 
a sound-wave, starting at the firing-point and reflected from the 
end of the tube, meets the advancing flame-front. The greater 
part of the present research, however, has been concerned with 
very slow mixtures, and Mason and Wheeler (T., 1920, 117, 38) 
have already demonstrated that slow mixtures exhibit the sequence 


‘Uniform movement,” 
Vibratory period of constant mean value, 
Vibratory period, mean speed decreasing, 


—when fired from the open end of a tube—in place of the sequence, 
described by Mallard and Le Chatelier, 


** Uniform movement,” 
Vibratory period, 
Detonation, 


which is exhibited by high-speed detonating mixtures. 
In our experiments, the flame-front enters upon a second phase, 
Phase II, of slow and almost perfectly constant speed (Phot. 3), 
which can be easily followed by the eye and lasts until the flame 
reaches the end of the tube. (If the distal end of the tube be 
open, this second phase will be characterised by slow oscillations 
and will, in this case, probably be identical with the final phase of 
the ‘‘ Uniform movement ”’ sequence. In large-bored tubes, Phase I 
merges into Phase II with a smooth bend in the photographic 
analysis. As the bore decreases, this bend becomes a sharp turn, 
and with the smallest bores, especially with end ignition, Phase II 
is ushered in by a few oscillations (Phot. 4). If the mixture be a 
, fairly fast one, oscillations will begin as soon as Phase I ends and 
will continue; but with no regularity of amplitude, until the flame- 
front reaches the end of the tube, each oscillation throwing back a 
pressure-wave through the burning zone. Of the inception of this 
second phase, it may be remarked : 
A. That it does not occur in the circumstances of Phot. 2, that 
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is (a) it is dependent on the pressure in the flame and beyond it, 
(b) it is not, in slow mixtures, impulsive. 

B. That it begins when the zone ignited during Phase I has 
passed its maximum luminosity, and almost simultaneously in both 
flame-fronts (Phot. 3). 

C. That the zone ignited during Phase I is contracted as Phase I] 
begins and proceeds (Phot. 5). 

D. That as Phase II continues, the flame-front grows brighter in 
front; behind, it extends toward the central zone (Phot. 3). 

E. That there is a comparatively dark zone between this flame 
and the central, contracting zone. This causes the latter to be 
frequently well-marked in the photographic analysis. 

F. That when mixtures are fired at high initial pressure and a 
subsequent spark is passed in this dark zone, the photographic 
analysis. shows the track of a luminous motion which begins at the 
spark and is nearly uniform in speed in its slow journey toward the 
central, contracting zone (Phot. 6). A similar phenomenon, which 
has been termed a “‘ flame-cap ”’ or “‘ aureole ”’ (Burgess and Wheeler, 
T., 1911, 99, 2013; 1914, 105, 2594), is known to occur when a 
current of a mixture below the dilution limit of inflammability 
passes over a source of ignition. 

G. Phase II begins nearer the spark-gap in circumstances 
associated with quicker cooling, namely, with a slower flame (Phot. 1) 
or in a smaller bored tube (Bone, Drugman, and Andrew, T., 1906, 
89, 1614). 

These points may all be explained by supposing—as seems 
reasonable, that the movement of flame in these slow mixtures is 
actually modified by mass movements of gas in the tube. The 
pressure of the unburnt column of gas must continue to increase 
with the pressure in the flame; when the flame-pressure begins to 
fall, the uncombined compressed gas will tend to push the flame 
backward. Is it not probable that Phase II begins at the moment 
when the outward surge of pressure, due to the ignition, is reversed 
by a backward stream ? 

v. In mixtures capable of detonation, the arrival of the flame at 
the end of the tube may be signalised by a very fast pressure-wave, 
registered on a slowly moving film as an almost horizontal line or 
band. In such mixtures, if one arm of the tube be long or open, 
the flame, in its initial phase, may be overtaken by a wave from 
the end of the tube behind it. The speed of the flame-front is 
then greatly increased. This is one of the principal reasons why 
the period between ignition and the setting up of the detonation 
wave has been found to vary with the distance of the spark-gap 
from the firing end (Dixon, loc. cit., p. 345). 
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‘yi. The various movements which have been described are all 
slower with wider bore of tube, where this is the only variable. It 
may be predicted that the period between ignition and the setting 
up of the detonation wave, when the charge is fired near a closed 
end, will be greater, within limits, the wider the bore. A typical 
bore-speed curve is shown in Fig. 2. It is that of the “ theoretical ” 
ethylene-air mixture. The points only are indicated. The curve 
drawn for reference, is that of the rectangular hyperbola 


(x — 6°58)(y — 8:1) = 1092. 
Between bores of 52 mm. and 15 mm., the results follow this curve 
very closely. Below 15 mm., the viscosity of the walls of the tube 
Fic. 2. 
75 a 


, 50 4 
\ | 


Millimcetres. 
bo 
ao 


10 20 30 40 
Metres per second. 


and the great increase in the “ cooling factor ” effect a slowness of 
increase in speed, in place of the immense increases required by the 
hyperbola. It is not impossible that an inflexion of the curve for 
some bore less than 5 mm. might be found: that is, one might 
arrive at a bore so small as almost, but not quite, to strangle the 
progress of the flame. The speeds were measured over the first 
5cem. from the spark. It was found that the “ minimum distance ”’ 
of tube-end from spark-gap, which would not affect the speed over 
the first 5 cm. of flame-path in the narrower tubes, was much 
greater than had been provided for, the set of tubes being all of 
the same length, and differing indeed in no particular save that of 
diameter. The curves first obtained thus showed an inflexion due 
to the confusion of two phenomena. This confusion was finally 
avoided by leaving the ends of the tubes open at the moment of 


firing. 


1442 ELLIS: THE PROPAGATION OF FLAME FROM A SPARK IN A CLOszp 


vii. In imitation of the experiments of Campbell (T., 1922, 121, 
2483), it was found that if the flame, either in its initial or in its 
second phase, be led through a normal junction into a wider tube, 
co-axial with the first, the speed of the flame will be temporarily 
retarded. 

II. Turbulence. 


The effect of turbulence has been investigated by Schleesing and 
Demondésir (Ann. Mines, 1883, [viii], 4, 298; also Ste.-Claire 
Deville’s ‘‘ Legon sur la dissociation,” p. 46), Hopkinson (Prog, 
Roy. Soc., 1906, [A], 77, 410; Rep. Brit. Assoc., 1912, 203), Clerk 
(Rep. Brit. Assoc., 1912, 201), and Wheeler (T., 1914, 205, 2595: 
1919, 115, 83; 1920, 117, 1227). It was hoped in the present 
work to gain some information as to the manner of the undoubted 
increase in speed and the apportionment of the increase between 
the two phases of the progress of the flame-front. 

The charges used were the “theoretical” air—mixtures of the 
fuels indicated in the table. The variation in type of spark, due to 
the inability of our break-flash to ignite the pentane mixture, 
produced this interesting result—that the increase in speed due to 
turbulence is greater, ceteris paribus, for a weak spark. This would 
be a fresh proof, if need were, of the mechanical effect of the spark 
(Coward, Cooper, and Jacobs, T., 1914, 105, 1069). This greater 
increase is naturally effected during Phase I, Phase II not showing 
as great an increase as for a spark of greater energy. 

In general, Phase I shows an increase in speed due to turbulence 
of about 10 per cent.; Phase II, a much greater increase. The 
exception is the acetylene mixture, which is the fastest of all and 
shows least change in speed, due to turbulence, over the whole 
path. This exception is in agreement with the statement of Wheeler 
(loc. cit.) “‘ that a mixture in which the speed of flame normally is 
slow should be more susceptible to the effects of turbulence than 
one in which the speed of flame normally is rapid.” 

The photographs obtained in this series of experiments indicated 
roughly to what extent the period of combustion was shortened by 
the turbulence, although the end of the luminous period is not 
recorded with any precision. 

It should perhaps be stated that the arrangement of the apparatus 
and the relative distances of the various parts were kept rigidly 
constant, having been measured and noted at the outset of the 
experiments. The results are set out in Table III. 


IL. The Spark. 


The effect of variable spark-intensity on the speed of the flame 
has been noted by Berthelot (Compt. rend., 1882, 95, 199), Parker 
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TaB_eE III. 


Time over Time over Total 

Ist icm. 2nd5cm. time Duration of 

(Roughly (Roughly over effective 
Fuel. Spark. Condition. Phase I.) Phase II.) 10cm. luminosity. 


Millisecs. 

(Hie Ordinary Quiescent 13-2 13-0 26-2 76°3 
compound Turbulent 11-4 7:8 19-2 56-3 
induction % decrease 13-8 40-0 26-9 26-2 
spark 

C,H, - Quiescent 7-63 8-72 16-35 No 

i Turbulent 6-35 6-17 12-52 record 
% decrease 16-7 29-8 23-4 

(,H, Condenser Quiescent 7-42 7-26 14-68 105-2 

"spark Turbulent 6-64 6-64 13-28 76-3 
% decrease 10-5 8-6 9-55 36-3 

CH, r Quiescent 17-2 21-15 38°35 74:2 
Turbulent 15-7 12-62 28-32 69-7 
% decrease 8-75 40-4 26-2 6 

CS, ” Quiescent 10-41 15-58 26-0 91-5 
Turbulent 9-62 8:55 18-27 78:8 
% decrease 7-7 45-3 30-2 13-9 

(8, Break- Quiescent 12-79 16-72 29-51 95-5 
flash Turbulent 10-92 10-50 21-42 73-2 

% decrease 14-4 37-2 27-4 22-3 


(T., 1915, 107, 337), and more particularly by Wheeler (T., 1917, 
111, 1056), who has illustrated it in some detail in experiments on 
ethane—air mixtures (T., 1911, 99, 2029). 

The two most convenient ways of effecting an increase in spark- 
energy were 

(a) to increase the capacity in the spark-circuit by connecting a 
variable condenser in parallel. 

(b) to increase the width of the spark-gap, using a wide-bored 
explosion-tube with lateral capillary arms, through which the 
platinum electrodes, soldered to copper wires, were introduced, the 
gap being measured on a strip of stiffened, calibrated graph-paper. 

(2) In the first series (Fig. 3), the use of a long narrow tube 
avoided unnecessary dissipation of the great mechanical energy of 
the spark (Coward, Cooper, and Jacobs, Joc. cit.). In these 
circumstances, however, it was only possible to measure the initial 
phase. 

The speed of the flame, measured over the first 4 cm. of its path, 
increased quickly with the capacity until the latter reached 0°000435 
microfarad (or 392 e.s.u.); it then increased very slowly and 
uniformly till, when the capacity reached 0:00217 microfarad, 
it appeared to be nearly constant. The luminosity, however, 
increased up to the maximum capacity, 0°00435 microfarad, of the 
plate condenser, which was specially made for this work by 
Mr. Nathaniel Walker, who also assisted in the experiments. 
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(6) In the second series, in which considerable assistance Was 
rendered by Mr. Henry Robinson and Mr. 8S. R. Stubbs, the 
unavoidably great width of tube was responsible for a smallness of 
increase in speed, our maximum increase being only 38°5 per cent. 
The spark was passed by momentarily “making” a mercury 
connexion in the primary circuit of an induction coil capable of a 
5-inch air-spark. The current was 


Fic. 3. 
- furnished by four 2°1-volt accumulator 


16 

S inseries. In order to avoid premature 
weak ignition from brush-discharges, 
the mixture used was the “‘ theoretical ” 
pentane-air mixture which, we found, 

™ could not be ignited by a “ make” 

68 ‘“c ” er: 

= or “break ’’-flash from our circuit. 


The trembler of the induction-coil was 
adjusted therefore to give the com. 
pound spark, containing a “ capacity 
component.” 

The results seem to show that the 
speed increases with the spark-gap 
almost rectilinearly up to a certain 
point which depends chiefly on the 
strength of the current in the primary 
circuit and the winding ratio of the 
induction coil. 

In the figures given (Table IV), the 
straight-line relation ends when the 
spark-gap is in the neighbourhood of 
20 mm., after which the increasing 
tenuity of the spark is probably re- 
sponsible for an inflexion in the curve. 

The slower flame-front was not 
difficult to measure. The faster one, 
of however, was often found to be travel- 
Cr nabs sie ¥ hol m" as ling obliquely, the photographic 

analysis showing a double edge. In 
such cases, the mean was taken. One photographic analysis showed 
a triple edge, registering apparently an oblique flame-front which 
was also cup-shaped. 


2349 


Capacity of condenser (e.8.u.). 
1566 


783 


IV. Temperature. 

Mallard and Le Chatelier (Ann. Mines, 1883, [viii], 4, 348) pre- 
dicted and proved that the influence of increased initial temperature 
was to increase the speed of propagation of the “ uniform move- 
ment” of flame through a mixture. There was every reason to 
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TaBLeE IV. 


C Was 
3, the Mean speed of Mean speed of Mean speed of Mean speed of 
ess of slower flame- faster flame- slower flame- faster flame- 
OB Width front over front over Width front over front over 
cent. of the first the first of the first the first 
reury spark- 5 cm. 5 cm. spark- 5 cm. 5 cm. 
gap Metres Metres gap Metres Metres 
> Of a inmm. per sec. per sec. in mm. per sec, per sec, 
was 1 3-13 4-30 20 3-55 5-57 
ato 3 3-20 4-45 28 3°65 5-82 
we 3-25 4-60 38-5 3-60 5-95 
ature 9 3-35 4-95 51 3-50 5-85 
3°47 5:25 


rges, 14 
ical” § suppose that the same would be true of this kind of propagation. 
und, § Woodbury, Lewis, and Canby (J. Soc. Automotive Engineers, 1921, 
uke” #8, 209), however, firing acetylene-air mixtures at the base of a 
cuit, § vertical cylinder, 4” x 12”, obtained results which “ indicated that 
was f increased temperature produced little effect upon the rate of flame 
om: §f propagation.” 
city § Now a quantitative study of the effect of variation of the initial 
temperature cannot usefully be carried out without a parallel 
the § determination of the extent to which pre-flame combustion, or 
gap § “baking,” has proceeded during the time during which the charge 
tain § has been subjected to the heating agency. 
the The present determination was purely qualitative. Various 
ary § heating arrangements were tried. The first gave results which 
the § indicated either that change of initial temperature produced no 
difference in speed, or that the loss of speed consequent on dilution 
the § due to baking balanced the gain in speed due to the rise in tem- 
the § perature. The second took so long to raise the mixture to the 
of § desired temperature that when the spark was passed the mixture 
ing § refused to ignite—-an informing comment on the first experiments. 
re- — The third method, suggested by Mr. Henry Robinson, heated the 
ve, § mixture so quickly and uniformly that it was possible to repeat 
ot § and corroborate the result. 
ne, In the case of the hot mixture, as will be seen by the comparative 
el- — photographs (7, i and ii), the initial phase is faster and the flame 
ic § less luminous. Moreover, the initial phase ends nearer the spark, 
In | thus providing a suggestive exception to the generalisation in Part I., 
ed § iv., G., that Phase II begins nearer the spark-gap with a slower 
ch fF flame. 


TABLE V. 
Time to travel 5 cm. Time occupied by 
from spark. Phase I. 
Gs Temperature. Milliseconds. Milliseconds. 
re 16-4° 13-17 18-02 
26 16-6 12-82 18-3 
86 approx. 10-27 13-57 


0 96 approx. 9-76 13-22 
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V. Pressure. 


Woodbury, Lewis, and Canby (loc. cit.) state that “The results 
obtained on various mixtures of acetylene and air, under initia] 
pressures of from one to four atmospheres, indicated that with 
each gas mixture, the rate of propagation increases with an increase 
in the initial pressure up to a critical density and that with any 
further increase in the pressure above that critical value, no increase 
in the rate of propagation is obtained.” 


Fie. 4. Fic. 5. 
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The results of the present investigation differ from these in 
important particulars. In all the many mixtures which have been 
subjected to experiment, the pressure for maximum speed has 
proved to be one atmosphere. Below this pressure, the speed has 
declined gradually to about half an atmosphere, and then quickly, 
but smoothly, to the limiting pressure. Above atmospheric pres- 
sure, the speed has decreased continuously with the increases of 
pressure. Mixtures have been fired at 15 atmospheres pressure 
(Phot. 5), one of the most surprising features of this work having 
been the very great initial pressure which glass tubes will stand 
without rupture. Numerous experiments have been carried out 
with an initial pressure of 9 atmospheres without injury to a tube 
of 21 mm. diameter; and on one occasion, with a weak spark—the 
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gndenser having been disconnected—a mixture was fired at 15 
atmospheres in a tube of 13 mm. diameter without breaking it. 
The decline in speed above 6 atmospheres is, however, very 
mall; the curve appears to approach an asymptote. Below this 
ressure, it seems to vary, in exact detail of shape, with the fuel 
content of the mixture. There is no sign of a critical pressure 
except the inflexion at one atmosphere, and a slow bend of the 
curve at a higher pressure which varies with fuel content. 
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Fig. 4 shows a typical curve for a 5 cm. flame-path, with the 
corresponding curve for 10 cm. of flame-path by its side. The 
tube was not injured in any way by these and other experiments 
with air-mixtures at these pressures. The thickness of the wall of 
the tube was 2°7 mm. 

Fig. 5 is a detailed study of the region near atmospheric pressure. 

Fig. 6 shows a series of ethylene—air mixtures in a tube made to 
the same measurements as that used for the experiments of Fig. 4. 
The slow bend in the curves, which has already been noted, seems 
to mark some kind of progression from limit-mixtures to the 
maximum-speed mixture. 


These are all ethylene curves; but the fuels used have includej 
methane, carbon disulphide, pentane, benzene, ethyl alcohol, hexane, 
ether, and acetylene. 

There is a marked parallelism between the temperature and 
pressure results of this investigation and those of Terres and Plem 
(Chem. Centr., 1915, ii, 1278) and Mason and Wheeler (T., 1918, 
113, 53) on the effect of variation of initial conditions on the dilution 
limits of inflammability. In both cases, the pressure results ar 
difficult to explain. It is possible that the results of the present 
work are accounted for by the facts which Mason and Wheeler 
tentatively advance as a possible explanation of theirs. They 
write: “‘ According to the kinetic theory, loss of heat from gases 
by conduction and radiation is independent of the pressure. When 
attempting to put this deduction from the kinetic theory to experi- 
mental proof, however, Kundt and Warburg (J. Physique, 1876, 5, 
118) found that unless the pressure of the gas was low, the loss of 
heat due to conduction was masked by that arising from convection 
currents. It may be, therefore, as Terres and Plenz have suggested, 
that the loss of heat from a gas at high pressure is due to a greater 
extent to convection than to conduction, and increases with the 
pressure.” 

In Section I, iv, F', of this paper, a phenomenon was noted which 
would imply that when a mixture is fired under great initial pressure, 
a mass of gas through which the flame has already passed becomes 
reignited, to a small extent, by a subsequent spark. This supposed 
flame-cap (Phot. 6), which appears to travel in a gentle current 
toward the middle of the tube, has been noted when the initial 
pressure was respectively 3°9, 5:1, 5°35, 6°25, 6°8, 7:0, and 77 
atmospheres, but never when the initial pressure was atmospheric. 
Is it possible that, under pressure, these flame-caps are formed 
when the proportion of fuel is very low? In this case, that is, if 
increase of pressure actually extends the lower limit of the range in 
which flame-caps can be formed, such an extension ‘is in strange 
contrast to the constriction of the limits of inflammability, where 
we find the lower limit raised. At the same time, it cannot be 
argued that increased pressure should tend in every respect to 
inhibit combustion, for Mason and Wheeler (Joc. cit.) find, for instance, 
that it renders a mixture more easily ignitible by a weak spark. 

The alternative conclusion (implicit in the theory of Frankland 
[Phil. Trans., 1861, 1541, 653. Experimental Researches, p. 901], 
that the completest combustion takes place in partial vacua) would 
be that the proportion of gas left unburnt on the supposed local 
extinction of the flame is so great, under high pressures, as to be 
only just below the dilution-limit of inflammability. 
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Neither alternative appears to be immediately susceptible of 
absolute proof or disproof. This applies also to the hypothesis of 
the formation of molecular aggregates at higher pressures, a theory 
by which Barss (Amer. J. Sci., 1912, [iv], 34, 229) explained certain 
phenomena due to change of pressure in his researches on ionisation 
by collision. This convenient theory would certainly account for 


i. the slower spread of the flame through the mixture ; 

ii, the fact that in some very rich mixtures, luminosity actually 
decreases with increase of pressure ; 

iii. the inefficient combustion effected during the first spread of 
the flame. 


That the maximum-speed pressure should be one atmosphere is 
also a somewhat surprising result, the explosion system being nearly 
isolated from all gains and losses of heat except those due to 
radiation. The differences in this region are, of course, very near 
the experimental error. In order to get greater variation, a bigger 
tube was used, and a greater speed of film-wheel. This change of 
tube contributed two advantages: a slower flame and a greater 
luminosity. The slowness was further exaggerated by moving the 
position of the spark-gap to a point nearer the distal end. 

In a tube 32°5 cm. long, of diameter 53 mm., the spark gap 
being 7°5 cm. from the end, a 5 per cent. mixture of ethylene—air 
gave—referring to 5 cm. of flame-path—photographic extensions 
measuring 76 mm. and 73°5 mm., respectively, for pressures of 
1 atmosphere and 0°812 atmosphere. This difference of 2°5 mm., 
which would have been slightly greater had the film been travelling 
exactly the same rate in each case, is well outside experimental 
eror. Thes were 


BMA, ervenceviavectncepsedqoness 5°94 metres per sec. 
DEED neg beeenbecncsieowndpneennseee 563 _—C,, a. ~~ 


Unfortunately, this tube was broken. With a similar tube of 
43 mm. bore, the film-rate in the two experiments being the same, 
the results for pressures of 1-0 and 1:2 atmospheres, respectively, 
were photographic extensions of 54°5 mm. and 58°3 mm., or speeds 
of 7°23 and 6°77 metres per sec. The maximum for this mixture 
evidently lies between 0°8 and 1:2 atmospheres. 

For the brighter 6-5 per cent. ethylene—air mixture, the maximum 
range was narrowed down to 0°9—1‘1 atmospheres. The photo- 
graphic extensions varied from 44 to 46°2 mm. The speeds were 


09 atm...:......... 8:79 m.p.s. 1] atm............. 8°76 m.p.s. 
BD jy) vestevertose 8:95. ,, 1D. 55 endecveceves 838, 
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Under similar conditions, the 6°53 per cent. carbon disulphide-ai; 
mixture gave 

09 atm., 5°12 m.p.s.; 10 atm., 5°32 m.p.s.; 1:1 atm., 5:11 mpg, 

Assistance in this work from Messrs. Henry Robinson, §. R, 
Stubbs, and F. W. Higgins is thankfully acknowledged. 


EXPERIMENTAL. 


Mixtures involving the use of liquid fuels were made by bubbling 
the measured dry gases composing the “ atmosphere ” through the 
liquid, which had been run into a small wash-bottle from a fine 
calibrated burette. More recently, the liquid has been measured 
gravimetrically and the volume of the “‘ atmosphere ” gases adjusted 
in exact proportion. 

The long delivery tube of the glass “ carburettor ”’ ended in a 
glass 3-way tap, which on one side led upward through a cylindrical 
joint of litharge-and-glycerine cement to a flexible, asbestos-lined 
bronze tube. This led to one of a pair of mercury gas-holders, 
which were connected together by a similar tube. The mixtur 
was quickly brought to homogeneity by passing it backward and 
forward between the two gas-holders. From the gas-holders, the 
first-mentioned bronze tube led the mixture back, via the three-way 
tap also mentioned, to a compact range of three glass 3-way taps. 
The first of these was a connexion through yet another flexible 
tube and union-joint to a brass tap and sheath with adjuster collars, 
which was used to carry explosion-tubes when it was necessary to 
use long or open tubes, or to have them very near the camera. 
The second of the 3-way taps connected the apparatus with the 
manometer and pump; this connexion was provided with a side- 
tube which permitted suction to be used for raising the mercury 
level in the right drum. The third 3-way tap was an emergency 
connexion with a Buchner filter-flask, for the evacuation of mercury 
from the apparatus in case of any flooding due to leaks. 

The end of the range of taps was fused to a glass tube which was 
cemented into an iron three-way, so that the gas-mixture could be 
passed either through a needle-valve into the explosion-tube, held 
in the clamped frame, or down into a 5}-litre steel drum, connected 
at the base with an auxiliary drum, the latter communicating at 
the top with a safety-valve and a cylinder of compressed air. These 
drums were only used in the experiments on high pressure. In 
this work, the explosion-tube was, as usual, filled by evacuation to 
2 cm. pressure, followed by filling and flushing with a large amount 
of mixture; but it was more convenient to fill the left drum with 
the mixture by first filling it with mercury, and then—the rest of 
the system meanwhile having been filled with mixture and opened 


‘ bd 


TUBE THROUGH A HOMOGENEOUS INFLAMMABLE MIXTURE. 146] 


to the drum—to run the mercury out through a tap at the bottom, 
or transfer it by suction into the auxiliary drum. Mixture from 
the gasholder thus followed the mercury level, and the end of this 
operation left both the explosion-tube and the left drum full of the 
mixture. The drums were now shut off from all the rest of the 
system except the explosion-tube and the gauge carried by the iron 
three-way, and the compressed air was turned on until the desired 

ressure was registered on the gauge. The explosion-tube was 
then shut off from the rest of the apparatus, and fired. The frame 
holding the firing-tube consisted of two horizontal guides and two 
fat vertical end-pieces, fitted with needle-valves. The rose-jet 
introducing the mixture was shaped at the centre to receive the 
end of a rotating spindle (in the experiments on turbulence) or a 
thermometer (in those on temperature). The ground edges of the 
tube were protected by rubber washers; and the wing-nuts on the 
threaded ends of the horizontal guides were tightened until the 
system supported a vacuum. When a tube of only small diameter 
was used in conjunction with the frame, the outer end was held in 
position by a brass end-plug, the annulus of which provided a seat 
for the rubber washer. It was supported by a small bayonet, 
working on a stout spring at the centre of a brass casting which 
moved on the horizontal guides at their free ends, and was secured 
by the wing-nuts on their threads. For experiments at very high 
pressures, the end-plug was covered by a small length of brass 
tubing, so that the end of the glass tube abutted on the rubber 
base of a hollow brass annular prism. 

In the turbulence experiments, a glass chimney, half the length 
of the cylinder, was supported coaxially within it by three pieces of 
asbestos rope. The spindle, lying in the axis of the tube, carried 
vanes which were rotated inside the chimney by a straight drive 
which communicated the speed of a motor through an air-tight 
gland. A V-shaped pair of electrodes provided a spark-gap which 
“cleared” the spindle. On one side of this central firing-point, 
the tube was quite clear save for the spindle; and it is the flame- 
front in this half of the tube that was studied. The vanes were 
rotated so that any mere current effect would diminish the speed 
of the flame. 

In the temperature experiments, the thermometer lay in the axis 
of the tube, which was surrounded by a canister with highly polished 
interior. Outside, the canister had been carefully covered by pieces 
of asbestos board. Inside, and on the base of the canister, was an 
electric resistance heater. The tube was evacuated to 2 cm. 
pressure; and when a suitable temperature was indicated by the 
thermometer, read through a glass window in the canister, it was 
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filled and then flushed with the charge-mixture. The filling wa 
carried out in stages, to guard against the effects of a spontaneoy 
ignition. 

After a measured interval, the thermometer was read again, anj 


the ignition of the mixture was then photographed through another 
window in the canister. 
Other experimental details may be summarised as follows : 
Constant 
eels distance of 
n, spark-ga 
Refer- 4 from en Bore of 
ence. tube. (cm.). Type of spark. tube. Mixture, 
Table I Shown 12-6 Condenser Shown CS, + 30, 
Cap. 0-000435 mf. + 17N, 
Fig. 1 ™ 7-1 = 20 mm, ‘e 
Table ITI as 12-6 Ze 13 mm, a 
Fig. 2 32-5 cm. 7-3 Cap. 0:000652 mf. Shown Ethylene + 
theo, air 
Table III 33-5 cm, 16-75 Shown 51 mm, Shown 
(Central) 
Fig. 3 83-0 cm. 6-1 ” 13 mm, ae 
+ 7N, 
Table IV 32-5cm. 10-0 Described 52 mm, Pentane a 
theo. air 
Table V 32-5cm. 7:3 Break-flash 52mm. CS, + theo, 
air 
Fig. 4 35-5 cm. 2-9 Condenser 21 mm, Shown 
Cap. 0-00435 mf. 
Fig. 5 35-5 cm. 0 PR 27-5mm.,. a 
Fig. 6 35-5 cm. 2-9 ” 21 mm. »” 


The spark-gap was uniformly 1 mm., except in the experiments referred 
to in Table IV. 


The author is indebted to Mr. J. Bamber of the Engineering 
Department for many most valuable suggestions in the construction 
of the heavier apparatus, which was made by him. 
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CLXIX.—Promotion of Catalytic Reactions. Part I. 
By Samuret MEpDsFoRTH. 
A. The Action of Hydrogen upon the Oxides of Carbon. 


In the course of experimentation on the oxidation of methane, 
it became necessary to prepare large quantities of this gas, and 
for this purpose various methods of preparation were studied, 
including the well-known Sabatier reactions : 


CO + 3H, = CH, + H,0 
CO, + 4H, = CH, + 2H,0. 


n, and 
nother 


MEDSFORTH : PROMOTION OF CATALYTIC REACTIONS. PART I. 1453 


The quantities of the reacting gases in the case of carbon mon- 
oxide were those used in the Cedford process for the production of 
methane (J. Gasbeleucht., 1911, 54, 737), that is, one part of , 
carbon monoxide to five parts of hydrogen. The catalyst was 
nickel prepared in situ by the reduction of the oxide from nickel 
nitrate deposited on pumice. 

In considering the above equations, it will be observed that 
water is one of the end-products, and it was thought that the 
presence of a catalytic dehydrating agent in contact with the 
nickel catalyst would materially increase the velocity of the 
reaction. The results of preliminary experiments were sufficiently 
interesting to warrant further investigation. 

The effectiveness of promoters in catalytic reactions is now a 


B well-established fact; the Badische Company state that the oxides 


of thorium, glucinum, and zirconium are capable of functioning 
as promoters in the methane synthesis (D.R.-P. 2306, 1914). 

Pease and Taylor (J. Physical Chem., 1920, 24, 241) define 
promoter action as including “all those cases in which a mixture 
of two or more substances is capable of producing a greater 
catalytic effect than can be accounted for on the supposition that 
each substance in the mixture acts independently and in proportion 
to the amount present.”” The maximum accelerative effect will be 
obtained when the number of points of contact of the promoter 
and catalyst exposed to the reacting substance or substances is 
at a maximum. On this view, therefore, it should be possible to 
determine the optimum catalytic effect on the velocity of a reaction 
by means of a series of experiments in which the proportion of 
promoter to the same quantity of catalyst is varied. This optimum 
concentration will differ with each substance and with the method 
of preparation. It is difficult, if not impossible, to secure uniformity 
of deposition of the catalyst and promoter on the surface of the 
carrier, and therefore too concordant results were not be expected, 
It was found that in addition to the surface effects, the temperature 
at which the catalytic effect was at a maximum differed with the 
substance used, having regard of course to the production of 
uhdesirable by-products. The results shown in this paper are in 
the majority of cases the mean of a number of determinations. 

Table I shows in column I the maximum catalytic effect pro- 
duced by the use of the substances enumerated on the formation 
of methane from a mixture of carbon monoxide and hydrogen 
(CO:H, = 1:5 by volume), and in column II the maximum 
catalytic effect on the synthesis of methane from carbon dioxide 
and hydrogen (CO,: H, = 1:6 by volume). The figures refer in 
every case to the optimum concentration of promoter added to 
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the nickel, the quantity of which was kept constant throughout 
the experiments. The effect produced by nickel alone is taken ag 
unity. The details of these experiments will be found in a later 
part of the paper. Columns III and IV show the increase in effect 


produced, taking that due to the promoter thoria as 100. 
TABLE [. 
Rideal and Taylor, 
Increase in Dehydrating 
Name. Maximum efiect. catalytic effect. properties, 
I II III IV 

(CO,H,). (CO,,H,). (CO,H,). (CO,,H,). V. Val 
Cerium oxide......... 17-7 Notdet. 103-6 
po 17-1 12-8 100-0 100-0 100 D 
CRE gg cvcvccess 16-6 12-65 96:9 98-0 45-0 M 
Chromium ,, ......... 15-7 11-40 91-4 88-2 91-0 M 
Alawainium ,,. 0.0060 14-3 10-45 82-6 80-1 98-5 D 
BE Lescecnscuseseeiee 12-3 70-2 84-0 M 
ere 8-9 49-1 45-0 M 
Molybdenum oxide 6-3 2-2 32-9 10-1 23-0 M 
Vanadium _ 4-0 1-35 18-6 3-0 9-0 M 
Tin - No acceleration 0 0 0 
Magnesium is ‘is 0 0 0 H 
BI ccssconaccassiee i 0 0 0 H 
EE ee * 0 0 0 H 
DOOR csccccvscoccccsece 1-0 1-0 


D = dehydrating agent; M = mixed dehydrating and dehydrogenating 
agent; H = hydrogenating agent only. 

It was stated at the outset that the experiments were undertaken 
to discover the effect of the addition of a dehydrating agent to the 
catalyst on the velocity of the reactions given above. It is difficult 
to find a basis of comparison between the substances tested and 
the well-known catalytic dehydrating agents of a suitable type, 
for obviously the action of the latter will vary with each reaction 
investigated. Rideal and Taylor (“Catalysis in Theory and 
Practice,” p. 288) give a list of oxides arranged in order of their 
dehydrating action on ethyl alcohol at 340—350°, counting the 
effect due to thoria as 100, and this table (column V) has been used 
for a first comparison. It will be seen from the table that with 
the striking exception of glucinum oxide there is a very fair measure 
of agreement between columns III and IV on the one hand and 
column V on the other, at all events in the general order of the 
oxides and metals. It can be stated therefore that the velocity 
of the reactions investigated can be increased by the addition of 
a small quantity of a suitable dehydrating agent to the nickel. 


Theoretical Discussion on the Action of Promoters in the Methane 
Synthesis. 


The study of promoters has received comparatively little attention 
and only a few suggestions are to be found on the possible mechanism 


ane 
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ism 
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of their action. Catalysis itself has been regarded as a purely 
physical phenomenon, or as a purely chemical one, or as a com- 
bination of both. Surface conditions and surface action are of 
primary importance in catalytic work, but it was realised that 
considerations of physical phenomena (such as adsorption) alone 
would scarcely be sufficient to explain the precise mechanism of the 
reactions studied. It is not proposed therefore to discuss in this 
paper the physical aspects of the subject, but to indicate the prob- 
able nature of the chemical action of the various substances used 
as promoters. 

(a) Carbon Monoxide and Hydrogen.—The formation of methane 
by the passage of a mixture of carbon monoxide and hydrogen 
over nickel may be explained in two ways : 

1. The oxygen of the monoxide is considered to be quadrivalent 
and there is formed an unstable intermediate compound by the 
union of three molecules of hydrogen with one molecule of the 
monoxide, probably in combination with the catalyst (compare 
Sabatier and Senderens, Ann. Chim. Phys., 1905, [viii], 4, 467). 
The course of the reaction may be represented simply as follows : 
Ni+ CO + 3H, —> mf ut > Nit Cy + H,0. 

2. An intermediate compound of the methyl alcohol type is 
formed (probably via formaldehyde), which is dehydrated to give 
the residue ‘CH, and water, the former being immediately hydro- 
genated to methane (compare Bone and Davies, T., 1914, 105, 1694) : 

CO + 2H, —> H,C-HOH — > °:CH, — CH,. 

In both cases, the nickel is considered to be acting as a hydro- 
genating catalyst and as a dehydrating agent, and its power of 
functioning as the latter is known to be small. Consequently, 
the rate of formation of methane will be comparatively low. The 
presence, therefore, of a suitable dehydrating agent, even in minute 
quantity, at the surface of the nickel will increase the velocity of 
the dehydration and by so doing will leave the catalyst free to do 
the work of hydrogenation at an enhanced rate. In other words; 
the function of a promoter is to relieve the catalyst of part of its 
work, in fact to take over work which it can do better than the 
catalyst itself. 

With nickel and a promoter, P, present, the reaction according 
to the first suggested mechanism may be represented as follows : 

Ni+co+3H, > _ ™ P an — ni+cH,+H,0+P. 

H,C-OH, 
_ * This formula represents the “‘ complex” supposed to be formed after the 
intramolecular change has taken place. 


3D 2 
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According to this scheme, a double “complex” formation js 
assumed in which the promoter P combines loosely with the inter. 
mediate compound, formed by the union of the reacting gases 
with the catalyst. The nature of the promoter, that is, its 
dehydrating properties, indicate that it is attached to the remainder 
of the double “complex” as shown in II, that is, through the 
HOH group. 

On this hypothesis, the activity of substances such as ceria, 
thoria, etc., and the inertness of others, for example, copper, silver, 
may be explained. The promoting power of a substance as far as 
these reactions are concerned becomes a function of its catalytic 
dehydrating effect on the intermediate compound supposed to be 
formed. Further, since the instability of the intermediate com. 
pound ensures rapid dehydration, a very high maximum catalytic 
effect is obtainable by the introduction of a powerful dehydrating 
agent, and Table I shows the extraordinary increase produced by 
such substances. 

Now, in addition to the formation of methane another operation 
appears to take place when a mixture of carbon monoxide and 
hydrogen is passed over nickel. It has been shown by the author 
that if a mixture of one part of methyl alcohol and three of hydrogen 
(that is, the proportions in which these two substances would be 
present assuming the formation of the alcohol in the experiments 
described in this paper) be passed over nickel, the rate of decom- 
position of the alcohol into carbon monoxide and hydrogen will 
be far greater than that of the formation of methane. The rate 
of production of methane with thoria present is fourteen times 
that with nickel alone. These experiments would appear to show 
that when a mixture of carbon monoxide and hydrogen (1 : 5) is 
passed over nickel, rapid formation of an intermediate compound 
of the methyl alcohol type takes place (probably via formaldehyde) 
which is decomposable in two ways : 


pasa 9H,+C0 (1). 
CO + 2H, —> H,C-OH 
" Dabyaratog > (CH, + H,0 (2). 


In addition, therefore, to acting as a hydrogenating and a 
dehydrating catalyst, the nickel functions also as a dehydrogenating 
agent, so that the promoter will, by increasing the rate of dehydra- 
tion, suppress the dehydrogenation and enable the nickel to 
hydrogenate at an enhanced rate. 

Some experiments carried out by Ipatiev (J. Russ. Phys. Chem. 
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Soc., 1912, 44, 1695) seem to support the second view of the 
mechanism of the reaction and the dehydration hypothesis. He 
found that camphor was hydrogenated in the presence of nickel 
oxide at 320—350° to borneol. This in turn could be dehydrated 
at 350—360° in the presence of alumina to camphene, which could 
then be hydrogenated at 240° to camphane. By using a mixture 
of nickel oxide and alumina in the presence of hydrogen, camphor 
could be converted directly to tsocamphane at 200° or less. 


H —CH — A —i 

C,H i a oy —> fo up fe 

sHu<do —CH:0H —CH —OH, 
Camphor. Borneol. Camphene. Camphane. 


(See Pease and Taylor, loc. cit.). 

More information may be obtained on the mechanism of the 
reaction as a result of further experiments, particularly on the 
oxide of glucinum, as the cases in which this substance is more 
active than thoria or alumina are limited, generally, to the pro- 
duction of esters from mixtures of alcohols and acids (D.R.-P. 
261878). 

Selective Promotion.—It will be shown in the experimental portion 
of this paper that in the presence of a promoter a slightly larger 
percentage of carbon dioxide is obtained in the final gas than 
with the catalyst alone, under conditions which preclude the 
possibility (verified by tests) of the decomposition of the carbon 
monoxide to the dioxide and carbon. Carbon monoxide will react 
with water as follows : 

CO + H,O == CO, + Hg, 
and, as is well known, promoters are capable of accelerating this 
reaction. The effect of various promoters has been determined 
and it is hoped to communicate the results in a later paper. It 
has been found that the velocity of this reaction at 180—280° is, 
with nickel alone, much smaller than that of the methane synthesis. 
It would appear, therefore, that when two reactions, both capable 
of being accelerated, take place at the same time in the presence 
of the same catalyst and promoter, that which is normally the 
slower is accelerated to a greater comparative degree than that 
which is normally the faster. Support for this statement was 
obtained whilst investigating the action of carbon monoxide on 
excess of steam in the presence of nickel, and nickel and promoters. 
Whilst carbon dioxide and hydrogen are the main products of the 
reaction, methane is also formed, the quantity of which is greater 
when, for example, alumina is present than when nickel alone is 
used. Selective promotion may be said to be operating in these 


two cases. 
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(b) Carbon Dioxide and Hydrogen.—The mechanism of this 
action may be expressed in a similar manner to that described 
above with carbon monoxide, namely, 


~ OH 
~OH 


-CH, —> CH,,. 
—> CH,O —> CH,OH—” °° ' 


~ CO + 2H,. 


CO, —»> H,C 


This representation would explain the formation of carbon 
monoxide, which has been found in the exit gases by various 
workers, particularly where a large excess of hydrogen is not used. 

Probably a simpler hydrogenation than that shown above (II) 
takes place, the result being a compound which is dehydrated to 
give the monoxide and water : 


Ni + CO, +H, —> Ni(HCO-OH) —> Ni+ H,0 + CO. 


The production of methane from carbon dioxide and hydrogen 
appears therefore to involve two more operations than is the case 
with the monoxide. The catalyst takes part in an extra hydro- 
genation, and the promoter in a dehydration. This would account 
satisfactorily for the higher temperature necessary with carbon 
dioxide, and also for the somewhat lower accelerating effect obtained 
by the use of promoters. 

Applications of the hypothesis outlined above will be considered 
after the experimental part (Section B). 


EXPERIMENTAL. 


Materials used—(a) The carbon monoxide was prepared by the 
dehydration of formic acid with sulphuric acid and was freed from 
carbon dioxide by passage through a strong solution of caustic 
soda. ‘The average purity throughout the experiments was 99°8 
per cent. Cylinder carbon dioxide was used in the experiments 
involving this gas. 

(6) The hydrogen was prepared electrolytically and was of a 
high order of purity (99°9 per cent.). 

(c) The nickel used was prepared from nickel cubes (obtained by 
the Mond process) and contained a small proportion of iron and 
carbon. Comparative tests showed that these impurities were 
present in such small amounts as to have no influence on the 
results. A stock solution of nickel nitrate was made from the 
cubes, and finely divided nickel was obtained by the reduction of 
the oxide resulting from the ignition of the nitrate, deposited on 
pumice. 

The temperature and time of reduction were varied according 
to the nature of the promoter, experience having shown that nickel 
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oxide after the addition of substances such as silica, capable of 
combining with it, required a higher temperature for reduction 
than did nickel alone or with promoters of the type of thorium 
oxide. In general, the reduction temperature was 330—350°,* 
rising to 450—470° in the case of nickel silicate. 

(d) The substances tested for promoter action were obtained as 
pure as possible, but in many cases laborious purification was neces- 
sary before the results were trustworthy, chiefly owing to the 
presence of traces of poisonous sulphur-containing compounds. 
Thorium nitrate, for example, was purified both by recrystallisation 
and precipitation methods. In this work, with the exceptions 
hereafter stated, only irreducible or difficultly reducible oxides were 
used. 

(e) Pumice (20—30 mesh), purified by boiling with concentrated 
hydrochloric acid, followed by the complete removal of the latter, 
was used as the support for the catalyst, after tests had shown 
that it was practically inert. 

Preparation of Catalysts—The preparation of the individual 
mixtures tested is noted below in Table II. Wherever possible, 
the following method was adopted. The pumice was added to 
about 10 c.c. of the mixed nitrates in solution in the desired pro- 
portions, and the mixture dried between 80° and 100° with stirring. 
The nitrates were then ignited at as low a temperature as possible 
until completely converted into the oxides. 

It has been stated that precipitated alumina is much more active 
as a dehydrating agent than alumina prepared by the ignition of 
the nitrate. It was found actually that the method of preparation 
had only a slight influence on the activity of this substance in the 
methane synthesis. 

Concentration of Catalyst —In order to obtain comparative results, 
1 gram of pumice was used in each experiment, and the amount of 
the nickel after reduction was 0°1 gram. The quantity of pumice 
taken was checked by measurement of the catalyst space in each 
experiment. The amount of promoter added varied over a wide 
range. 

Temperature—Carbon monoxide is decomposed more or less 
rapidly above 300° in the presence of nickel, and in the majority 
of the experiments involving this gas this temperature was not 


* In view of the discussion as to the necessity of oxygen for the activation 
of hydrogenating catalysts (Willstitter and Waldschmidt-Leitz, Ber., 1921, 
58, [B], 113), it is of interest to note that whilst the lower oxides of nickel 
were themselves quite inactive in this synthesis, there is considerable evidence 
to show that they act as promoters to the nickel, which alone is only slightly 
active. 
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TABLE II. 
Optimum con- Max. 
centration as speed in Method of 
Substance +-nickel. % of nickel. c.c./min. Temp. preparation, 
Cerium oxide ......... 4 620 270° By ignition of 
nitrates, 
THOMUM 5, ceksccess 10—12 600 270 Pa 
Givemum 4, scecsie 20 580 275 os 
Chromium ,, ......... 15 550 295 Fa 
Aluminium ,, ......... 15 500 297 rs 
GD) Tesdediccsnesocsese 7 430 295 By precipitation, 
NE ec nc cascade 18 310 280 i 
Molybdenum oxide 12 220 292 Ex. nickel nitrate. 
amm. molybdate, 
Vanadium Pe 7 140 298 Ex. nickel nitrate. 
amm. vanadate, 
Tin ss No acceleration 
Magnesium fe - 
BEE censciscssnecseres i 
oo. Se Ae ee us 
| ee eee 32—35 285—290 By ignition 


of nitrate. 


exceeded. It is to be noted, however, that the heat of reaction 
was sufficiently great to make temperature control a very difficult 
matter and the temperatures recorded below must be regarded as 
only approximately accurate. 

Apparatus and Procedure.—The required mixture (CO : H, = 1:5 
or CO, : H, = 1: 6) was stored in an aspirator over gas-saturated, 
acidified water, from which it could be passed at varying speeds 
through a drying system and into the catalyst chamber. The 
latter consisted of a straight glass-tube, fused to a preheating coil 
disposed around it and heated in a carefully lagged air furnace, 
thermometers being placed both inside and outside the tube to 
indicate the temperature. After reduction was complete and 
before an experiment was commenced, the apparatus was swept 
out by a current of the mixed gases, and between separate experi- 
ments involving the use of the same catalyst, the Jatter was kept 
in an atmosphere of hydrogen. In addition to volume relation- 
ships, analyses of the exit gases were made and used as a further 
check on the accuracy of the aspirator readings. 

Maximum Catalytic Effect—In all cases, the catalytic effect of 
the substance under examination was measured by the maximum 
speed at which the gases could be passed over it, to ensure a com- 
plete or almost complete removal of the carbon monoxide or dioxide 
at the temperature employed. This was chosen as the most con- 
venient point for comparison, although, of course, the space-time 
yield can be increased by reducing the time of contact of the gases 
with the catalyst within certain limits. 

The optimum concentration was determined for a number of 
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promoters and the maximum speeds attainable at this concentration 
areshown in Table II. The speeds are compared with that obtained 
vith nickel alone, that is, 32—35 c.c. per min. for 0°1 gram of 
catalyst on.1 gram of pumice at 285—290°. Great difficulty was 
experienced in estimating small alterations in speed with small 
changes in concentration of the promoter round and immediately 
beyond the optimum concentration. The figures representing the 
optimum concentration therefore are given to the nearest whole 
number and the higher speeds are accurate to about 10 c.c. per min. 

In the above table those substances showing no acceleration * 
have been prepared by various methods and tested at different 
temperatures. All possible methods have not been exhausted, 
and it is proposed to continue experiments on these substances. 
The results obtained by the more detailed investigation of some 
of the promoters are shown in Table III. 


TaBeE III. 
Quantity of Maximum speed in c.c./min. 
promoter as 
% of Ni. Ce,0;. ThO,. GIO. Al,0;. Mo,O;. V,O3. Cu. 
0:5 300 60 32 75 32 32 33 
1-0 - 540 320 35 200 40 54 30 
2-0 560 420 _ 260 — 60 — 
3-0 590 
4-0 620 
5-0 610 480 160 320 80 95 = 
6-0 120 
7:0 600 140 
9-0 590 120 
10-0 600 600 290 450 200 110 26 
12-0 600 470 220 
15-0 580 600 500 190 
16-0 490 
18-0 540 
20-0 560 580 460 
23-0 560 
50-0 470 570 420 380 110 24 
100-0 530 280 No action 
200-0 380 470 
About 400 350 


The results tabulated above show that no relationship can be 
established between the molecular weight of a promoter and its 
optimum concentration. One per cent. of glucinum oxide, for 
example, with a molecular weight of 25, is one-ninth as effective 
as 1 per cent. of thorium oxide, with a molecular weight of 264, 
indicating that in the former case the nickel has covered the whole 
of the oxide, and in the latter the promoter has been deposited 
in part at the surface of the catalyst. With thoria and to a 


* Sodium hydroxide, sodium carbonate, potassium carbonate have been 


3 D* 


shown to be ineffective as promoters in this reaction. 
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lesser extent with ceria, a large, ill-defined region exists in which 
quite considerable changes in concentration produce no correspond. 
ing effect on the velocity. In fact, above the optimum concen. 
tration there was not with the majority of promoters that decrease 
in velocity expected on the assumption that the increase in con. 
centration diminished the surface of the catalyst exposed to the 
action of the gases. Surface conditions are evidently very complex 
at these concentrations, although it is probable that to some 
extent the decrease in surface of the nickel is counteracted by the 
increase in accelerating power of the promoter. 

For these reasons, the curves in Fig. 1, showing the relationship 
between the concentration of the promoters named and the speeds, 
have not been continued far beyond the optimum concentration. 

Surface Covered by Promoters.—It is desirable at this stage to 
attempt to form an estimate—necessarily only approximate—of 
the probable changes in exposed surface of the catalyst due to 
small differences in the concentration of the promoter, particularly 
round the optimum concentration. 

Two cases will be considered, (1) in which both catalyst and 
promoter are deposited on a support, (2) the catalyst is deposited 
on the promoter. 

1. With the amounts of nickel and pumice used above, that 
is, 0°l gram of nickel to 1 gram of pumice, or 10 per cent., it may 
be assumed for the purposes of the calculation that a uniform 
distribution has been obtained. If the quantity of promoter, 
for example, thoria, be taken at the optimum concentration, 
namely, 10—12 per cent. of the nickel (at. wt. 59), then if the 
whole of the thoria (mol. wt. 264) is deposited on the nickel, the 
surface covered by it will be approximately 1/40 that covered by 
the catalyst. An additional 1 per cent. of thoria will increase the 
surface area covered by it by 1/400 (approx.) and even with 100 per 
cent. of thoria present, the surface covered will be but 1/4 to 1/5 
of the total. 

Round the optimum concentration, therefore, marked changes 
in velocity with changes in concentration of promoters of high 
molecular weight would not be expected. 

2. Different results are obtained when thoria replaces the 
pumice as carrier, and for the same catalyst space about five times 
the quantity of oxide is required. Thus assuming the nickel to 
be deposited entirely at the surface of the thoria, 0-1 gram of nickel 
on 5 grams of thoria, that is, 2 per cent., gives the same exposed 
surface of catalyst as 0:1 gram of nickel on 1 gram of pumice. A 
reduction, therefore, from 2-0 per cent. to 1°8 per cent. of nickel 
means a change in surface of 10 per cent., so that when the catalyst 
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is deposited at the surface of the promoter, small changes in the 
concentration of the former produce important alterations in the 
velocity of the reaction (compare Section B, The Incandescent 
Mantle). 

Influence of Temperature.—Reference was made previously to 
the fact that nickel oxide to which chromium oxide had been added 
required a higher temperature of reduction than nickel oxide alone. 
It has been found that oxides capable of combining with nickel 
oxide under proper conditions, forming, for example, nickel 
chromate, exert their maximum catalytic effect at a higher tem- 
perature than does either nickel alone or nickel in conjunction 
with substances of the thoria type (see Table II). The following 
table shows the influence of temperature on the maximum catalytic 
effect of a nickel-thoria and a nickel-chromium oxide catalyst, 


respectively. 


TABLE IV. 
Speed in c.c./min. 

Temp. Ni-ThO,. Ni-Cr,Q3. Ni. 
295° 590 550 32—35 
280 600 220 os 
270 600 62 27 
250 330 24 
200 86 Less than 10 c.c. ca. 2 
150 15 Not estimable 


The reduction in speed shown in the case of the nickel-chromium 
oxide catalyst is greater than can be accounted for by the fall in 
temperature: alumina, silica, molybdenum oxide displayed the 
same comparative inertness below 270°.* 

Typical analyses of the gases produced are given in the following 
table. 


TABLE \V. 
Ni alone. Ni-Thoria. Ni-Thoria. 
Temp. 280°. Temp. 270°. Temp. 180°. 
i, II. 
Carbon dioxide ......... 0-4 0-6 1-2 1:3 
Carbon monoxide ...... 0-3 0-9 0-5 0-8 
SNES oocccinciocsvesans 31-6 31-2 30-7 
een 67-2 67-2 67-4 
SL ae 99-5 99-9 99-8 


Carbon Dioxide and Hydrogen.—A few experiments have been 
carried out with these gases and the maximum velocities obtained 
at the optimum concentration of promoters are given in Table VI. 

The temperature was 360—370° in all the experiments. 


* Probably compound formation of some type is taking place below this 


3 D*2 


temperature. 
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TABLE VI. 


Oxide. Speed in c.c./min. Oxide Speed in c.c. /min, 
Thorium 550 Molybdenum 
Glucinum 540 
Chromium 490 Ni alone 
Aluminium 450 


Table VII shows in greater detail the effect of the concentration 
of the oxides of thorium and glucinum on the speed. 


TABLE VII. 


Conc. as % of Speed in c.c./min. Conc. as % of Speed in c.c./min. 
Ni present. ThO,. G10. Ni present. ThO,. Glo. 
° 10-0 550 260 
20-0 540 540 
30-0 — 490 
50-0 520 
The results have been plotted in Fig. 1. The curves for glucinum 
oxide given by the two oxides of carbon lie close together, whilst 
small quantities of thoria do not exhibit the same accelerative 
power in the carbon dioxide—hydrogen reaction as in that involving 


the lower oxide. 


B. Applications of the Dehydration or Hydration Hypothesis. 


Promoters have been used in many catalytic reactions, and in 
considering the probable mechanism of their action on the diverse 
catalysts employed, it is necessary to deal with each reaction 
separately. The nature of the reacting substances, of possible 
intermediate compounds, and of end-products, and their action on 
the catalytic materials must be studied. In addition, optimum 
concentrations will differ with each catalyst and with the nature 
of the support, if any. 


Action of Carbon Monoxide on Steam. 


It has been stated previously that carbon monoxide reacts with 
steam as follows : 


CO+H,O == CO, + H,. 


Armstrong and Hilditch (Proc. Roy. Soc., 1920, [A], 97, 265) have 
advanced the theory that the effectiveness of copper as a catalyst 
in this reaction is due to its power of dehydrogenating formic 
acid, which they conceive to be the intermediate compound formed : 


CO + H,O —> HCO-OH —> CO, + H,. 


The Badische Co. have used nickel as a catalyst, and as this metal 
decomposes steam only slowly at a red heat, but dehydrogenates 
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formic acid rapidly at low temperatures, the mechanism of the 
process may be considered to be similar to that with copper. 

Further, the reversibility of the dehydration process in the case 
of ethyl alcohol in the presence of oxide catalysts has been demon- 
strated by Engelder, who was able to show that the alcohol—water- 
ethylene equilibrium could be displaced by the addition of water 
to the incoming alcohol (J. Physical Chem., 1917, 21, 676). 

/ 


© Ce,0,;—CO,H,. 
weet 
e—-—-—@ ThO,— ts. 
x————x GIO—00,H,. 
@—«—»—@ GIO—CO,,H;. 
————~- Mo,0,—CO,H;. 


Speed in c.c./min. 


100 4 
Ni,CO,,H, $7 


vi,C ] 2 


0 5 10 15 20 25 30 
Concentration of the promoter expressed as percentage of nickel. 

It will follow, then, from the conclusions of these authors that 
the presence of a hydrating agent such as alumina or thoria in 
contact with the catalyst, for example, nickel, will accelerate the 
velocity of the reaction by forming the intermediate compound, 
in this case formic acid, for decomposition by the catalyst. 

In addition to copper, the action of iron oxide has been studied 
by Armstrong and Hilditch, who attribute the formation of carbon 
dioxide and hydrogen to alternate reduction and oxidation of the 


catalyst as follows : 
(7) \CO+ FeO == CO, + Fe. 
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(b) fH,O+ Fe == FeO + H,. 
\4H,O + 3Fe == Fe,0, + 4Hg. 

The addition of promoters to the iron or iron oxide increases 
the velocity of this reaction to a marked extent, and among the 
most effective- are hydrating agents and oxygen carriers. For 
example, with a mixture of iron oxide, chromium oxide, and 
thorium oxide, the velocity of this reaction is at least eight times 
as great as that with iron alone (compare Pease and Taylor, loc, 
cit.). On the assumption that reduction and oxidation are taking 
place only, the thorium oxide would appear to operate by adsorp. 
tion of water vapour, thus producing a greater concentration of 
this gas at the surface of the catalyst. The chromium oxide may 
act in some way as an oxygen carrier, but more probably acts in 
a similar manner to thorium oxide.* 

The remarkable increase in activity shown by iron in the presence 
of promoters, together with the known dehydrogenating action 
of this metal, suggests that the hydrogen is produced both through 
the formation of formic acid and through the reduction and oxid- 
ation of the catalyst. Im any case, hydration occurs and the 
function of the promoter will be in part to do work—hydration— 
for which it is more suited than the iron. 

The experiments to test these suggestions are still in an early 
stage, but sufficient evidence has been obtained to support the 
hypothesis. 

Nickel and iron have been used as catalysts, and it has been found 
that the speed with nickel alone is greater than with iron alone 
at the temperature of 400—450°. The results with promoters 
show that the accelerative influence with iron as catalyst is pro- 
portionately far in excess of that with nickel, although the actual 
speeds obtained are in the reverse order. Further experiments on 
the effect of the addition of the same promoter to substances 
capable of catalysing the same reaction in varying degree are 
required before a general statement on this point can be made. 
This case must not be confused with that previously cited, in 
which two reactions are taking place simultaneously in the presence 
of the same catalyst. 

It would be anticipated from the hypothesis, that a good dehydro- 
genating catalyst in contact with a good hydrating agent would 
give satisfactory results, and it is noteworthy that the majority 
of the catalytic materials patented by the Badische Co. for use 
in this reaction consists of such a mixture. The following may be 


* In many oxidation experiments involving water, it has been shown that 
iron—thoria is more active than iron—chromium oxide; which would scarcely 
be the case if the promoter functioned by activating the oxygen. 
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quoted as examples: mixtures of oxides of iron, nickel, and cobalt 
with oxides of chromium and thorium; oxides of vanadium and 
chromium; oxides of manganese and chromium, of copper and 
tirconium, of lead and tungsten, and of cerium and chromium. A 
comparison of the results given by these mixtures would be of 
great value, in particular by the last-named; this consists of two 
excellent hydrating agents, which under suitable conditions act 
also as OXygen Carriers. 


The Incandescent Mantle. 


In general, an oxygen-carrier such as manganese dioxide, 
vanadium pentoxide, or cerium dioxide is used in conjunction 
with a base such as thoria, alumina, etc., in the making of a gas 
mantle. A mantle consisting of 0°9 per cent. of ceria together 
with 99°1 per cent. of thoria is the only one used extensively by 
reason of its high light emission, strength, and life. 

Now, the oxidation of a hydrocarbon in the presence of a catalyst 
may be considered as taking place in two stages, namely, (1) the 
addition of oxygen to form an intermediate compound, and 
(2) decomposition of the latter to give carbon dioxide and water 
(compare Bone and collaborators, T., 1903 et seg., for papers on 
the oxidation of hydrocarbons). Thus the maximum catalytic 
effect would in all probability be obtained by using a powerful 
oxygen carrier in conjunction with a strong dehydrating agent. 
Such a mixture as ceria—thoria fulfils these conditions, so that, in 
part, at all events, the superiority of this mixture may be attributed 
to the fact that the ceria acts as a promoter to the thoria, its 
particular function being to form the intermediate compound for 
dehydration by the thoria (compare Pease and Taylor, loc. cit., 
who have also suggested that the ceria acts as a promoter). Further, 
the fact that the light emission falls when the content of ceria is 
increased above 1 per cent. may be explained on the assumption 
that the thoria acts, not only as a catalyst, but also as a carrier 
for the promoter, and, as shown previously (see Experimental part), 
under these conditions a small increase in the amount of the ceria 
present is sufficient to cover a large surface of the thoria. 

The combustion of hydrogen may be explained on similar lines 
to those indicated above, but the mechanism of the oxidation of 
carbon monoxide appears to fall in a different category. Rideal 
and Taylor (Analyst, 1919, 44, 89) have shown that the preferential 
combustion of small quantities of carbon monoxide in hydrogen 
does not take place through the operation of the water-gas reaction, 
CO0+ H,O == H, + CO,, at low temperatures, iron or copper, 
with chromium oxide and ceria or thoria added in small quantity, 
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being used as catalyst. It appears, however, somewhat difficult 
to account for the action of a poor oxygen activator such as thoria, 
and further it can be shown that with the same quantity and type 
of catalyst as was used in the preferential combustion experiments, 
the water-gas reaction takes place to an appreciable extent at 300°. 

The combustion of carbon monoxide under higher temperature 
conditions than those used by Rideal and Taylor has been con. 
sidered to take place through the action of the water present 
(Dixon, Phil. Trans., 1884, 175, 617; compare also von War. 
tenberg and Sieg, Ber., 1920, 53, [B], 2192) as follows : 


200 + 2H,0 = 2C0, + 2H, 


in which case, the functions of the thoria and ceria are similar to 
those of the catalysts in the water-gas reaction. It is hoped to 
test the above suggestions experimentally in the near future. 


Selective Catalysis. 


In working on reactions similar to that of the synthesis of 
methane, where one or more intermediate compounds are assumed 
to be formed, it was thought that by adding a suitable substance 
in small quantity to the catalyst, it should not be impossible, 
provided the correct physical conditions were obtained, to prevent 
the reaction proceeding to the methane stage and to obtain 
interesting products. A few experiments were tried, but the results 
were entirely negative. 

Rosenmund, Zetzsche, and Heise (Ber., 1921, 54, [B], 425), 
working on similar lines, found that by the addition of suitable 
promoters or inhibitants they were able to control the reduction 

of benzoyl chloride in the presence of palladium in such a manner 
that the chief product might be benzaldehyde, benzyl] alcohol, benzyl 
benzoate, dibenzyl ether, or toluene. The regulating substances 
were chosen to contain an element of variable valency, but appear 
also to have contained one of the ordinary catalyst poisons; for 
example, quinoline heated with sulphur was most active. 


Conclusion. 


It has been shown in this paper that 

(1) The action of promoters in the synthesis of methane from 
carbon monoxide and hydrogen, and carbon dioxide and hydrogen 
in the presence of nickel, depends on the dehydration of an unstable 
intermediate compound. 

(2) Promoters may act selectively. The action of the promoters 
discussed may be classified temporarily as follows : 
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(i) The promoter decomposes intermediate compounds formed 
by the catalyst. 

(ii) The promoter causes the reacting substances to combine, 
the resulting intermediate compound being decomposed by the 
catalyst. 

(iii) The promoter adsorbs or combines with one of the reacting 
substances, producing a greater concentration of the latter at the 
surface of the catalyst. 

The study of promoters is being continued partly on the lines 
indicated in this paper and partly with reference to those reactions 
involving direct hydrogenation of unsaturated compounds. The 
influence of groups such as OH, NH,g, etc., is being determined not 
only on the velocity of hydrogenation but also on the type of 
promoter required. 


The work described above was carried out in the laboratories 
of the South Metropolitan Gas Company, and the author is indebted 
to the Directors of the Company and to E. V. Evans, Esq., Chief 
Chemist, for permission to publish the results. Thanks are due 
to H. Stanier, Esq., for much advice, and to Messrs. Townsend 
and Harvey for assistance in some of the experiments. 


SoutH METROPOLITAN GAS COMPANY, 


Oxtp Kent Roap, Lonpon, S.E. [Received, March 20th, 1923.] 


CLXX.—The Mobility of Symmetrical Triad Systems. 
Part II. The Conditions Relating to Systems 
Terminated by the o-Phenylene Group. Derivatives 
of Indene. 


By CHRISTOPHER KELK INGOLD and HENRY ALFRED PicGorrT. 


In discussing the mobility of the systems reviewed in Part I (T., 
1922, 121, 2381), two classes of evidence were employed : 

(A) Proof that two asymmetrically substituted derivatives, 
which, from the methods of their synthesis, should have formule 
such as C,H,Me-N:N-C,H,; and C,H;-NH-N:N-C,H,Me, differing 
only in the position of the ;mobile hydrogen atom and double 
bond, are actually identical (symmetry test). 

(B) Proof that this single individual behaves as if it were a 
mixture of the two forms that compose it, by giving four substances 
instead of two when treated with reagents that rupture the molecule 
at the double bond (fission test). 
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To these we may now add a third class of evidence : 

(C) Proof that the single individual referred to in (A) behaves 
as if it were a mixture of the two forms, by giving two 
isomeric substances such as OC,gH,Me-NR‘N:N-C,H; and 
C.H,;-NR°N:N-C,H,Me, when the mobile hydrogen atom is 
replaced by an alkyl or acyl group (substitution test). 

It need scarcely be said that these three tests for mobility should 
support one another, as, actually, they invariably do. 

In Part I the four systems 

-N(H)-N°-N- -N(H)CH:N- >C(H)NIC< >C(H)-CH°C< 
were examined as regards their mobility when terminated by two 
phenyl groups, and the conclusion drawn was that whereas diazo. 
aminobenzene (1) and diphenylformamidine (II) are undoubtedly 
tautomeric, the systems present in benzylidenebenzylamine (III) 
and diphenylpropene (IV) are absolutely immobile; so much so 
that isomeric change could not be observed even at fairly high 
temperatures. 


(I.) C,H;-NH-N:N-C,H; C,H;°CH,"N:CH-C,H, (III) 
(Il.) CgH,-NH°CH:N-C,H; C,H,;°CH.°CH:CH-C,H, (IV.) 
Having established these facts, it was decided to turn next to 

the corresponding series of cyclic structures in which the two 


pheny! groups of the first series are replaced by a single phenylene 
group. The four parent substances are therefore aziminobenzene (V), 
benziminazole (VI), csoindole (VII), and indene (VIII). 


NH NH CH, 
eS, ors, se 


as Ty tae ae Oe. | 
SA a li i” 
N N CH 
(V.) (VI) (VII.) (VIII.) 


As regards the first of these, Griess at an early date drew the 
conclusion that aziminobenzene (V) is symmetrically constituted 
because two aziminobenzoic acids, which, from the mode of their 
preparation, should have the formule (IX) and (X), were found 
to be identical (Ber., 1882, 15, 1878), a result which was subsequently 
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confirmed by Zincke and Helmert (Amnalen, 1896, 291, 313). 
Aziminobenzene satisfies, therefore, what we have called the 
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smmmetry test (A), and although no suitable way of applying the 
fission test (B) has yet been found, it is interesting to note that 
the substitution test (C) is satisfied. Zincke and Lawson (Annalen, 
1887, 240, 119), by acetylation of aziminotoluene, obtained a mix- 
ture of two isomeric acetyl derivatives (XI and XII), which on 
hydrolysis gave back the same parent aziminotoluene. Zincke 
and Lawson themselves regarded the acetyl compounds as physical 
isomerides, but this they certainly are not, because they can co-exist 
in solution both at high temperatures and at the ordinary tem- 
perature. There can be no question but that they are structurally 
isomeric, and the fact that on hydrolysis they give the same azimino- 
toluene constitutes additional confirmation of the mobility of the 
three-nitrogen system present in that substance. 

The same two types of evidence (A and C) support each other in 
proving the mobility of the triad system in benziminazole (V1). 
Thus the rational synthesis of the compounds (XIIT) and (XIV) 
f leads actually to a single individual which, on methylation, gives 
a mixture of two isomeric N-methyl derivatives (XV) and (XVI) 
(0. Fischer, J. pr. Chem., 1906, [ii], 73, 419; 1907, [ii], 75, 88; 
and others). 


NH NH 


to 
Ww tT mS XS 
ne Pox) CHS OMe cH | OMe (xiv, 
: AZ KAZ 
) N N 
N-CH, N-CH, 
re Fw 1: en 
cxv.) CHy “OMe cH [| OMe (Xvr) 
be Bs F sin i 4 


Up to this point, therefore, the parallelism with the open-chain 
series in which the triad system is terminated by two phenyl groups 
holds good: both in the open-chain and in the cyclic series the 
systems NH-N°N and NH°CH:N are actively tautomeric. There- 
fore, special interest attaches to the two remaining types (VII 
and VIIT), containing the systems CH:N:C and CH-CH°C which 
are known to be inactive when terminated by phenyl groups. 
Unfortunately, it is not yet possible to complete the intended 
comparison, because, although indene (VIII) is the parent of a large 
and important series of compounds for which several general 
' methods of preparation are known, neither isoindole (VII) nor 
» any of its derivatives appears to have been prepared hitherto, and 
| therefore it has become necessary, not only to synthesise isoindole 
| itself and study its reactions, especially fission and substitution 
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reactions, but also to work out general methods for the preparation 


of derivatives suitable for the application of the various tests foi 


mobility given on p. 1469. Thus we have been compelled to unde. 
take a somewhat lengthy investigation of the chemistry of isoindol 
and its derivatives before making any attack on the special problen 
of the tautomeric mobility of the substance, and it has seeme 
desirable, therefore, in the meantime to push forward the projected 
series of experiments on the tautomeric mobility of indene. The 
results have justified this decision, for these experiments hay 
yielded the first evidence of a marked difference between the 
structural conditions present in the open-chain and cyclic series, 
Unlike diphenylpropene, which is definitely static, indene is mobile, 
being strictly comparable in this respect with aziminobenzene 
and benziminazole. 

It would be premature at the present stage to discuss the reason 
for this extraordinary contrast, and it is proposed to reserve the 


question until the intended comparisons have been completed; § 


but it will be noted that the case of indene is a significant indication 
that the general conclusion, stated in Part I (loc. cit., p. 2384), as 
to the structural conditions which determine mobility, although 
substantially correct as far as it goes,* must be regarded, neverthe. 
less, as a very crude approximation only to the truth. 

It is not necessary to enter in detail into the previous attempts 
which have been made to examine the mobility of indene by the 
symmetry method, because these attempts have invariably involved 
substitution in the three-carbon system itself. Thus Courtot 
(Compt. rend., 1915, 160, 523) showed that 1-benzylindene (XVII), 
prepared from benzyl chloride and magnesio-indene, is different 
from, but very easily convertible into, 3-benzylindene (XVIII), 
which Thiele and Biihner had previously obtained (Annalen, 1906, 
347, 249) from benzylideneindene (XIX) by reduction. No attempt 
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was made by Courtot to detect the reversibility of the interconver- 
sion which he had observed, and whether or no the benzylindenes 


H 


are actually the individuals of a tautomeric system cannot be f 


deduced from Courtot’s work; but even if they are not, it would 


* For example, the discovery that the indene system is mobile is in [ 
keeping with the correlation indicated in Part I between mobility and [ 
capacity for alkylation. 
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not follow that the unsubstituted three-carbon system present 
in indene itself is not mobile, because it has been shown (Bland 
Bind Thorpe, T., 1912, 101, 871, 1740) that the presence of an 
1. ot y-benzyl group suppresses the mobility of the three-carbon 
system of glutaconic acid to a remarkable extent. 

It is, however, quite unnecessary to tamper in any way with the 
three-carbon system of indene to obtain an experimental proof or 
disproof of its symmetry. One can proceed as follows: first, two 
substituted indanes, one a 1 : 5-derivative (XX) and the other a 
1;6-derivative (X XI), are synthesised, and each of them is rigor- 
ously orientated; then, by elimination of the group H—X, each 
indane is converted into an indene which is substituted only in 
the benzene nucleus; the identity or non-identity of the mono- 
substituted indenes (XXII and XXIII) thus obtained establishes 
the symmetry or dis-symmetry of the unsubstituted triad system 


>ASOn 
> the present in the indene nucleus. This is the plan on which the 
ated: jp present investigation has been based, and it may here be stated 


fthat the results clearly demonstrate the symmetry of the indene 
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Our experiments have throughout been directed to the pro- 


rtot 
Il), § duction of a pair of isomeric 1-hydrindamines, either of the types 
ent @ (XXIV) and (XXV), or of the types (X XVI) and (XXVIJ), from 


any of which ammonia could be eliminated to give substituted 
indenes. With this object, a close study has been made of a con- 
siderable number of indanes in which the group A has been NO,, 
NH,, NH Ac, OH, or Me, while the group X has been either NH, 
orsome group which can readily be converted into an amino-group. 


_ CH, CH, A CH, CH, 
ad sal wt a AMEN 
| | CH, 4 CH, | CH, | | CH, 
il, ‘7 ot iy ol a 
m CH-NH, CH-NH, CH:'NH, A CH°NH, 
| (XXIV.) (XXV.) (X XVI.) (XXVIL.) 


Kipping and Revis (T., 1897, 71, 250) have shown that 1-hydrind- 
amine itself (XXVIII) can be readily prepared by the reduction 
of the oxime of 1-hydrindone (XXIX), which, in turn, can be 
| obtained by the action of aluminium chloride on the chloride of 
8-phenylpropionic acid (XXX). Our plan, therefore, was to carry 
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out a similar series of preparations starting with 0-, m-, and p. 
substitution products of 8-phenylpropionic acid. It will be observed, 
however, that whilst o- and p-substituted phenylpropionic acids 
can give rise respectively to 4- and 6-substituted hydrindones 
and hydrindamines only, m-substituted phenylpropionic acids, 
on the other hand, might yield 5- or 7-derivatives of indane. For 
this reason, and also because this method as a source of indanes 
is further greatly limited by the fact that the chlorides of sub. 
stituted phenylpropionic acids do not always undergo internal 
condensation in presence of aluminium chloride as readily as does 
8-phenylpropiony! chloride itself,* it became necessary at an early 
stage of this investigation to discover a means of supplementing 
existing synthetical processes by finding some new sources of 
substituted 1l-hydrindamines. The direct introduction of sub. 
stituents into 1-hydrindamine itself and into 1-hydrindone appeared 
to offer possible methods of preparing the required isomeric hydrind. 
amines, and therefore a preliminary investigation was commenced 
with a view to the preparation of substituted hydrindamines and 
hydrindones directly from the parent substances. The tracing 
out of the inter-relationship and the orientation of the series of sub- 
stances produced by these means have proved a tedious, and, 
in some respects, an intricate task, but it has at length been com- 
pleted, and has resulted finally in the synthesis of a pair of isomerides 
of the type required. 


CH, CH, CH, CH 
es F te \7\coH i /* 
| | CH, | | CH, | leo’a | | CH: 
a, a ee. ~ ? i 
GH-NH, GO GH-NHAc 
(X:XVIII.) (X XIX.) (XXX.) (XXXI.) 


It is well known that aniline, on nitration in concentrated sul- 
phuric acid, yields a meta-substitution product, whilst acetanilide 
under similar conditions gives a para-compound. Therefore one 
of the first plans tried consisted in directly nitrating 1-hydrindamine 
and its acetyl derivative (XX XI); for, if there were any difference 
between the directive influence of the aminosulphonic and acety]- 
amino-groups, these reactions should lead to two nitrohydrind- 
amines (XXXII and XXXIII) having the required relationship 


* For instance, the chloride of p-nitrophenylpropionic acid (LXXI) on 
treatment with aluminium chloride yields p-nitrophenylpropaldehyde 
(LXXII), and no trace of the expected hydrindone derivative (compare 
p. 1505). 
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to each other. It was found, however, that the nitration pro- 
duct of acetylhydrindamine, now known to have formula (XXXIV), 
was identical with the acetyl derivative of the nitration product 
(XX XIII) of hydrindamine itself. The nitro-compounds (XXXIIT) 
and (XXXIV) yielded, on reduction, amino-compounds (XXXV) 
and (XXXVI), on the identification of which the orientation of 
this series as 6-substituted-1-hydrindamines depends (v. infra). 


CH, CH, CH, 
on /\/~,. Af. PS 
| | C 2 No.! | CH, NO | | CH, 
is we tes . 
GH-NH, GH-NH, CGH-NHAc 
(XXXIL) (XX XIII.) (XXXIV.) 
CH, CH 
(XXXV.) ., aa: ( ( CH (XXXVL) 
NH A Yo NEA A? 
CH-NH, GH-NHAc 


The second starting point was 1-hydrindone, the nitration of 
which was attempted by Kipping, who obtained, under conditions 
which he himself found difficult to reproduce, a very impure product, 
containing, however, a crystalline nitrohydrindone. This substance, 
when pure, melted at 76—77°, but it was obtained only in small 
quantities and was difficult to purify (T., 1894, 65, 495), so that no 
attempt was made to determine the position of the nitro-group or 
to characterise the substance by the preparation of derivatives. 
More recently (Ber., 1916, 49, 1279), von Braun and Heider carried 
out the same nitration, but did not try to purify the product.* 

We have carefully examined the nitration of 1-hydrindone, 
and have evolved a process by means of which it is possible to 
obtain a quantitative yield of a mixture of two mononitrohydrind- 
ones, which, owing to their extraordinary tendency to crystallise 
from solvents, may readily be separated from one another and 
obtained in a pure condition. The two substances melt at 74° 


* These investigators converted the crude nitration product successively 
into the — derivative and the 1 : 2-diketone, 


CH, Ea 
NO,C,H; c “Sou, > NO,-C,H; <img SC:NOH > NO, Ce BX oo “Sco 


but it may vi doubted whether they ied either the elt, 
or the diketone in a pure condition, for it is shown in this paper that the 
original nitration product is a mixture of isomerides. Since the corre- 
sponding oximino-compounds melt with decomposition, and the diketones 
decompose before they melt, mixtures of isomerides would not be easy to 
recognise. 
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and 77°, respectively, and it is probable that the latter is the 
substance isolated by Kipping. 

The orientation of these substances practically resolves itself 
into deciding whether they are 6- or 4-nitrohydrindones, and this 
was readily accomplished by oxidation. It is well known that 
l-hydrindone, on oxidation with cold alkaline permanganate, 
gives phthalic acid. If, however, dilute chromic acid is employed, 
homophthalic acid (XX XVIII) may be obtained as the main 
product, phthalic acid being produced in small amount only, 
Exactly similar results were obtained using the nitrohydrindone 
having m. p. 74°. Cold alkaline permanganate converted it into 
4-nitrophthalic acid (XX XIX), which has been well characterised 
by other workers, and was readily identified. On the other hand, 
dilute chromic acid gave, in addition to a small amount of 4-nitro- 
phthalic acid, a large yield of 4-nitrohomophthalic acid (XL), 
the constitution of which follows first from the fact that it is prac- 
tically the sole mononitration product of homophthalic acid itself, 
and secondly from the fact that on further oxidation it gives 
4-nitrophthalic acid. This relationship between the nitro-ketone 
and the two nitro-acids was further confirmed in two ways. In 
the first place, the nitro-ketone was converted into its oximino- 
derivative (XLI) by treatment with amyl nitrate and hydrochloric 
acid, and the oximino-compound hydrolysed by hydrochloric acid 
and formaldehyde (compare Perkin, Roberts, and Robertson, T.,, 
1912, 101, 234) to the corresponding 1 : 2-diketone (XLII). This 
substance, on oxidation with dilute chromic acid, passed smoothly 
into 4-nitrohomophthalic acid. The second method consisted 
in first converting the nitro-compound into its 2 : 2-dibromo- 
derivative (XLIII), and then oxidising this with permanganate 
to 4-nitrophthalic acid. It is evident, therefore, that the nitro- 
compound having the m. p. 74° must be 6-nitro-1-hydrindone 
(XXXVII). The various relationships are summarised in Table I, 

Having orientated 6-nitrohydrindone, it then became possible 
by establishing a connecting link with the nitration products 
obtained from hydrindamine and acetylhydrindamine, to orientate 
these substances. The nitro-ketone (XXXVII), or its dibromo- 
derivative (XLIII) was first reduced by means of stannous chloride 
to the amino-ketone (XLIV), which was then acetylated, and the 
acetyl derivative (XLV) converted into its oxime (XLVI). This 
substance on reduction gave an acetyl derivative (XLVII) of amino- 
hydrindamine, which on further acetylation gave a diacetyl com- 
pound (XLVIII), identical with the product of acetylation of the 
compounds (XXXV) and (XXXVI), derived by the reduction 
of the nitration products both of hydrindamine and acetylhydrind- 
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amine. Evidently, therefore, all these substances are 1 : 6-disub- 
stituted indanes (see Table IT). 
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- this TABLE I. 
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(CrO3) (XLI.) 
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ne Peetyl derivative) —> (XXXIV.) —> (XXXVI)  (XLVIIL.) (XLVII.) 


It was necessary to work through this somewhat lengthy series 
of reactions in order to establish the connexion between the two 
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' series, because, curiously enough, the oxime of 6-nitrohydrindone 
(XXXVI), on reduction, even under conditions in which water 
was excluded as completely as possible, yielded the amino-ketone 
(XLIV), and not, as was at first hoped, the aminohydrindamine 
(XXXV). 

The second isomeric nitrohydrindone (m. p. 77°) proved on 
examination to be a remarkably stable molecular compound of 


6-nitrohydrindone and 4-nitrohydrindone (XLIX).* Not only 


was it incapable of being resolved into the simple ketones by frac. 
tional crystallisation, either from solvents or from the molten 
substance, but it also yielded a single oxime and semicarbazone, 
from both of which it could be regenerated, whilst fractional oxime. 
and semicarbazone-formation had no effect on its melting point 
or crystallographic homogeneity. On bromination, however, it 
yielded a mixture of 2 : 2-dibromo-6-nitro-1-hydrindone (XLIII) 
and the isomeric 2 : 2-dibromo-4-nitro-1-hydrindone (L), the struc- 
ture of which is indicated by its oxidation by permanganate to 
3-nitrophthalic acid (LI). Similarly, on reduction, the nitro. 
ketone (m. p. 77°) yields a mixture of 6-aminohydrindone and its 
isomeride, 4-amino-l-hydrindone (LII). The latter may also be 
obtained by reduction of the dibromonitro-compound (L), and its 
orientation follows from this fact : 


NO, CH, 
Fi 
(XLIX.) f | CH, 
We ~ NO, CH, NO, 
C P i te A\co H 
v | CBr, —> | ICO-H 
NH,CH, = (\/\/ Van 
fits, i CO 
(LIl.) | | CH, (L.) (LI.) 
fl ‘ 


It may be noted in passing that, owing to the fact that 4-amino- 
hydrindone is much more soluble than 6-aminohydrindone, and that 
4-nitrohydrindone forms only one-sixth of the mononitration 
product of l-hydrindone, it is unnecessary to separate the nitro- 
ketones when preparing the 6-amino-ketone, which may be obtained 
directly by reduction of the crude nitration product, the isomeric 
amino-ketone remaining in the mother-liquors. This circumstance 
renders 6-amino-l-hydrindone the most easily available of all the 
6-substituted indanes described in this paper (v. infra). 


* The formation of molecular compounds in the hydrindone series seems 
not uncommon. 6-Methoxy-l-hydrindone forms a molecular compound 
with its own oxime (compare p. 1492). 
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Whilst these experiments on the production of 1: 4- and 1: 6- 
disubstituted indanes were in progress, a second series of experi- 
ments was started with the object of working out methods for the 
preparation of isomeric 1 : 5- and 1 : 7-derivatives. After a number 
of unsuccessful experiments, a satisfactory starting point was found 
in m-methoxy-@-phenylpropionic acid (LVII), which can be pre- 
jared, following the procedure described in the experimental 
jart of this paper, from m-nitrocinnamic acid (LIII) by reducing 
this with stannous chloride, diazotising the tin double salt of the 
base (LIV), decomposing the product with boiling water, methylat- 
ing with methyl sulphate the phenolic acid (LV) thus obtained, 
and then reducing the unsaturated methoxy-acid (LVI) to the 
corresponding saturated acid (LVII) : 


(m)NO,*C,H,CH:CH-CO,H —> NH,-C,H,-CH:CH-CO,H —> 


(LIII.) (LIV.) 
OH:C,H,CH:CH:CO,H —> OMe-C,H,-CH:CH:CO,H —> 
(LV.) (LVI.) 
OMe:C,H,°CH,*CH,°CO,H —> OMe-C,H,:CH»*CH,COCI 
(LVII.) (LVIIL.) 


It will be evident that the chloride (LVIII) of this acid might 
give rise either to 5-methoxy- or 7-methoxy-l-hydrindone (LIX 
or LX) when internally condensed by means of aluminium chloride. 
Actually the condensation gave an excellent yield of a single 
methoxy-ketone together with a phenolic by-product consisting 
of two isomeric substances which were readily identified as 
j-hydroxy-1-hydrindone (LXI) and 7-hydroxy-1-hydrindone (LXII), 
both of which have been described by Auwers and Hilliger (Ber., 
1916, 49, 2410). The methoxy-ketone was readily identified as 
5-methoxy-l-hydrindone (LIX) by preparing it from 5-hydroxy- 
l-hydrindone by methylation with methyl sulphate in alkaline 
solution. Furthermore, the methoxy-ketone on oxidation by 
means of chromic acid yields a methoxyhomophthalic acid (compare 
p. 1476) together with 4-methoxyphthalic acid, which has previously 
been characterised. 


CH, CH, CH, CH, 
A PPX Y/N. ANA 
mer YY cn, ( { cH, 2 Y om, { | Ge, 
we” NPA Wee” Nae 

CO MeO CO CO HO CO 
(LIX.) (LX.) (LXI.) (LXII.) 


At this point in the general investigation it became evident 
that, whilst the first series of experiments, starting from hydrind- 
amine and hydrindone, was leading mainly to | : 6-derivatives, 
the 1:4-isomerides being produced in small amount only, the 
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second series, starting from m-nitrocinnamic acid, was leading 
mainly to 1: 5-disubstituted indanes, and only to a small olan 
to the 1: 7-isomerides. This at once settled the question as to the 
orientation of the isomeric hydrindamines which were to be syn. 
thesised for conversion into possibly identical indenes, and it was 
decided now to employ the information which had been gained 
regarding the synthetic methods available for the preparation of 
1 : 5- and 1 : 6-disubstituted indanes in order to complete the syn. 
thesis of a pair of isomeric 5- and 6-substituted hydrindamines, 
The starting points selected were the representative in each series 
which had been found to be easily obtainable in the pure condition 
and in large quantities, namely, 5-methoxy-l-hydrindone (LIX) 
and 6-amino-l-hydrindone (XLIV). 

The conversion of 5-methoxy-l-hydrindone into 5-methoxy. 
1-hydrindamine (LXIV) was readily accomplished by reducing the 
oxime (LXIITI) with sodium amalgam and acetic acid : 


CH CH, CH 
Pf, T70% \“\ \ 
MeOf N” ‘ory MeO (on, MeO, ( vn, 
te A Pi WO 
C:NOH CH:NH 
(LIX.) (LXIII.) (LXIV.) 


6-Amino-l-hydrindone was now converted into 6-methoxy.- 
1-hydrindamine (LX VIII) in the following steps. The amino-ketone 
was first diazotised under conditions carefully regulated so as to 
avoid the introduction of an oximino-group into position 2, and the 
6-hydroxy-l-hydrindone (LXV) thus obtained methylated with 
methyl sulphate. The methoxy-ketone (LX VI) was then converted 
into the methoxy-ketoxime (LXVIT), which, on reduction, yielded 
6-methoxy-1-hydrindamine : 


CH, CH, 
' Wes ; 
(LXV.) Hol de Pa an Meo, | OF (LXVI.) —> 
> CO 
CH, CH, 
(LXVIL) ( a= _— 4 5 CH, (LXVIIL) 
x ' >. ; 
Me 2” MeO 2 
i pe a i 
(“NOH GH-NH, 


It need scarcely be said that the two methoxyhydrindamines 
(LXIV and LXVIII), as well as the methoxy-ketoximes, the 
methoxy-ketones, and the hydroxy-ketones of the 5- and 6-sub- 
stituted series, were found to be different from one another. Never- 
theless, the two methoxyhydrindamines, when converted into 
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their salts, readily lost ammonia, yielding the same methoxy- 
indene (LXIX or LXX): 


CH, CH, 
ripe ogit: JPM PSS l 
(LXIV.) —> ~* | CH = OMe! | CH <— (LXVIIL.) 
\A\Z Ten alle 
CH CH 
(LXIX.) (LXX.) 


The formation of the indene takes place with quite remarkable 
ease. Thus the hydrochlorides of the two hydrindamines, on 
melting in the absence of any reagent, give an immediate precipitate 
of ammonium chloride, from which the indene may be removed 
by filtration or distillation. It was characterised by its boiling 
point, crystalline picrate, and crystalline dibromide. 

Plainly, therefore, the triad system in indene satisfies what we 
have called the symmetry test (test A) for mobility. It remains 
now to describe the experiments which have been carried out with 
a view to apply the fission test (B) and the substitution test (C). 

In the first place, it was anticipated (test B) that the indene on 
oxidation should give a mixture of 5-methoxy- and 4-methoxy- 
homophthalic acid (LX XIII and LX XIV) along with 4-methoxy- 
phthalic acid (LX XV). 


OMe/“ CH,-CO,H ( CH,-CO,H OMe/ 00,1 
oH OMe. co: CO,H 

4008 6 Aiks aK 
(LX XIIL.) (LXXIV.) (LXXV.) 


The experiment proved to be a difficult one, however, and although 
it was found possible to obtain a partly crystalline oxidation product 
by the use of cold dilute chromic acid, only two of the three acids 
mentioned above could be isolated in a condition of purity, namely, 
5-methoxyhomophthalic acid (LX XIII) and 4-methoxyphthalic 
acid (LXXV). A third acid appeared to be present, but it could 
not be freed from 4-methoxyphthalic acid. Since 6-methoxy- 
1-hydrindone (LX VI), which on oxidation by hot chromic acid would 
be expected (p. 1476) to yield the two acids (LX XIV) and (LXXV) 
as sole products, was found to yield a very similar mixture from 
which the phthalic acid (LX XV) alone could be isolated in a con- 
dition of purity, we are of the opinion that the homophthalic acid 
(LX XIV) is actually produced by oxidation of the indene, but that 
owing to its similarity in solubility to 4-methoxyphthalic acid, and 
also because the separation is rendered more difficult by the presence 
of large quantities of amorphous products, we were not able to 
isolate it from the somewhat limited quantity of material at our 
disposal. 
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The orientation of 5-methoxyhomophthalic acid (LXXIII) 
follows from the fact that this acid is produced along with 4-methoxy. 
phthalic acid (LXXV) by the action of hot chromic acid op 
5-methoxyhydrindene (LIX). 4-Methoxyphthalic acid has pre. 
viously been prepared and has been characterised by other workers, 

Experiments on the application of the substitution test (() 
yielded interesting results. One of the simplest ways of replacing 
the potentially mobile hydrogen atoms in the indene appeared to 
be to condense it with benzaldehyde, which, it was expected, would 
give rise to a mixture of two benzylideneindenes (LX XVI and 
LXXVII), or, possibly, the hydroxybenzyl derivatives of these 
substances (Thiele and Biihner, Annalen, 1906, 347, 268) namely, 
the compounds (LX XVIII) and (LX XIX) : 


C:CHPh C:CHPh 
may sa eg PFS . 
(LXXVI.) | | CH OMel | CH (LXXVII.) 
FV i dla ol 
CH CH 
C:CHPh C:CHPh 
a /\/\ 
(LXXVIII.) | CH | | CH (LXXIX.) 
\A OMe. J 
C-CHPh:-OH C-CHPh-OH 


Actually a mixture of two substances corresponding in composition 
with the compounds (LX XVIII) and (LX XIX) was obtained, but in 
this case also, owing to the similar solubilities of the compounds, it 
was found possible to isolate only one of them in the pure condition. 

When benzaldehyde was replaced by piperonal a mixture was 
obtained which was readily separated by fractional crystallisation 
into two pure constituents, doubtless represented by the two 
formule (LXXX) and (LX XXI), together with a mixture of less 
fusible substances having the composition of the compounds 
(LXXXIT) and LX XXIII), one of which was isolated in a state of 
purity.* 


C:CHX C:CHX C:CHX C:CHX 
OMe” ¥: ie ( 1 “iw OMe/~ +f ‘ / ¥ > 
OMe OMe 
AZ Vr We \4A\4 
CH G-CH(OH)X G-CH(OH)! 
(LXXX.) (LXXXI.) (LXXXII.) (LX XXIII.) 


X denotes *CgH,-.0,-CHg. 


* Geometrical isomerism has never been previously observed amongst 
alkylideneindenes, and therefore it is very improbable that it is the cause 
of the formation of the pairs of isomerides mentioned. 


XIII) 
hoxy. 
id on 

pre- 
rkers, 
t (C) 
lacing 
ed to 
vould 
and 
these 
nely, 


11.) 


SYMMETRICAL TRIAD SYSTEMS. PART II. 1483 


From these experiments, it follows that the three-carbon system 
in the indene nucleus is a mobile system, and, since it satisfies 
the test of symmetry, of substitution, and in all probability that 
of fission also, it must be regarded as in every way comparable 
with the mobile systems present in benziminazole and azimino- 
benzene, the evidence now provided being strictly parallel to that 
supplied by O. Fischer in the one case, and by Griess and Zincke 
in the other. 


ExPERIMENTAL. 


1-Hydrindone (XXIX).—The 1-hydrindone required for these 
experiments was prepared from {-phenylpropionyl chloride by 
internal condensation in the presence of aluminium chloride. The 
improved modification (Ingold and Thorpe, T., 1919, 115, 149) of 
the original process described by Kipping (T., 1894, 65, 4) was 
closely adhered to excepting in the following respect. It was found 
that by employing very finely ground aluminium chloride, instead 
of the ordinary form, the production of ketone took place almost 
quantitatively and in the course of afew seconds. It was necessary 
to use a large flask in order to prevent loss of material during the 
very sudden evolution of hydrogen chloride. On adding ice, a 
large proportion of the 1-hydrindone formed crystallised, but it 
was found convenient to isolate the whole together by extraction 
with ether, from which on evaporation it was obtained in a very 
pure form, so that purification by the tedious process, hitherto 
used, of distilling in steam was unnecessary. The average yield 
was 90 per cent. of the theoretical. 

1-Hydrindamine (XXVIII).—The hydrindamine required was 
prepared by reduction of 1-hydrindoxime exactly as described by 
Kipping and Revis (T., 1897, 71, 250). 


(A) 4- and 6-Substitution Products of 1-Hydrindamine and 

1-Hydrindone. 

Nitration of 1-Hydrindamine.—This was best carried out by decom- 
posing hydrindamine nitrate with cold concentrated sulphuric 
acid. 

1-Hydrindamine Nitrate—An aqueous suspension of 1-hydrind- 
amine was exactly neutralised with dilute nitric acid, and the 
solution evaporated to dryness. The product separated from 
water in colourless needles, m. p. 135—138° (decomp.). 

6-Nitro-1-hydrindamine (XX XIII).—The nitrate (11 grams) was 
very gradually stirred in to 25 c.c. of concentrated sulphuric acid 
at —5° to 0°. (The addition of this quantity should occupy not 
less than thirty-five minutes, since, if it is performed too rapidly, 
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much decomposition will occur.) The mixture was kept for q 
further thirty minutes at —10° to —5°, allowed to warm to 0°, 
and poured into 80 ec.c. of ice-water, from which, on standing, 
6-nitro-l-hydrindamine sulphate crystallised in aggregates of 
minute needles. These were separated and decomposed with 
sodium hydroxide, which precipitated the free base as an oil, which 
rapidly solidified and on crystallisation from very dilute alcohol 
yielded very pale yellowish-green laminz, m. p. 40°. These, on 
keeping in the atmosphere for a short time, became opaque and 
then melted at 50—55°. The crystals were therefore dehydrated 
in an evacuated desiccator over potassium hydroxide, and the 
anhydrous material crystallised from dry ether, from which it 
separated in colourless, elongated prisms, m. p. 60—61° (Found: 
C = 60°35; H=60. C,H, .0,N, requires C = 60°64; H = 5:66 
per cent.). A further quantity was obtained, mixed with a little 
hydrindamine hydrochloride, by decomposing the mother-liquors 
with the theoretical amount of barium chloride, filtering from the 
precipitated barium sulphate, and evaporating the filtrate to dry- 
ness. The solid residue, on a single crystallisation from water, 
deposited the hydrochloride of the nitro-base in a state of purity. 
The total yield was 85 per cent. of the theoretical. 

The substance melting at 40° appeared to be an unstable hydrate, 
The actual melting point varied with the proportion of alcohol in 
the solvent, and only when much water was present was a well- 
defined substance obtained. 

The acetyl derivative (XXXIV) was prepared by shaking a sus- 
pension of the base in aqueous sodium hydroxide with a small 
excess of acetic anhydride. It separated from alcohol or dilute 
acetic acid in small, colourless needles, m. p. 180° (Found: C= 
59°99; H= 5°49. C,,H,,0,N, requires C = 59°92; H = 549 
per cent.). 

1-Acetylaminoindane (Acetylhydrindamine) (XXXI).—This sub- 
stance was prepared from hydrindamine exactly as in the case 
of the above nitro-derivative. It separated from dilute alcohol or 
dilute acetic acid in colourless prisms, m. p. 120° (Found : C = 75°39; 
H=777. C,,H,30N requires C = 75°38; H = 7°48 per cent.). 

Nitration of Acetylhydrindamine.—The acetyl derivative (3 grams) 
was added gradually to 25 c.c. of fuming nitric acid at 10°, and the 
solution kept for ten minutes and then poured into 150 c.c. of cold 
water. On adding excess of sodium hydroxide, the nitroacetyl- 
amino-compound slowly separated in a yield (3:1 grams) amounting 
to 82 per cent. of the theoretical. It crystallised from alcohol 
in colourless needles, m. p. 180°, and was easily identified as the 
6-nitroacetyl compound (XXXIV) described above (Found: 
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(= 59°75; H = 5°58 per cent.). No other isomeride appeared 
to be present in the crude nitration product. 

6-Amino-l-hydrindamine (XXXV).—6-Nitro-l-hydrindamine (2 

ms) was dissolved in a solution of stannous chloride (8 grams of 
§nCl,,2H,O in 8 c.c. of hydrochloric acid). The reduction occurred 
with rise of temperature, and was completed by heating the solution 
to its boiling point. After cooling, the solution was diluted to 
150 c.c. and the tin removed as sulphide. The filtered solution, 
on evaporation, left a very soluble crystalline hydrochloride, which 
on treatment with 50 per cent. aqueous potassium hydroxide 
yielded a colourless, crystalline base. This could not be satisfac- 
torily crystallised, and therefore was characterised by conversion 
into its diacetyl derivative, m. p. 225°, which was found to be 
identical with the 1 : 6-diacetyl derivative described on p. 1491. 

Nitration of 1-Hydrindone.—1-Hydrindone can be mononitrated 
by means of fuming nitric acid (d 15), but the product is contamin- 
ated by tarry substances, which render purification very difficult. 
However, by using potassium nitrate and sulphuric acid under the 
conditions described below, the reaction can be caused to proceed 
smoothly and without the formation of tars. 

Potassium nitrate (10 grams), dissolved in 30 c.c. of concentrated 
sulphuric acid, was added in small portions at short intervals to 
asolution of 12 grams of 1-hydrindone in 100 c.c. of sulphuric acid, 
previously cooled to 0°. During the nitration the temperature 
usually rose to about 5°, but its exact regulation did not appear 
to be a matter of importance, provided that at no time did it rise 
above 15°. Nitrations carried out at —15° to —10°, 0° to 5°, and 
10° to 15° gave similar and equally satisfactory results. After the 
addition of the nitrate had been completed, the flask containing 
the mixture was kept in ice for an hour. The contents were then 
poured on to crushed ice and the nitro-ketones were collected by 
filtration after the excess of ice had melted. 

For the separation of the two nitro-ketones, m. p. 74° and 77°, 
the dried product of several nitration experiments was extracted 
with successive quantities of about 2°5 litres of boiling light petroleum 
(b. p. 5|0—60°). The first few extracts contained nearly the whole 
of the less fusible substance, and, on cooling, deposited a mixture 
of the two isomerides, whilst the mother-liquors, on evaporation, 
yielded the less fusible nitrohydrindone in an almost pure condition. 
It was finally purified by crystallisation from ethyl alcohol. The 
later petroleum extracts contained principally the more fusible 
nitrohydrindone and deposited this substance on cooling. The 
first crops of crystals from the earlier extracts and the residues 
obtained from the mother-liquors of the later extracts were then 
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combined and subjected to a similar process of separation. The 
progress of the separations was readily followed by inspection 
owing to the characteristic and widely differing appearance of the 
two isomerides. 
6-Nitro-1-hydrindone (XX XVII).—This substance separates from 
light petroleum, alcohol, or ethyl acetate in large, thin leaflets, 
Very occasionally, however, it separates from light petroleum in 
slender, silky needles, which mat together, giving the substance 
the appearance and texture of glass wool. These two crystalline 
forms give identical solutions, and each, as well as a mixture of the 
two, melts at 74°. Further fractional crystallisation and regenera. 
tion from the oxime and semicarbazone do not change this melting 
point. The substance is rather sparingly soluble in light petroleum, 
but readily soluble in methyl alcohol, ethyl alcohol, or ethy] acetate, 
and very soluble in ether, benzene, or chloroform. It is very 
slightly soluble in water, but the solubility is not increased by adding 
sodium carbonate or sodium hydroxide, although, after a short 
time in the cold, and almost immediately on warming, decomposition 
sets in with the formation of tarry matter. The nitro-ketone is 
also unstable towards acids. It dissolves in concentrated sulphuric 
acid, giving a deep yellow solution from which the unchanged 
nitro-ketone may be recovered by adding water at once; on keeping 
for a few hours, however, a crystalline but complex and very 
insoluble substance, probably of the anhydrobishydrindone type, 
separates. The same or a similar substance is obtained if the nitro- 
ketone is boiled with concentrated hydrochloric acid for a few 
minutes, or if it is heated at 180° with 1 per cent. phosphoric acid. 
Heating with water alone in a glass tube causes the formation of 
tars, probably owing to the action of the alkalis dissolved from the 
glass. The nitro-ketone may be heated at 160° for ten minutes 
with 1 per cent. phosphoric acid and may be boiled for the same 
length of time with 10 per cent. hydrochloric acid without any 
appreciable conversion into the insoluble compound. The nitro- 
ketone is considerably more soluble in hydrochloric acid than in 
water. It gives no coloration with aqueous-alcoholic ferric chloride 
(Found: C=610; H=42. C,H,O,N requires C = 61°; 
H = 4:0 per cent.). 

The oxime was prepared by mixing a solution of the nitro-ketone 
(1'5 grams) in 20 c.c. of absolute alcohol with hydroxylamine 
hydrochloride (0°7 gram), and sodium carbonate (0°5 gram) dissolved 
in 7 c.c. of water. Twenty-four hours later, the solution was 
mixed with twice its bulk of water, and the precipitated oxime 
collected, washed with cold water, dried, and purified by crystallisa- 
tion from ethyl acetate, from which it separated in prisms melting 
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at 193—195° (Found: N = 147. C,H,O,N, requires N = 14°6 
per cent.). 

When the purified oxime was dissolved in boiling 10 per cent. 
hydrochloric acid, the ketone quickly separated as an oil, which 
solidified on cooling. Without purification, it melted at 73—74°, 
and on crystallising from petroleum was obtained in the usual 
characteristic flakes, m. p. 74°. On reduction with zinc and acetic 
acid, the oxime yielded 6-amino-1l-hydrindone (p. 1488). 

The semicarbazone separated almost at once when an alcoholic 
solution of the ketone was mixed with an aqueous solution of semi- 
carbazide acetate. It was very insoluble and a solvent could not 
be found from which it could conveniently be crystallised, although 
it dissolved appreciably in boiling aniline. It was prepared for 
analysis by washing with boiling water and boiling alcohol (Found : 
N= 24:0. CyoH,0,;N, requires N= 23:9 per cent.). When 
heated, it decomposed, without melting, at about 240°. 

On boiling with a large excess of 10 per cent. hydrochloric acid, 
the semicarbazone dissolved, and although only a part of the ketone 
thus formed separated on cooling, by extracting with pure ether 
it was recovered almost quantitatively. Without purification, 
it melted at 72°5—74°, and after crystallisation from light petroleum, 
at 74°. 

2 : 2-Dibromo-6-nitro-1-hydrindone (XLIII)—The nitro-ketone 
(5 grams) was dissolved in 15 c.c. of chloroform and treated at 0° 
with 36 c.c. of a solution of bromine in chloroform (250 grams per 
litre), which was added drop by drop as decoloration took place. 
The first drop took an appreciable time to react, but afterwards 
decoloration was almost instantaneous until nearly four atoms of 
bromine had been added, at which point there was appreciable 
diminution in the speed of absorption. Throughout the process, 
except for a short time at the commencement, hydrogen bromide 
was evolved. On evaporation of the solvent, a solid residue was 
obtained which, after recrystallisation from alcohol or ethyl acetate, 
melted at 112°. The dibromo-compound forms large, stout, well- 
defined prisms which are very soluble in cold chloroform, but only 
sparingly soluble in ether, ligroin, or cold alcohol (Found : Br = 47°6. 
C,H;O,NBr, requires Br = 47‘7 per cent.). On oxidation with 
alkaline permanganate, it gives 4-nitrophthalic acid (p. 1499), and 
on reduction by tin and hydrochloric acid or by zinc and glacial 
acetic acid it is converted into 6-amino-l-hydrindone (p. 1488). 
No reduction takes place when it is warmed with sodium iodide 
and acetic acid, and it was not found possible to obtain 6-nitro- 
l-hydrindone by partial reduction. 

2-Oximino-6-nitro-1-hydrindene (X LI).—This substance was formed 
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with evolution of heat when concentrated hydrochloric acid (0:4 
gram) was added to a warm solution of 6-nitro-1-hydrindone 
(3 grams) and isoamy! nitrite (3 grams) in absolute ethyl alcohol 
(20 c.c.). The temperature of the liquid gradually rose to the boiling 
point and the oximino-compound crystallised from the boiling 
solution. After keeping at 0° for half an hour, it was collected 
and recrystallised for analysis from ethyl alcohol. The yield was 
80—90 per cent. of the theoretical (Found: N = 13°4. C,H,0,N, 
requires N=13°6 per cent.). 2-Oximino-6-nitro-1-hydrindone 
is moderately soluble in glacial acetic acid, sparingly soluble in 
cold alcohol, and only moderately soluble at the boiling temperature, 
It separates from alcohol in small, glistening plates, and from acetic 
acid in small, dense prisms which melt with decomposition at 
about 240°, the exact temperature depending on the rate of heating, 
With alkali hydroxides, it gives deep purple solutions which rapidly 
turn brown. The action of hydrochloric acid in the presence of 
formaldehyde is described below. 

6-Nitro-1 : 2-diketohydrindene (XLII).—One gram of the finely 
powdered oximino-compound (above) was suspended in 2 c.c. of 
40 per cent. formaldehyde and treated for two minutes with a rapid 
stream of gaseous hydrogen chloride, the tube containing the reac. 
tion mixture being immersed in water at 20°. The temperature 
of the suspension rose to 40°, whilst the suspended solid changed 
considerably in appearance. After keeping for a further two 
minutes, 4 c.c. of water were added, and the whole was cooled to 0° 
and filtered. The yield was 70—80 per cent. of the theoretical. 

6-Nitro-1 : 2-diketohydrindene is a pale orange-brown, crystalline 
powder (minute needles), which, on heating to about 150°, car- 
bonises and evolves gas. Although distinctly crystalline, and of 
homogeneous appearance under the lens, it does not separate well 
from the usual solvents. It is soluble in alkali hydroxides and 
carbonates, giving deep brown, unstable solutions which, on treat- 
ment with oxidising agents, yield amorphous products. Oxidation 
of the diketone itself by means of chromic acid leads to the formation 
of 4-nitrohomophthalic acid (Found: N = 8:1. C,H;0,N requires 
N = 7'3 per cent.). 

6-Amino-1-hydrindone (XLIV).—This substance has been pre- 
pared in the following ways : 

(i) Reduction of the crude nitration product of 1-hydrindone. A 
boiling solution of the crude mixture of nitro-compounds (42 grams) 
in 95 per cent. ethy! alcohol (150 c.c.) was treated with an alcoholic 
solution of stannous chloride, made by dissolving 168 grams of the 
dihydrate (SnCl,,2H,O) in a mixture of 160 c.c. of concentrated 
hydrochloric acid and 200 c.c. of 95 per cent. alcohol. The reducing 
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glution was added at such a rate that the heat evolved maintained 
the liquid just at the boiling point. After the addition was com- 
pleted, the solution was evaporated to 100 c.c., cooled, and the 
double tin salt which had separated collected and decomposed by 
dissolving in hot water and pouring into concentrated aqueous 
gdium hydroxide in sufficient excess to keep all the tin in solution 
assodium stannate. On cooling, a pale yellow substance separated 
which consisted essentially of 6-amino-l-hydrindone. This was 
collected by filtration, and the filtrate, which contained a mixture 
of the 6- and 4-amino-ketones, was worked up along with the aqueous 
alcoholic mother-liquors from the double tin salt. These were 
evaporated to small bulk, poured into an excess of concentrated 
sodium hydroxide, and, after combining with the other alkaline 
solution, extracted twenty times with an equal volume of ether. 

The ethereal solution was then extracted with successive small 
amounts of dilute hydrochloric acid, from which the free bases 
were subsequently precipitated by adding ammonia. The amino- 
ketone (15 grams) obtained from the crystallised tin salt consisted 
of almost pure 6-amino-l-hydrindone, and after crystallisation 
from alcohol melted at 171°. The base (6°5 grams) obtained from 
the ether extract was a mixture from which the same amino-ketone 
could be isolated by crystallising several times from alcohol. 

(ii) Reduction of 6-nitro-1-hydrindone. This reduction was carried 
out like the previous one. In this case, however, the base obtained 
from the ethereal extract, as well as that from the crystallised tin 
salt, consisted of almost pure 6-amino-1-hydrindone, the yield being 
70 per cent. of the theoretical. 

(iii) Reduction of 2 : 2-dibromo-6-nitro-1-hydrindone. A solution 
of stannous chloride (8°3 grams of SnCl,,2H,O) in a mixture of 
alcohol (16 ¢.c.) and concentrated hydrochloric acid (10 c.c.) was 
added drop by drop to a solution of the bromo-ketone (2°5 grams) 
in 30 c.c. of boiling absolute alcohol. ‘The resulting solution was 
evaporated almost to dryness, mixed with 10 c.c. of water, and 
poured into an excess of 30 per cent. aqueous sodium hydroxide. 
The base was extracted with ether, and then withdrawn from the 
ether by shaking with dilute hydrochloric acid, from which it was 
precipitated by the addition of ammonia. The yield of pure 
6-aminohydrindone was 80 per cent. of the theoretical. 

(iv) Reduction of 6-nitro-1-hydrindoxime. The oxime may be 
reduced to the amino-ketone by zinc dust and acetic acid, but the 
reduction is best effected by suspending the oxime (1 gram) in 20 
per cent. hydrochloric acid in which tin (2 grams) is allowed to 
dissolve, the base being isolated as in the experiments described 
above. 
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6-Amino-1l-hydrindone crystallises from water in deep yelloy, 
flattened needles, and from ethyl alcohol in leaflets melting at 
171°. Itis readily soluble in hot water or alcohol, but only sparingly 
soluble in cold water or ether. Dilute solutions in ether and iy 
alcohol show a marked green fluorescence (Found: C= 72+. 
H=62; N=96. C,H,ON requires C = 734; H=61; N= 
9°5 per cent.). 

The acetyl derivative was prepared by warming the base (03 
gram) with acetic anhydride (2 c.c.) until the yellow colour had 
vanished and a clear solution was obtained. On cooling, this 
deposited crystals of the acetyl compound, which was collected 
and purified by crystallisation from water. It separated in small, 
colourless leaflets, m. p. 178°, which aggregated to nodular masses 
(Found: C=699; H=60. (©,,H,,0,.N requires C = 69°; 
H = 5°9 per cent.). 

The semicarbazone of the aminohydrindone was prepared by mixing 
an alcoholic solution of the ketone with an aqueous solution of 
semicarbazide acetate. After half an hour, the precipitate was 
collected and crystallised from boiling aniline, from which small, 
colourless flakes separated on cooling. The semicarbazone is in- 
soluble in the usual organic solvents, and on heating decomposes, 
having no definite melting point (Found: N = 27:2. C,9H,,0N, 
requires N = 274 per cent.). 

6-Acetylamino-1-hydrindoxime (XLVI).—The acetylamino-ketone 
(3 grams) was dissolved in ethyl alcohol (20 c.c.) and the solution 
mixed with aqueous hydroxylamine hydrochloride (1°5 grams in 
4 c.c. of water) and then with 12 c.c. of 2N-sodium carbonate 
solution. The next day the crystals which had separated (27 
grams) were collected, and the filtrate was evaporated to dryness. 
The residue, having been washed with a small amount of water to 
dissolve out the inorganic salts, yielded a further 0°4 gram of the 
oxime, the total yield amounting to 3°1 grams, that is 96 per cent. 
of the theoretical. 

The oxime is sparingly soluble in water, alcohol, ethyl acetate, 
or acetone, but dissolves readily in hot glacial acetic acid, from 
which it separates on cooling in small, colourless prisms, m. p. 
225—228° (decomp.) (Found: C= 649; H=62. C,,H,,0,N, 
requires C = 64°7; H = 5°9 per cent.). 

6-Acetylamino-1-hydrindamine (XLVII).—The oxime (20 grams) 
was dissolved in 200 c.c. of hot glacial acetic acid, and the solution 
mixed with 200 c.c. of hot water and treated with 1°5 kilos. of 4 
per cent. sodium amalgam, which was added in such a way that the 
heat developed during the reduction maintained the temperature. 
When the reaction was completed, the mercury was separated and 
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washed with water, and the combined aqueous solutions diluted 
to 1 litre, nearly neutralised with concentrated sodium hydroxide, 
and then cooled to 0°. An excess of sodium hydroxide was added 
and the solution vigorously shaken for a few minutes to coagulate 
the precipitate, which was then collected and dissolved in hot water, 
from which the base crystallised on cooling. A further quantity 
was obtained in the form of its hydrochloride by extracting the 
aqueous mother-liquors with ether, and then re-extracting from the 
ether by means of hydrochloric acid. 

The free base crystallises from warm water in colourless, glisten- 
ing lamin, m. p. 65°, containing two molecules of water of crystal- 
lisation (Found: C = 583; H=7-7. (C,,H,,ON,,2H,O requires 
(= 584; H=8-0 per cent.). The anhydrous base may be 
obtained by drying the crystallised substance first for twenty-four 
hours in an evacuated desiccator, and then to constant weight in 
the steam-oven. It separates from acetone in stout, pale yellow 
prisms, m. p. 160°. The hydrochloride of the base crystallises 
from water in compact, highly refracting, colourless prisms. 

The acetyl derivative (XLVIII), prepared by the action of acetic 
anhydride on the anhydrous base, separated from dilute acetic acid 
in colourless needles, m. p. 225° (Found: C = 676; H = 6°98. 
C,3H,,0.N, requires C = 67:2; H = 6°95 percent.). It was found 
to be identical with the substance prepared from hydrindamine by 
nitration, followed by reduction and subsequent acetylation (p. 1485). 

6-Acetylamino-1-hydrindylirimethylammonium Iodide, 


CH,——— 
NHAc-CpH3< cu tNMe,1)> CH 


—A solution of 5°7 grams of 6-acetylaminohydrindamine in 10 c.c. 
of methyl alcohol was treated successively with 3°4 grams of 
potassium hydroxide dissolved in 100 c.c. of methyl alcohol, and 
with 6 c.c. of methyl iodide. A vigorous reaction ensued, during 
the course of which potassium iodide separated, and after five 
minutes the solution was filtered. The filtrate gradually deposited 
crystals of the quaternary iodide, a further quantity of which was 
recovered from the mother-liquors by fractionally crystallising 
from methyl alcohol the residue obtained on evaporation. The 
iodide separates from methyl alcohol in colourless prisms, m. p. 
201° (Found: I = 34°9. C,,H,,ON,I requires I = 35°3 per cent.). 

The quaternary hydroxide is not produced by the action of 
aqueous alkalis on the iodide, and it is necessary to use silver oxide. 
On heating, this substance appears to give a small yield of the 
acetylaminoindene (m. p. 135°), but by far the greater portion is 
converted into substances of high molecular weight which have not 
yet been closely examined. 
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6-Hydroxy-1-hydrindone (LXV).—This substance was prepared by 
diazotising 6-amino-l-hydrindone, dissolved in 2°5 equivalents of 
2N-sulphuric acid, with the theoretical quantity of sodium nitrite 
solution, and heating the product at 100° until nitrogen ceased to 
be evolved. The solution, which while still hot was filtered from 
the chocolate-coloured precipitate which had formed, on cooling 
deposited a portion of the hydroxy-ketone, and the remainder was 
extracted with ether. It was purified by recrystallisation from 
water, from which it separated in rosettes of slender, yellow needles, 
melting at 151—153° (Found: C=725; H=53. C,H,0, 
requires C = 72°9; H = 5:4 per cent.). It gives a violet colour 
with aqueous alcoholic ferric chloride. 

When preparing large quantities of this substance, it is un- 
necessary to isolate either pure 6-nitrohydrindone or pure 6-amino- 
hydrindone. The crude mononitration product of 1-hydrindone is 
reduced, and the double tin salt of the base collected and diazotised. 
One crystallisation from alcohol is sufficient to purify the hydroxy- 
ketone, 22 grams of which may thus be very quickly obtained from 
100 grams of 1-hydrindone. 

6-Methoxy-1-hydrindone (LXVI)— The hydroxy-ketone (22 
grams) was dissolved in 200 c.c. of 2N-sodium hydroxide and 
treated with four successive portions, each of 5 c.c., of methyl 
sulphate, the mixture being vigorously agitated after each addition. 
The liquid quickly became filled with yellow leaflets of the methoxy- 
compound, which was collected after cooling to 0°, and crystallised 
from 95 per cent. alcohol, from which it separated in bright yellow, 
glistening laminz, m. p. 109°. The yield was 21 grams, that is, 
80 per cent. of the theoretical (Found: C = 74:16; H = 6:29. 
C19H 490, requires C = 74°04; H = 6:22 per cent.). 

6-Methoxy-1-hydrindoxime (LXVII)—The ketone (5 grams), 
dissolved in alcohol (10 c.c.), was treated with a solution of hydroxyl- 
amine hydrochloride (4 grams) in 5 c.c. of 90 per cent. alcohol and 
to the hot solution 8 c.c. of 40 per cent. potassium hydroxide were 
added. ‘The oxime, which separated at first as an oil, was caused 
to solidify by shaking, and, after cooling, was collected, washed, and 
crystallised from alcohol, from which it separated in long, pale 
yellow needles, m. p. 133° (Found: C= 67°35; H = 6:33. 
C,9H,,0,N requires C = 67°75; H = 6°26 per cent.). 

A remarkably stable molecular compound, containing one molecule 
of the ketone and one of its oxime, was obtained when the ketone 
was treated with 1°5 molecules of hydroxylamine hydrochloride and 
excess of sodium carbonate according to the usual method of pre- 
paring oximes. This substance separated from alcohol in bright 
yellow needles, m. p. 90° (Found: C= 70°73; H = 633. 
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(ygHo104N requires C = 70°90; H = 6°24 per cent.), and did not 
appear to be capable of resolution into its components by fractional 
qystallisation from solvents, although treatment with excess of 
hydroxylamine hydrochloride and boiling alkali converted it into 
the oxime mentioned above. 

6-Methoxy-1-hydrindamine (LXVIII).—The above oxime (6 
grams) was dissolved in glacial acetic acid (60 c.c.) and water added 
until a faint precipitate appeared. Sodium amalgam (3°5 per cent.) 
was then added at such a rate that the heat developed during the 
reduction maintained a fairly brisk action. When hydrogen began 
to be evolved, the reaction was completed by heating, and the 
mercury then removed. The aqueous liquid was made strongly 
alkaline at 0° with concentrated potassium hydroxide solution and 
extracted with ether, the base being re-extracted from the ether with 
dilute hydrochloric acid. A large proportion of the hydrochloride 
separated from the acid solution, and the remainder was recovered 
by evaporation of the mother-liquors in a vacuum. 

The hydrochloride separates from methy] alcohol in short, colourless 
prisms, which melt at 250° with sudden decomposition (Found : 
Cl = 17°65. CygH,,ONCI1 requires Cl = 17°7 per cent.). 

The acetyl derivative, which is precipitated when an aqueous 
solution of the hydrochloride is made strongly alkaline and shaken 
with acetic anhydride, crystallises from water containing a little 
alcohol in long, slender needles, m. p. 130° (Found: C = 69°81; 
H= 7°44. C,,H,;ON requires C = 70°20; H = 7°37 per cent.). 

The molecular compound (m. p. 77°) of 6-nitrohydrindone and 
4-nitrohydrindone, which occurs along with 6-nitrohydrindone 
in the crude nitration product of l-hydrindone (p. 1485), 
separates from light petroleum, ethyl alcohol, or ethyl acetate in 
colourless prisms, m. p. 77° (Found: C=609; H= 42. 
C,H,O,N requires C = 61:°0; H = 4-0 per cent.). Its solubility 
generally resembles that of 6-nitrohydrindone, but it is more 
soluble in most solvents, the difference being most marked in 
the case of light petroleum. Like the 6-nitro-compound, its 
solubility in water is not increased by the addition of sodium 
carbonate or sodium hydroxide, although after a time the production 
of tarry material begins to be appreciable. It does not give a 
coloration with aqueous alcoholic ferric chloride. With acids, it 
reacts similarly to the 6-nitro-compound, but is noticeably more 
stable; for instance, it may be heated at 185° with 1 per cent. 
phosphoric acid for twenty minutes—treatment which completely 
converts the 6-nitro-compound into insoluble substances and 
carbonaceous material. Its remarkable stability is shown by the 


following experiments : 
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(a) Examination under the microscope showed that it was 
crystallographically homogeneous, and quite different in appearance 
and crystalline form (prisms) from the 6-nitroketone (thin laminz), 

(6) On successive fractional crystallisation from light petroleum, 
ethyl alcohol, and ethyl acetate, these solvents being taken in any 
order, the melting point remained quite sharp and showed no 
tendency to change from its original value (77°). Although this 
melting point is near that of 6-nitrohydrindone (74°), a small amount 
of either ketone added to a preparation of the other caused a 
marked depression of melting point, and a mixture of about equal 
quantities of the two melted at 55—58°. 

(c) A considerable bulk of the pure ketone (m. p. 77°) was fused 
and allowed gradually to solidify, the crystals being separated from 
time to time in such a way as to divide the whole material into a 
number of fractions of comparable size. Each of these, as well as 
mixtures of them, melted sharply at 77°. 

Admixture with 6-nitrohydrindone depressed the melting point, sad 
but not with the original specimen of the molecular compound itself. | ‘py, 

(d) The oxime (below), which was formed in almost quantitative 
yield, and melted, before recrystallisation, at 179—181° (when Th 
quite pure, it melts at 181°), depressed the melting point of the 
oxime of the 6-nitroketone, and on hydrolysis with mineral acids } 4, ¢ 
gave back the original ketone, which, without recrystallisation, ] j, 4, 
melted at 76—77°, and was identified as the molecular compound § ajoy 
(m. p. 77°) by a mixed melting point determination. erys 

(e) The semicarbazone (below) was crystallised from glacial 2 
acetic acid, in which the semicarbazone of 6-nitrohydrindone is | jot, 
almost insoluble. No trace of any less soluble semicarbazone could § yt} 
be detected, and the crystallised substance on hydrolysis by acids § gee, 
yielded the ketone, m. p. 77°, in the pure condition. spor 

(f) The oxime was separated into four fractions, all melting J (hi 
between 179° and 181°, by crystallisation from ethyl acetate. The (10 
ketone was regenerated from each of those separately, and the J dep 
substances obtained from the first and third fractions of the oxime J p,. 
further subdivided by fractional crystallisation from alcohol. 9 
Every fraction, and all mixtures of them, melted at 77° or 76—77° | +}, 
and showed no depression of melting point when mixed with a | gq 
specimen from the stock of the original ketone, but, on the other (m. 
hand, gave a marked depression with 6-nitrohydrindone. on. 

(g) The ketone (m. p. 77°) was treated with enough semi- } aj; 
carbazide acetate to combine with half of it. The unchanged Ff go 
ketone was separated from the semicarbazone with the help of | oe 
chloroform (this operation was quantitative, the semicarbazone | ¢; 
being quite insoluble), and was identified as the pure ketone (m. p. | 4.y 
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7°). The semicarbazone was then hydrolysed with hydrochloric 
aid, and the recovered ketone identified as the same pure ketone 
(m. p. 77°). Both specimens melted sharply, alone or in admixture. 

(4) A similar experiment on oxime formation, using half an 
equivalent of hydroxylamine, gave a precisely similar result. 

The oxime was prepared like that of 6-nitrohydrindone (p. 1486), 
and purified by crystallisation from ethyl acetate, from which it 
separated in long, colourless needles, m. p. 181° (Found : C = 56-0; 
H=4'6. C,H,O,N, requires C = 56:2; H = 4:2 per cent.). It 
rapidly dissolves in boiling 10 per cent. hydrochloric acid, from 
which part of the regenerated ketone separates as an oil while still 
hot, and the remainder in the crystalline form on cooling. It may 
be collected by filtration, or extracted with chloroform. 

The semicarbazone was prepared like that of 6-nitrohydrindone, 
and crystallised from glacial acetic acid, from which it separated in 
short, hard prisms, which on heating decomposed (Found : C = 51°4; 
H=4°6. ©, 9H,90,N, requires C = 51°3; H = 4°3 per cent.). 

The regeneration of the ketone was accomplished as in the 
instance previously described (p. 1487). 

The p-nitrophenylhydrazone was obtained by allowing the ketone 
to react with p-nitrophenylhydrazine in boiling alcoholic solution 
for three minutes. After cooling, the hydrazone slowly crystallised 
in rosettes of small, yellow needles, which decomposed on heating 
above 200°. It was too insoluble in the usual solvents to be re- 
crystallised conveniently. 

2: 2-Dibromo-4-nitro-l-hydrindone (L).—Four grams of the 
ketone, m. p. 77°, were dissolved in chloroform at 9° and titrated 
with a 25 per cent. solution of bromine in chloroform until immediate 
decoloration ceased. The quantity of bromine absorbed corre- 
sponded with 4°15 atoms. The solid which remained after the 
chloroform had been evaporated was dissolved in hot ethyl acetate 
(10 c.c.) and allowed to crystallise until about one-fourth had been 
deposited. This was collected and again crystallised (Found : 
Br = 47°7. C,H;O,NBr, requires Br = 47-7 per cent.). 

2: 2-Dibromo-4-nitro-l-hydrindone separates from alcohol or . 
ethyl acetate in long, thin, blades, which melt at 140°. It is con- 
siderably less soluble in organic solvents than its 6-nitro-isomeride 
(m. p. 112°), which may be isolated from the mother-liquors obtained 
on crystallising the crude bromination product. On oxidation with 
alkaline permanganate, it gives 3-nitrophthalic acid. Aqueous 
sodium iodide acidified with acetic acid does not reduce it, but by 
means of stannous chloride and hydrochloric acid the amino-ketone 
can be obtained (below). It was not found possible to obtain 


4-nitro-1-hydrindone by partial reduction of the bromonitro-ketone. 
3 E* 2 
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4-Amino-1-hydrindone (LII).—This substance has been prepared 
in the following ways : 

(i) Reduction of the crude nitration product of 1-hydrindone. The 
manner of conducting this experiment has already been described 
(p. 1488). The 4-amino-ketone was isolated from the more soluble 
portion of the base obtained from the ether extract, and was purified 
by crystallisation from ether. The separation of the last trace of 
the 6-amino-ketone was attended with some difficulty. 

(ii) Reduction of the molecular compound, m.p.77°. This reduction 
was conducted like the previous one and the products were separated 
in the same way. The yield of the 6-amino-ketone was about 40 
per cent., and a comparable quantity of the 4-amino-ketone appeared 
to be present, although it could not all be separated in the pure 
condition. 

(iii) Reduction of 2: 2-dibromo-4-nitro-1-hydrindone. This ex. 
periment was carried out like the reduction of the 2 : 2-dibromo-6- 
nitro-ketone (p. 1489), excepting that it was found advisable, owing 
to the instability of the 4-amino-ketone, to isolate the double tin 
salt by evaporating the solution to small bulk after the reduction 
had been completed. This was then decomposed by sodium 
hydroxide, and the precipitated base collected (0°4 gram from 1'8 
grams of dibromo-ketone), a further quantity being obtained by 
working up the alkaline mother-liquors and the filtrate from the tin 
salt as described on p. 1489. The 4-amino-ketone was isolated in the 
pure condition by crystallisation from hot water. 

(iv) Reduction of the oxime of the ketone, m. p. 77°. This reduction 
was carried out like the one described on p. 1489, the products being 
separated as indicated above. 

4-Amino-l-hydrindone crystallises from water in thin, very pale 
yellow laminz melting at 125°. It is moderately soluble in water, 
ether, alcohol, or benzene, from any of which it can conveniently 
be crystallised (Found: C= 735; H=6-2. C,H,ON requires 
C = 734; H = 6:1 per cent.). An attempt to prepare the corre- 
sponding hydroxyhydrindone by diazotisation led to the production 
of tarry substances. 

The acetyl derivative, prepared like the isomeric acetyl derivative 
mentioned on p. 1490, separated from alcohol in- minute, colour- 
less needles, which melted at 143—145°. It is more soluble in 
water or alcohol than the isomeride of melting point 178°. 


(B) Orientation of 4- and 6-Substituted Hydrindamines and 
Hydrindones. 
Hydrindone may be oxidised by means of alkaline permanganate 
to phthalic acid, but by using chromic acid under carefully regulated 
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conditions homophthalic acid may be made to become the principal 
product. The method is a very convenient one for preparing this 
acid in quantity. 

Homophthalic Acid (XX XVIII).—The 1-hydrindone (18 grams) 
yas added to 800 c.c. of a boiling solution of chromic acid, made by 
dissolving 300 grams of chromium trioxide and 250 c.c. of concen- 
trated sulphuric acid in 3000 c.c. of water. Reduction of the 
chromic acid took place at once and the heat developed kept the 
liquid boiling vigorously for about two minutes, during which the 
fask was continuously shaken. Heat was applied for a further 
two minutes, and the solution was then allowed to cool. After 
the homophthalic acid which had crystallised (12 grams) had been 
sparated, the liquid was extracted with ether and the acid removed 
fom the extract by shaking with a small amount of concentrated 
aqueous sodium hydroxide, from which, on subsequent acidification, 
afurther quantity crystallised (5 grams). Re-extracting the mother- 
liquors with ether yielded a further 2 grams. Crystallisation of 
the combined crops from hot water gave 17 grams of pure homo- 
phthalic acid and a small amount (less than 1 gram) of phthalic 
acid. 

4-Nitrohomophthalic acid (XL).—This substance was obtained 
by direct nitration of homophthalic acid, by oxidation of the 
nitrohydrindones, and by oxidation of 6-nitro-1 : 2-diketo- 
hydrindene. 

(i) Nitration of homophthalic acid. ‘Two grams of homophthalic 
acid were dissolved in 16 grams of fuming nitric acid (d 1°5) at 
the ordinary temperature. After keeping for two hours, the 
solution was diluted with an equal bulk of water and allowed to 
erystallise. The solid which separated was collected, and was 
found to consist of pure 4-nitrohomophthalic acid (Found: C = 
480; H = 3-2. Cale.,C = 48:0; H = 3:1 per cent.). 

(ii) Oxidation of 6-nitrohydrindone.: (a) The ketone (1°5 grams) 
was added to 60 c.c. of a solution of chromic acid, made by dis- 
solving 20 grams of potassium dichromate and 18 c.c. of concen- 
trated sulphuric acid in 100 c.c. of water. The whole was heated 
over a free flame until the ketone had completely disappeared and 
then on a steam-bath for thirty minutes. The cooled solution was 
shaken with ether, and the acid products were extracted from the 
ether with aqueous sodium carbonate. On adding hydrochloric 
acid, almost the whole of the 4-nitrohomophthalic acid was preci- 
pitated (0°82 gram), whilst the 4-nitrophthalic acid (0°8 gram) 
remained in solution (see below). 

(b) In another experiment the ketone (2 grams) was boiled for 
five minutes with 50 ¢c.c. of a solution of chromic acid prepared 
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by dissolving 30 grams of chromium trioxide and 25 c.c. of sulphuric 
acid in 300 c.c. of water. Most of the nitrohomophthalic agiq 
crystallised on cooling, but a further quantity was isolated by 
extracting with ether as described above. The yield was 1:5 grams, 
that is, about 60 per cent. of the theoretical. The soluble acids wer 
not investigated in this particular experiment. The nitrohomo. 
phthalic acid was identified with that obtained as the main nitration 
product of homophthalic acid by analysis (Found: C = 474. 
H=32. Cale., C= 480; H=3:l per cent.), and by a mixed 
melting point determination both of the acid and its methyl ester 
(below). 

(iii) Oxidation of the nitrohydrindone,m.p.77°. (a) On oxidation 
by method (a) (above), 1‘5 grams of this ketone gave 0°6 gram of 
4-nitrohomophthalic acid. 

(b) * On oxidation by a process essentially the same as method 
(b) (above), 10 grams of the ketone gave 4 grams of nitrohomo. 
phthalic acid and some amorphous products. The nitrohomo. 
phthalic acid was identified by analysis (Found: C= 484; 
H=32. Cale, C= 480; H=3:1 per cent.), and by direct 
comparisons and mixed melting point determinations of the acid 
itself and its methyl ester with the specimens of those substances 
obtained by the methods described above. 

(iv) Oxidation of 6-nitro-1 : 2-diketohydrindene, Ten c.c. of a 
solution of chromic acid, prepared by dissolving 30 grams of 
chromium trioxide and 25 c.c. of concentrated suiphuric acid in 
560 c.c. of water, were warmed to 70° and the diketone (0°57 gram) 
was added. It immediately dissolved with reduction of the chromic 
acid. After five minutes, the solution was filtered from a small, 
amorphous residue, cooled to 0°, and kept at that temperature for 
three hours, after which the nitrohomophthalic acid was collected. 
A further small amount was obtained by extracting the mother- 


* A small amount of another acid was isolated from the ultimate residues 
obtained in this and some similar experiments. This substance, on analysis, 
gave figures corresponding with the formula C,H,O,N (Found: C = 445; 
H=30; N=5-9. C,H,O,N requires C = 44:8; H = 2-9; N = 5:8 pe 
cent.). It forms well-defined, prismatic crystals, which separate readily 
from water or from a mixture of ether and chloroform, and melt at 16/—f— 
162°. It is remarkably stable towards alkaline permanganate and we have 
not yet succeeded in obtaining a recognisable oxidation product. It does 
not give a coloration with ferric chloride, and, although titration shows 
quite definitely that it is a dibasic acid, it appears to have no appreciable 
tendency to lose water when heated at 100°. We do not at present feel 
able to offer any definite suggestion as to the structure of this substance, f 
and have had to postpone a more detailed examination of its properties 
until a further large quantity of material is available, as the amount of thef 
acid formed by oxidation is very small, 
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iquors with ether, the total yield being 0°45 gram. The acid was 
identified with the same substance obtained by other methods as 
in the previous experiment. Attempts which were made to oxidise 
the diketone by means of hydrogen peroxide were unsuccessful. 

4-Nitrohomophthalic acid is moderately soluble in hot water, but 


S were 
homo. oly very sparingly soluble in cold. It crystallises from water 
ration in prismatic needles which melt with decomposition at 220°. On 


oxidation by means of hot alkaline permanganate, it yields 4-nitro- 
phthalic acid. 

The Methyl Ester—All specimens of 4-nitrohomophthalic acid 
were converted into methyl 4-nitrohomophthalate to confirm their 
identity, the process usually employed being as follows. The acid 
(03 gram) was warmed with 1 gram of phosphorus pentachloride 
until hydrogen chloride ceased to be evolved, and the product, after 
cooling, was treated with 3 c.c. of methyl alcohol. The methyl- 
alcoholic solution was concentrated by boiling and diluted with 
water, and the oil thereby precipitated, which adhered to the walls 
of the tube, was washed with water by decantation and rubbed with 
dilute aqueous sodium carbonate until it had completely solidified. 
The solid ester was then collected, washed with water, dried, and 
crystallised from dry ether, from which it separated in small tablets 
melting at 92°5° (Found: C=518; H=4°6. C,,H,,0,N 


of aff requires C = 52°1; H = 4°4 per cent.). 

s of 4-Nitrophthalic Acid (XXXIX).—This acid was obtained by 
d inf oxidising 6-nitrohydrindone with chromic acid or permanganate, 
ram) and by oxidising the 2: 2-dibromo-6-nitro-l-hydrindone and 4- 


nitrohomophthalic acid by alkaline permanganate. 

(i) Oxidation of 6-nitro-l-hydrindone by chromic acid. The 
aqueous solution of 4-nitrophthalic acid which was obtained in 
experiment (ii, a) described on p. 1497, was extracted repeatedly 
with ether, and the extract dried and evaporated. The residue 
solidified after a short time, and was then crystallised from a mixture 
of ether and chloroform. The acid was identified by its melting 
point (164°), by analysis (Found: C= 456; H=2°6. Cale., 
C= 45:5; H=2-4 per cent.), and by the melting point and 
properties of its characteristic aniline salt (m. p. 181°). These 
agreed in all particulars with the description given in the literature. 

(ii) Oxidation of 6-nitro-l-hydrindone by alkaline permanganate. 
The ketone (1 gram) was suspended in 10 c.c. of 2N’-sodium hydroxide 
solution, and the whole stirred vigorously with a mechanical agitator 
while 3 per cent. potassium permanganate was slowly run in until 
| the pink colour persisted. The amount of permanganate used 
| corresponded with about five atoms of available oxygen. The 
| mixture was filtered and the precipitate twice suspended in water 
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and treated with a current of steam. The combined filtrates were 
acidified with hydrochloric acid and evaporated to a pasty mass, 
which was extracted with a large amount of ether. The acid 
products were separated by extraction from the ether with sodium 
carbonate, and recovered from the alkaline solution by re-extracting 
with ether after acidification. The main product was 4-nitro. 
phthalic acid, which occurred to the extent of about 40 per cent, 
of the amount theoretically possible, together with a small quantity 
of a solid, amorphous material, some tar, and some gum. The 
nitrophthalic acid: was identified as in the previous experiment. 
No trace of nitrohomophthalic acid could be detected. 

The oxidation may also be carried out in the presence of sodium 
carbonate instead of the hydroxide, but the reaction is much slower 
in this case. The main product is, however, as before, 4-nitro- 
phthalic acid, unaccompanied by any trace of 4-nitrohomophthalic 
acid. The reaction is extremely sluggish if an excess of magnesium 
sulphate is present, and it is a difficult matter to bring about the 
absorption of more than three atoms of oxygen. Even in this 
case, however, no 4-nitrohomophthalic acid is formed, the only 
crystalline product being 4-nitrophthalic acid. 

(iii) Oxidation of the nitrohydrindone, m. p. 77°, by chromic acid. 
The 4-nitrophthalic acid was isolated from experiment (iii, a) 
(p. 1498) as in the experiment (i) described above on the oxidation 
of the 6-nitro-ketone. The product was identified in the same 
way. 

iv) Oxidation of the nitrohydrindone, m. p. 77°, by alkaline perman- 
ganate. This experiment was conducted like experiment (ii) above. 
The results obtained were exactly similar. 

(v) Oxidation of 2 : 2-dibromo-6-nitro-1-hydrindone. The bromo- 
ketone (2 grams) was finely powdered and kept in suspension in 
10 c.c. of 2N-aqueous sodium hydroxide by mechanical agitation 
while 3 per cent. permanganate was added to keep pace with 
decoloration. The reaction was very slow and after four hours 
only 21 atoms of oxygen had been used. The acid oxidation 
products were isolated as in experiment (i) (above), and were thus 
obtained as a viscous gum, from which, on adding a little aniline 
and 1 c.c. of ethyl alcohol, the aniline salt of 4-nitrophthalic acid 
separated. This was recrystallised from hot alcohol and the free 
acid regenerated from it. It was identified by direct comparison 
and by mixed melting-point determinations. 

(v) Oxidation of 4-nitrohomophthalic acid. The nitrohomophthalic 
acid (0°5 gram) was dissolved in 3 c.c. of 2N-sodium carbonate 
solution and boiled with 0°65 gram of potassium permanganate, 
dissolved in 6 c.c. of water, for an hour, when the colourless solution 
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yas filtered and the precipitate treated with steam in the usual 
manner. The acid was isolated from the filtrates by extraction 
with ether after acidifying and concentrating, and was purified by 
aystallisation from a mixture of ether and chloroform. It was 
identified by direct comparison and by mixed melting-point deter- 
minations with previously obtained specimens, and by conversion 
into its characteristic aniline salt. 

3-Nitrophthalic Acid (LI).—This substance was obtained by 
oxidising 2 : 2-dibromo-4-nitro-l-hydrindone with alkaline per- 
manganate. The bromo-ketone (0°95 gram) was finely ground and 
suspended in 10 c.c. of a 2N-solution of sodium hydroxide to which 
10 c.c. of water was added. ‘The liquid was stirred by a mechanical 
agitator while a total of 33 c.c. of permanganate solution (equivalent 
to 3 atoms of oxygen) was added. The reaction proceeded some- 
what slowly, with intermediate formation of manganate, and had 
to be completed by warming. The acid product, isolated in the 
usual way, proved to be 3-nitrophthalic acid. Its identity was 
proved by analysis (Found : C = 45:2; H = 2°6. Calc.,C = 45°5; 
H = 2°4 per cent.), and by the melting point of its mixture with an 
authentic specimen. The yield was 0°32 gram, that is, 54 per cent. 
of the theoretical. 


(C) 5- and 7-Substitution Products of Hydrindamine and Hydrindone. 


m-Nitrocinnamic Acid (LIII).—This was prepared by the con- 
densation of m-nitrobenzaldehyde with sodium acetate and acetic 
anhydride, following the method employed by Schiff (Ber., 1878, 
11,1782). The acid thus obtained formed almost colourless needles, 
m. p. 196°. 

m-Aminocinnamic Acid (LIV).—This substance has been prepared 
by Tiemann and Oppermann (Ber., 1880, 13, 2064) by the reduction 
of the nitro-acid with ferrous sulphate and barium hydroxide or 
with stannous chloride. The hydrochloride was decomposed with 
sodium acetate (Gabriel, Ber., 1882, 16, 2038), or with the theoretical 
quantity of sodium carbonate. Crystallised from alcohol, the 
amino-acid forms bright yellow needles, m. p. 185° (Found: C = 
65°97; H = 5°66. Calc., C = 66°23; H = 5°56 per cent.). 

The acetyl derivative, which was made by the action of acetic 
anhydride on the amino-acid, crystallised from dilute acetic acid 
in minute, colourless prisms, m. p. 237° (Found: C = 64°44; 
H = 5°54. C,,H,,0,N requires C = 64°32; H = 5:40 per cent.). 

m-Hydroxycinnamic Acid (LV).—For the preparation of the 
hydroxy-acid (compare Gabriel, Ber., 1882, 15, 2297), isolation of 
the free amino-acid is unnecessary. A yield of 50—60 per cent. 
may be obtained directly from the nitro-acid as follows. m-Nitro- 
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cinnamic acid (70 grams) was added to a solution of 340 grams of 
stannous chloride (SnCl,,2H,O) in 400 c.c. of hydrochloric acid, 
The acid dissolved with the evolution of much heat, and with 
rapidly increasing velocity, the reaction finally becoming very 


violent. The clear solution, on cooling, deposited a mass of colour. | 


less prisms of the tin double salt of m-aminocinnamic acid, which 
were removed, washed with a little dilute hydrochloric acid, dis. 
solved in a litre of water to which 500 c.c. of 2N-sulphuric acid had 
been added, and the solution, cooled in ice, was treated with a 


solution of 35 grams of sodium nitrite. The addition having been | 


completed, the liquid was slowly heated to, and kept at boiling 
temperature until nitrogen ceased to be evolved. The boiling 


solution, which was filtered from the precipitated stannic hydroxide } 


and tarry matters, on cooling, deposited the hydroxy-acid in an 


almost pure condition. (Without further purification, it melted at | 


185—189°, and was of sufficient purity for methylation.) On 
recrystallisation from hot water, it was obtained as pale buff prisms, 
m. p. 191° (Found: C = 65°78; H=5:12. Calc., C = 65:83; 
H = 4°91 per cent.). 

m-Methoxycinnamic acid (LVI) is obtained by methylation of 
the hydroxy-acid. Methyl iodide in alkaline solution gives the 
methyl ester (Tiemann and Ludwig, Ber., 1882, 15, 2951), hence 
the methylation was effected with methyl sulphate. The acid 
(100 grams) was dissolved in 400 c.c. of 2N-aqueous sodium 
carbonate, and methyl sulphate (100 c.c.) added in portions of 
10 c.c. with vigorous agitation. When the methyl sulphate had 
completely dissolved, the solution was heated to boiling and kept 
at boiling temperature until the odour of methyl sulphate had 
disappeared. It was then cooled, neutralised, and a small excess of 
hydrochloric acid added. The solution was freed from the gummy 
matter thus precipitated, and treated with a large excess of hydro- 
chloric acid. The methoxy-acid was thus obtained as a white, 
crystalline powder, m. p. 105—109°. A sample recrystallised from 
water melted at 113—114° (Tiemann and Ludwig give the melting 
point as 111°). 

m-Methoxy-B-phenylpropionic acid (LVII) was prepared by 
Tiemann and Ludwig by the reduction of the above acid. Their 
method was followed in all respects save in the isolation and puri- 
fication, as it was found that by cooling the alkaline solution after 
reduction and careful addition of cold, 20 per cent. hydrochloric 
acid, the acid was obtained as a white, crystalline precipitate, 
which, on drying in ether and crystallising from a mixture of ether 
and ligroin, formed clusters of colourless laminez, m. p. 45° 
(Tiemann and Ludwig give the m, p. of their crude acid, after 
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pressing between filter-paper, as 51°, and state that it was too soluble 
in the common organic solvents to be crystallised therefrom). 

m-Methoxy-B-phenylpropionyl chloride (LVIII) was obtained 
when the acid was warmed with an equal weight of thionyl chloride 
until the evolution of hydrogen chloride and sulphur dioxide ceased. 
The excess of thionyl chloride was removed by heating to 100° in 
a vacuum. The bulk of the residue distilled at 165°/22 mm., 
leaving a tarry residue, and was obtained in a pure condition by 
asecond distillation. It is a light yellow oil which rapidly darkens 
on exposure to air and light. On heating with water, it is 
hydrolysed to the acid (Found: Cl = 17°8. Cj, 9H,,0,Cl requires 
Cl = 17°9 per cent.). 

Action of Aluminium Chloride on Methoxyphenylpropionyl 
Chloride—The chloride (15 grams), dissolved in 30 c.c. of dry 
petroleum (b. p. 70—80°), was treated with 15 grams of finely 
powdered aluminium chloride. The violent reaction, which was 
accompanied by the evolution of much hydrogen chloride, was 
completed by heating on the steam-bath for a few minutes, and 
the deep red, viscous substance thus obtained was collected and 
decomposed by ice and water. The colourless, crystalline solid 
produced was removed and crystallised from methyl alcohol. 

5-Methoxy-1-hydrindone (LIX).—This substance separates from 
methyl or ethyl alcohol in colourless prisms, m. p. 110°. It is 
readily soluble in the usual organic solvents, excepting ether and 
light petroleum, and is fairly soluble in hot water, from which it 
crystallises in silky needles (Found: C= 73°96; H = 6°32. 
C19H 90, requires C = 74:04; H = 6°22 per cent.). 

The semicarbazone, which is obtained when an aqueous solution 
of the ketone is treated with semicarbazide, separates from dilute 
acetic acid in colourless, glistening leaflets, m. p. 239°. 

5-Hydroxy-1-hydrindone (LX1I).—This substance and its isomeride, 
7-hydroxy-l-hydrindone, remained in the aqueous solution from 
which the methoxy-ketone was precipitated after the aluminium 
compound had been decomposed by ice and water (above). The 
two hydroxy-ketones were separated by taking advantage of their 
difference of volatility. 

The aqueous solution was combined with the aqueous mother- 
liquors obtained on recrystallising the methoxy-ketone, and the 
whole evaporated to dryness. The residue was then distilled in a 
current of steam until the distillate failed to give a coloration with 


ferric chloride. The residue obtained on evaporating the solution 


in the distilling flask was boiled with methyl alcohol and animal 
charcoal, and the filtered solution allowed to crystallise, when 
pale yellow prisms, m. p. 182°, of the 5-hydroxy-compound separated 
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(Found: C= 72°75; H= 5°54. Cale, C= 72°94; H = 5-45 
per cent.). This hydroxy-ketone gives only a faint red colour with 
ferric chloride (contrast the 7-hydroxy-ketone). Auwers and 
Hilliger (Ber., 1916, 49, 2410) record 183° as the m. p. and state that 
the yellow colour is due to a trace of some impurity. 

On methylation with methyl sulphate and alkali, this hydroxy. 
ketone gives the methoxy-ketone (above) which forms the main 
product of the decomposition with aluminium chloride. 

7-Hydroxy-1-hydrindone (LXII)—The steam-distillate (above) 
was saturated with sodium chloride and extracted with ether, and 
the extract dried and evaporated. The solid residue consisted 
mainly of the 7-hydroxy-ketone, but it contained in addition a 
little 5-methoxy-ketone and possibly also some 7-methoxy-ketone. 
These were removed by grinding with cold 2N-aqueous sodium 
hydroxide and filtering. The 7-hydroxy-ketone was precipitated 
from the filtrate by means of hydrochloric acid and crystallised 
from methy] alcohol, from which it separated in colourless, elongated 
prisms, m. p. 111° (Found: C = 72°93; H = 5°58. Cale., C = 
72°94; H = 5°45 per cent.). This ketone gives an intense violet 
colour with ferric chloride, and its melting point and properties 
agree with Auwers and Hilliger’s description (loc. cit.). 

5-Methoxy-1-hydrindoxime (LXVIII).—The 5-methoxy-ketone (1 
gram), dissolved in 2 c.c. of ethyl alcohol, was treated with a 
solution of hydroxylamine hydrochloride (0°5 gram) in 1 c.c. of 
water and 3 c.c. of 2-aqueous sodium carbonate. After keeping 
at 50—60° for one hour, colourless crystals separated, which were 
collected, washed with hot water, and crystallised from methyl 
alcohol. The oxime forms colourless, silky needles, m. p. 151° 
(Found: C = 67°70; H = 6°32. C,9H,,0,N requires C = 67°75; 
H = 6:26 per cent.). 

5-Methoxy-\-hydrindamine (LXVIII).—The above oxime was 
reduced with sodium amalgam and 50 per cent. acetic acid in the 
same way as its isomeride (compare p. 1493), and the base isolated 
in the same way excepting that in this case the hydrochloride did 
not crystallise until most of the solvent had been removed by 
evaporation in a vacuum. 

The hydrochloride separates from a mixture of methyl alcohol and 
ethyl acetate in stellate clusters of colourless prisms, which melt 
at 230° with the precipitation of ammonium chloride (Found: 
Cl = 16°9. C,9H,,ONCl requires Cl = 17-7 per cent.). 

The acetyl derivative, prepared in the same way as its isomeride 
(p. 1493), separates from alcohol in minute, colourless prisms, 
m. p. 135° (Found: C = 698; H= 7:39. C,,H,,0,N requires 
C = 70°2; H = 7:37 per cent.). 
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(D) Action of Aluminium Chloride on p-Nitrophenylpropionyl 
Chloride. 


p-Nitro-8-phenylpropionyl Chloride.—p-Nitro-8-phenylpropionic 
acid (10 grams) (prepared by nitrating $-phenylpropionic acid 
according to Beilstein and Kiihlberg’s method, Annalen, 1872, 163, 
132) was heated with thionyl chloride (8 grams) until hydrogen 
chloride ceased to be evolved. The excess of thionyl chloride was 
removed by heating in a vacuum at 100°. The residual oil solidified 
on cooling, but the substance was too unstable in air for the melting 
point to be determined accurately by the usual method. The acid 
chloride was purified for analysis by distillation, but the operation 
was always attended with the risk of explosion. It passed over at 
204°/7 mm. as a colourless oil, which solidified in the receiver 
(Found: Cl = 16°5. C,H,O,NCI requires Cl = 16°6 per cent.). 

p-Nitro-B-phenylpropaldehyde (LXXII)—This substance was 
formed when an attempt was made to convert the above acid 
chloride into the 1-hydrindone by the action of aluminium chloride. 
The solvent employed was thionyl chloride, 120 c.c. of which were 
allowed to react with p-nitro-8-phenylpropionic acid (37°5 grams) 
until no more hydrogen chloride was evolved. Finely powdered 
aluminium chloride was then added to the hot solution, and, after 
the vigorous reaction had subsided (about ten minutes), the whole 
was heated for a further forty-five minutes and then cooled and 
poured on ice. The aqueous solution thus obtained was boiled to 
expel sulphur dioxide and then extracted with much ether, the 
extract being washed with aqueous sodium carbonate to remove acid 
products. In this way, about 75 per cent. of the p-nitrophenyl- 
propionic acid originally used was recovered. The neutral extract 
on evaporation gave a solid, which was sparingly soluble in ether 
and separated from ethy] alcohol in long needles, m. p. 108° (Found : 
C= 603; H=50. C,H,O,N requires C = 603; H=5°0 per 
cent.). The yield was 15 per cent. of the theoretical. The con- 
stitution of the aldehyde was proved by oxidation by 30 per cent. 
chromic acid (below). 

The oxime was obtained by warming the aldehyde (0°5 gram), 
dissolved in 10 c.c. of ethyl! alcohol, with a solution of hydroxylamine 
hydrochloride (0°3 gram) and sodium carbonate (0°2 gram) in 3 c.c. 
of water. The mixture having been maintained at 70° for half an 
hour, water was added and the precipitate collected after cooling. 
The oxime separated from ethyl alcohol as feathery needles, 
m. p. 130—131°. It was more soluble in alcohol than the original 


aldehyde. 
p-Nitrophenylacetic Acid and p-Nitrobenzoic Acid.—The aldehyde 
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(1 gram) was warmed with 10 c.c. of a solution of chromic acid, 
prepared by dissolving chromium trioxide (30 grams), sulphuric 
acid (25 c.c.), and acetic acid (25 c.c.) in water (50 c.c.). The 
reaction proceeded with evolution of heat and on adding water two 
crystalline acids separated. The less soluble proved to be p-nitro. 
benzoic acid (Found: C=50°7; H=3°3. Calc., C= 503; 
H = 3°0 per cent.), and the other p-nitrophenylacetic acid (Found : 
C= 529; H=42. Calc., C= 53:0; H = 3°9 per cent.). Both 
acids had the melting points recorded in the literature, and the 
former was identified by direct comparison with an authentic 
specimen, 


(E) 5(or 6)-Methoxyindene and its Derivatives. 


5(or 6)-Methoxyindene (LXIX or LXX).—(a) From 5-Methoxy-1- 
hydrindamine. ‘The hydrochloride of the base was heated in a 
small distilling flask, and the distillate, which contained a little 
ammonium chloride, mixed with dry ether and filtered. After 
evaporation of the ether, the indene distilled constantly at 236°/768 
mm., and was thus obtained in 80 per cent. yield as a colourless 
liquid, which, however, turned yellow on keeping, even if sealed 
from the air and placed in the dark (Found : C = 81°76; H = 6°85. 
C1 9H, 90 requires C = 82°14; H = 690 per cent.). 

(b) From 6-Methoxy-1-hydrindamine. This reaction was carried 
out in the same way, and the product (Found: C = 81°43; 
H = 6°94 per cent.) identified with the preceding one by direct com- 
parison and by means of the solid derivatives described below. 

The picrate separated as a mass of deep red needles when the 
indene (obtained by either process) and picric acid were mixed in 
the correct proportions in alcoholic solution. After crystallisation 
from a small quantity of alcohol, it melted sharply at 64° (Found: 
N=11°8. C,,H,,0,N, requires N = 11:2 per cent.). 

The dibromo-additive product was prepared by mixing a chloro- 
form solution of the indene with chloroform containing the equivalent 
of two atoms of bromine. The residue obtained on concentration 
crystallised from alcohol in pearly leaflets, m. p. 100—101° (Found : 
Br = 52°24. Cy, 9H,,OBr, requires Br = 52°30 per cent.). 


(Ff) Oxidative Fission of the Methoxyindene. 


The indene (2°9 grams) was mixed with twice its volume of glacial 
acetic acid and added in the cold to 200 c.c. of a solution of chromic 
acid prepared by dissolving 30 grams of chromium trioxide, 25 c.c. 
of glacial acetic acid, and 25 c.c. of concentrated sulphuric acid in 
950 c.c. of water. The mixture was shaken frequently during two 
hours and then at intervals over a period of four days, after which it 
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was treated for one hour on the steam-bath, cooled, and filtered. 
The plastic mass thus obtained was transferred to a mortar and 
ground with successive small quantities of sodium carbonate 
solution until no precipitate was obtained on acidification with 
concentrated hydrochloric acid. The acidified extracts were 
combined and filtered, and the filtrate was mixed with the chromium 
solution and extracted with ether. 

5-Methoxyhomophthalic Acid (LX XIII).—The acid precipitated 
on acidification of the sodium carbonate extracts (above) consisted 
of almost pure 5-methoxyhomophthalic acid. The residue obtained 
on evaporation of the ether extract consisted of a mixture of 
crystalline acids, from which 5-methoxyhomophthalic acid was 
easily isolated by rubbing with a small amount of water and filtering. 
The acid crystallises from hot dilute acetic acid in well-defined 
needles which melt and evolve water vapour at about 222°, the 
exact temperature depending on the rate of heating. Using the 
bulb-form of apparatus, apparent melting points as low as 218° 
and as high as 227° may be obtained by varying the rate of heating 
within fairly wide limits (Found: C = 568; H = 4°8. Cy9H 490; 
requires C = 57:1; H = 4°8 per cent.). 

4-Methoxyphthalic Acid (LXXV).—This acid, along with another 
easily soluble acid which was not identified, dissolved in the water 
with which the residue from the ether extract was triturated. It 
was obtained in the pure condition by crystallisation from a small 
quantity of water, and then melted at 163° (Fritsch gives m. p. 164°, 
—Annalen, 1897, 296, 359) (Found: C = 53:0; H=3°9. Calc., 
C= 53:1; H = 4:1 per cent.). 

Orientation of 5-Methoxyhomophthalic Acid.—The orientation of 
this acid is established by the fact that it is the main product of 
the action of boiling chromic acid on 5-methoxy-l-hydrindone. 
The ketone (1 gram) was added to 40 c.c. of a solution of chromic 
acid made by dissolving 10 grams of chromium trioxide and 10 c.c. 
of concentrated sulphuric acid in 100 c.c. of water. The reaction 
was started by heating to the boiling point, and then allowed to 
proceed without: the application of heat. When its violence had 
abated, the mixture was heated on the steam-bath for one hour and 
then cooled. A considerable quantity of the methoxyhomophthalic 
acid separated and was collected. The filtrate on extraction with 
ether gave a mixture of 5-methoxyhomophthalic acid and 4- 
methoxyphthalic acid, which were separated by triturating with 
water in the manner described above. ‘The yield of 5-methoxy- 
homophthalic acid amounted to 70 per cent., and of 4-methoxy- 
phthalic acid to 15 per cent., of the theoretical. 
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(G) Alkylidene Derivatives of the Methoxyindene. 


5(or 6)-Methoxy-1-benzylidene-3-«-hydroxybenzylindene (LX XVIII 
or LXXIX).—A mixture of 15 grams of the methoxyindene and 
1:1 grams of pure benzaldehyde was added to a well cooled solution 
of sodium ethoxide, prepared by dissolving 0°23 gram of sodium in 
3 grams of ethyl alcohol. The crystals, which began to separate 
after about three hours, were collected after twenty-four hours, 
washed with water and a little alcohol, and finally crystallised from 
boiling alcohol, from which the pure benzylidene compound separated 
in silky, lemon-yellow needles, m. p. 128° (Found: C = 848; 
H=61. C,,H,,0 requires C = 84:°7; H = 5°9 per cent.). 

The mother-liquors from which this substance separated contained 
another compound, which was not isolated in a pure condition. 
After many crystallisations, a specimen, m. p. 111—116°, was 
obtained which on admixture with a little of the substance melting 
at 128°, melted at 96—104°. Analysis of the impure specimen 
indicated that it consisted essentially of a benzylidene compound 
isomeric with the substance having m. p. 128°. 

5(or 6)-Methoxy-1-piperonylideneindene (LXXX or LXXXI).— 
Lemon-yellow isomeride. When a mixture of 1°46 grams of the 
indene with 1°5 grams of piperonal was added to a solution of 
sodium ethoxide prepared from 0°23 gram of sodium and 4 grams 
of alcohol, a second layer separated out almost immediately below 
the alcoholic solution and rapidly became deep yellow and very 
viscous. After twenty-four hours, it was washed with ethyl alcohol 
by decantation and then caused to solidify by rubbing with benzene. 
The solid product was fractionally crystallised from benzene, 
and then from various mixtures of benzene and alcohol, and it was 
thus separated into a mixture of sparingly soluble substances, m. p. 
160—180°, of the composition C.,H 90,, together with two pure 
compounds, a less soluble, lemon-yellow substance, and a more 
soluble, orange-yellow compound. The lemon-yellow compound 
separated from benzene in silky needles, m. p. 148° (Found: C= 
774; H=51. C,,H,,0, requires C = 77°7; H = 5:0 per cent.). 
Orange-yellow «isomeride. The orange-yellow compound was 
obtained in a pure condition after several crystallisations from 
mixtures of benzene and alcohol, from which it separated in dense, 
orange-yellow prisms, m. p. 142° (Found: C=77:'2; H=5%. 
C,3H,,03, requires C = 77°7; H = 5-0 per cent.). A mixture of 
the two isomerides melted at 128—131°. 

5(or 6) - Methoxy - 1 - piperonylidene - 3 - « - hydroxypiperonylindene 
(LXXXIT or LX XXIIT).—After a considerable number of crystal- 
lisations, one of the constituents of the mixture, m. p. 160—180° 
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(above), was obtained in a state of purity. It separated from a 
considerable bulk of benzene in long, canary-yellow needles, m. p. 

VIII § 162—163° (Found: C=72'7; H=43. C,,H.90, requires 

>and § C= 72°99; H = 4°6 per cent.). 

ution The less fusible isomeride appeared to be present in small amount 

lm in @ only. 
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tion. # CLXXI.—A Note on the Photosynthesis of Amines. 
By OscaR WALTER SNow and JOHN FREDERICK SMERDON STONE. 


men @ In a recent paper (this vol., p. 185), Baly, Heilbron, and Stern 
und @ claim to have photosynthesised methylamine, pyridine, and piper- 
idine by exposing a mixture of formaldehyde and ammonia (both 
)— 91 13N) to the ultra-violet light of a quartz mercury lamp. They 
the § also state that a coniine-like alkaloid was formed when 2N-solutions 
| of @ of the same substances were used. 
1ms Now the method they employed (see original paper, p. 190) * 
low @ for the isolation of the photosynthesised bases involved the heating 
ery @ of the exposed solutions of ammonia and formaldehyde with excess 
hol @ of hydrochloric acid. The possibility that their results may be 
ne. §@ due to the normal interaction of ammonium chloride and formalde- 
ne, § hyde seems to have been overlooked. ‘This interaction has been 
vas studied by several investigators (Plochl, Ber., 1888, 21, 2117; 
‘?p. Brochet and Cambier, Bull. Soc. chim., 1895, [iii], 13, 392 ; Knudsen, 
re § Ber., 1914, 47, 2694), but more particularly by Werner (T., 1917, 
mre @ 111, 844), who found that by heating concentrated solutions of 
nd §# ammonium chloride and formaldehyde he obtained much methyl- 
= § amine hydrochloride and smaller quantities of dimethylamine 
.). § and tetramethylmethylenediamine hydrochlorides, the last giving 
as § tise to trimethylamine hydrochloride if the temperature was high 
m § enough. Methylmethyleneimine hydrochloride was detected as an 
e, § intermediate product. 
0. In view of these facts, it seemed probable to us that, although 
of § the concentrations employed by Baly, Heilbron, and Stern are 
much Jess than those which Werner used, the same products might 
 § be expected to result in both cases. 


. * Wherever “the original paper ”’ is referred to, that of Baly, Heilbron, 
) and Stern, loc. cit., is always meant. 
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Now Werner (loc. cit.) found that when a 12N-solution of 
ammonium chloride is gradually heated with commercial form. 
aldehyde to 104° the following reactions take place :— 


(1) CH,O -- H,N,HCl = (CH,:NH)HCI + H,0. 

(2) (CH,NH)HCl + H,'O + CH,O = CH,‘NH,,HCl + HCO,H. 

(3) CH,‘NH,,HCl -+- CH,O = (CH,‘N:CH,)HCl + H,0. 

(4) (CH,‘N:CH,)HCl + H,'0 + CH,O = (CH,),NH,HCl + 
HCO,H. 

(5) 2(CH,),NH,HCl + CH,O = [(CH,),N],CH,,2HCl + H,0. 


The tetramethylmethylenediamine hydrochloride remains un. 
changed unless the temperature is raised to 160°, when the following 
reaction takes place, 

[(CH,).N],CH,,2HCl = (CH;),N,HCl + (CH,°N:CH,)HCI, 
trimethylamine hydrochloride being formed. The methylmethyl. 
eneimine hydrochloride is then converted into dimethylamine 
hydrochloride and formic acid (4). 

In order to determine their behaviour to the physiological and 
colour tests used in the original paper, we have prepared specimens 
of the free bases, tetramethylmethylenediamine and methylmethyl- 
eneimine, by the method of Henry (Bull. Acad. roy. Belg., 1893, 
[iii], 26, 200) (Found: for tetramethylmethylenediamine, C = 
58°63; H = 13°88. Cale., C = 58°82; H = 13°73 per cent.). 
The picrate, which has not previously been made, melted at about 
95°, and was found to be very unstable, easily changing into di- 
methylamine picrate and formaldehyde (Found: for methy]l- 
methyleneimine, C = 55°58; H = 11°64. Calc., C = 55°81; H= 
11°63 per cent.). The picrate, already known, melted at 124° 
(127°, Duden and Scharff, Ber., 1895, 28, 936). 

Most of the chemical tests in the paper which Baly and his 
collaborators rely on, as establishing the probable presence of 
coniine, are those recommended by Dilling (Pharm. J., 1909, 29, 
34). These are the Melzer, Marmé (potassium cadmium iodide), 
Wagner (iodine in potassium iodide), and Nessler tests. We 
prepared the reagents required for these tests by the standard 
methods and applied them to the various amines with the results 
given in the table. 

The results shown in this table indicate, in a very striking manner, 
how impossible it is to distinguish between these amines and coniine 
by means of such reagents. It may be noted that in the Melzer 
tests the colour is taken up completely by ether (or toluene) in 
the case of coniine only. The Wagner test, although more sensitive 
in the case of coniine, is certainly not distinctive. 
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A NOTE ON THE PHOTOSYNTHESIS OF AMINES. 


Description of Plate. 


The plate shows a record of the contraction of two frog muscles stimulated 
simultaneously at fifteen second intervals. The lower muscle, poisoned by 
a 0-5 per cent. solution of tetramethylmethylenediamine hydrochloride, 
ceases at A to respond to stimuli arriving via the nerve. This is not a fatigue 
effect, since after five minutes’ rest it still fails to respond to indirect (nerve) 
stimuli even with the secondary coil at 5 cm. 

At C, both muscles are stimulated directly ; both respond with the secondary 
at 5 cm., proving that the poisoning effect is primarily on the nerve ending. 
Again, the group of indirect stimuli at D fails to elicit any response from the 
lower muscle, even when the secondary coil is brought up to 2 cm. distance, 
whilst direct stimulation at Z elicits responses at distances of 5 and 6 cm. 


We now proceeded to repeat the work on the interaction of 
2N-solutions of ammonia and formaldehyde exactly under the 
conditions employed by Baly and his collaborators (see original 
paper, p. 191), but without exposure to light, and obtained an 
“alkaloidal fraction”? which gave positive results with all the 
above tests. 

The only remaining piece of evidence in the original paper for 
the production of coniine is the physiological action of the product 
on the motor nerve-endings of a frog (loc. cit., p. 193), namely, 
the “‘ curare effect.” We are much indebted to Mr. M. H. Mac- 
Keith of the University Pharmacology Department for advice on 
this part of the work and for kindly performing the necessary 
experiments and we should like to take this opportunity of tender- 
ing to him our most grateful thanks. His report is as follows: 

“ In the original paper (p. 193), Baly, Heilbron, and Stern adduce 
a pharmacological test in support of their recognition, by chemical 
means, of a coniine-like alkaloid in the products of a photocatalytic 
reaction described by them. 

“The statement is made in their paper that the ‘ curare effect ’ 
(paralysis of the nerve-endings in striped muscle) is ‘ given only 
(their italics) by the curare alkaloids and by the members of the 
coniine group.’ The former class of substances being excluded by 
appropriate chemical tests, the presence of an alkaloid of the 
coniine group is concluded. 

“Tt was shown by Crum Brown and Fraser (Proc. Roy. Soc. 
Edin., 1869, 6, 556) that certain of the organic derivatives of 
ammonium possess this ‘ curare effect.’ It has since been demon- 
strated by many workers (Hofmeister, Arch. exp. Path. Pharm., 
1883, 16, 393; Marshall, Trans. Roy. Soc. Edin., 1913, 50, 17; 
Zottermann, J. Physiol., 1923, 57, xxi) that this effect is produced 
by a large number of compounds; by most quaternary ammonium 
salts, and by many other derivatives of quinquevalent nitrogen, 
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as well as by certain phosphorus and arsenic compounds with a wo 
similar stereochemical configuration (Sollmann, ‘Manual of as" 
Pharmacology,’ 1922). 
“Tt would appear, therefore, that the recognition of a coniine. Ke 
like alkaloid is only valid on the exclusion of other substances § . d 
capable of producing the same effect. Consequently, it is of za 
interest to report that two of the already known products of the on 
interaction of formaldehyde and ammonium chloride, namely, b 
tetramethylmethylenediamine and methylmethyleneimine, have : 
been found to possess the ‘ curare effect.’ a 


“The accompanying tracing shows, in the case of the hydro- 
chloride of the tetramethyl compound, the manner in which the 
muscle loses its excitability to stimuli arriving by the nerve; also 
how, after it has ceased to respond to indirect (nerve) stimuli 
even with the secondary coil only 2 cm. distant, it responds by 
contraction on direct (muscle) stimulation at coil distances of 
5and6cm. At the same time, there is some direct action on the 
muscle substance, which is manifested by the diminution of height 
of the muscle response even on direct stimulation.” 

The pyridine, claimed to have been photosynthesised (see original 
paper, p. 190), was identified by means of a chloroplatinate which 
melted 15° too low, and by the smell produced on rubbing the 
hydrochloride with borax in a warm mortar. Since the method of 
separation of the supposed pyridine, by means of chloroform, is 
essentially that employed by Werner for the extraction of dimethy!- 
amine, tetramethylmethylenediamine, and methylmethyleneimine, 
these substances were most probably present and it would be very § ;,. 
difficult to detect pyridine in the presence of mixtures of such 
pronounced odour. Se 

The production of methylamine in the experiments of Baly and | (¢ 
his collaborators can be simply explained by the fact that it is 


C] 


the normal product of the Werner ammonium chloride-formaldehyde 7 
reaction. to 

We have obtained methylamine hydrochloride by evaporating | ;, 
1-3N-solutions of ammonia and formaldehyde with hydrochloric | |; 


acid, without exposure to light, and identified it by the melting ] 4 
points of mixtures of its hydrochloride and of its benzoyl derivative ] 5 
with authentic specimens of the respective compounds. th 

The formation of methylamine, by exposing a solution of ammonia p 
saturated with carbon dioxide to ultra-violet light (original paper, 
p. 186), can be explained on the assumption that formaldehyde is 
first produced from the carbon dioxide by photosynthesis, as had 
previously been shown by Moore and Webster (Proc. Roy. Soc., 
1914, [B], 87, 163, 556; 1918, [B], 90, 168) and Baly, Heilbron, 
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and Barker (T., 1921, 119, 1025), the methylamine being then 
produced by the ordinary Werner reaction. 

It should be stated that, in all the above experiments, the 
ammonia we employed was carefully freed from pyridine and phenol. 

The results of the experiments described above seem to us to 
indicate that, although we have neither confirmed nor disproved 
the formation of a coniine-like alkaloid, of pyridine, or of piperidine 
from ammonia and formaldehyde under the conditions described 
by Baly, Heilbron, and Stern, the evidence advanced by them in 
support of their photosynthesis of these substances appears to us 
to be insufficient. 


In conclusion, we should like to express our thanks to Dr. N. V. 
Sidgwick for very kindly reading through the proofs of this paper. 


Dyson Prerrins LABORATORY, 
OxFORD. [Received, May 17th, 1923.] 


CLXXII.—The Action of Sodium Hyposulphite on 
Cupric Chloride in Aqueous Solution. 


By James BrieRLeY Firtu and Joun Hicson. 


DESCRIBING the action of sodium hyposulphite on copper sulphate 
solution, Schutzenberger (Compt. rend., 1869, 69, 196) states that 
in the cold the reaction gives rise to a red precipitate which may 
be either copper hydride or a mixture of this and metallic copper. 
The hydride reacts with the sulphurous acid produced and reduces 
it to hydrogen sulphide, being itself converted into sulphide. Myers 
and Firth (Z, anorg. Chem., 1913, 80, 98), repeating and extending 
Schutzenberger’s experiments, were unable to detect the formation 
of hydride at any stage of the reaction. The product was either 
metallic copper, which may be highly pyrophoric, associated with 
a small amount of cuprous sulphide, or mainly the latter, according 
to the conditions of the experiment. The object of the present 
investigation was to study the reaction between an aqueous solution 
of cupric chloride and an aqueous solution of sodium hyposulphite. 
A series of preliminary experiments had indicated that the nature 
of the product was greatly influenced by the concentrations of 
the solutions used, and the temperature at which the reaction took 
place. 


KXPERIMENTAL. 
The reaction was carried out in an apparatus in which the 
operations of precipitation, filtration, and drying were performed in 
an atmosphere of carbon dioxide. The experiments herein described 
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may be divided into two classes, namely, the influence on the course | 
of the reaction of (a) the relative concentrations of the reacting 
solutions, (b) the temperature at which the reaction took place. 

A solution of cupric chloride was prepared containing 7°5 grams 
of the pure crystallised salt in 100 c.c. A copper solution of this 
strength was used throughout the experiments. To 100 c.c. of 
the solution, 100 c.c. of a freshly prepared solution of pure sodium 
hyposulphite of a concentration varying from 1°5 to 30 grams per 
100 c.c. was rapidly added. The reaction was allowed to proceed 
until no further apparent change either in the nature or bulk of 
the precipitate took place. The reaction was generally complete 
in ten to thirty minutes according to the temperature of reaction. 
In a number of experiments carried out for longer periods (up to 
twenty-four hours), the composition of the precipitate was sub- 
stantially the same when the copper was in excess ; in experiments 
in which the hyposulphite was in excess there was a slight increase 
in the sulphur content of the precipitate, but otherwise its general | 
nature was the same. 

The temperature of the reaction was varied from 15° to 75°. 
In the preparation of the hyposulphite solution at temperatures 
higher than 15°, the requisite amount of water was heated to 
about 3° above the required temperature and the necessary quantity 
of hyposulphite was added immediately before mixing the two 
solutions, thereby reducing as far as possible the decomposition 
of the hyposulphite prior to its coming in contact with the copper 
solution. At 15° and at 30°, on mixing the solutions, a white 
precipitate was first formed in all cases, but only at the lower 
concentrations of the hyposulphite solution was this precipitate 
permanent. As the concentration of the hyposulphite was in- 
creased, the white precipitate gradually changed through light 
brown, reddish-brown, dark brown to black, the actual stage at 
which the reaction stopped being determined by the concentration 
of the hyposulphite. At 50° and at 60°, the white precipitate 
appeared only at the moment when the solutions were brought 
into contact; almost immediately its colour became brown, then 
darkened, and finally was black. At 75°, on mixing the solutions, 
there was no immediate precipitate, the solution darkened in colour, 
and a dark brown or black precipitate was then deposited. 

When the reaction was complete, the precipitate was rapidly 
collected, thoroughly washed with dilute sulphurous acid,* alcohol, 

* In some of the earlier experiments in which cuprous chloride was the 
main product, it was found that if the precipitate was washed with water 
saturated with carbon dioxide or even with water alone, it darkened 
appreciably and the product contained oxide (compare Gréger, Z. anorg. 
Chem., 1901, 28, 154). 
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Grams of sodium hyposulphite in 100 c.c. of solution. 


Throughout the series, the copper solution contained 7-5 grams of crystallised cupric chloride in 100 c.c. 
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alcohol and carbon disulphide, and ether, respectively, and dried 
over calcium chloride in an evacuated desiccator. The filtrate 
invariably contained sulphate and free acid. 

When quite dry, the precipitates were analysed. The results 
obtained are set out in the following table, in which the effect 
of temperature on the composition of the precipitate for a definite 
hyposulphite concentration is given in the vertical columns and 
the effect of concentration of hyposulphite at constant temperature 
is given in the horizontal divisions. 

The results show that at 15°, for concentrations 1:5—4°5 grams 
of hyposulphite per 100 c.c., the precipitate is essentially cuprous 


chloride; with further increase in the concentration of the hypo. | 


sulphite, the amount of chloride rapidly diminishes and free copper 
appears in the precipitate. When the concentration of the hypo- 
sulphite has reached 10°5 grams per 100 c.c. (experiment 7), the 
precipitate contains no chloride and is essentially metallic copper 
associated with a small amount of sulphide. As the concentration 
of the hyposulphite is further increased, the amount of sulphur is 
increased, until finally, when the concentration has reached 30 grams 
per 100 c.c., the precipitate has the composition of cupric sulphide 
(experiment 11). At 30°, the results are similar except that the 
sulphur contents are slightly higher and chloride persists through- 
out the series. 

At 50—75°, the precipitates at the lower hyposulphite concen- 
trations are essentially cuprous sulphide, which passes into cupric 
sulphide with increase in hyposulphite concentration. The pre- 
cipitate is in all cases associated with various amounts of chloride. 
Although in the experiments at 75° there was no appreciable amount 
of free copper in the precipitate, yet in many cases a thin film of 
metallic copper was deposited on the sides of the reaction vessel. 


Discussion of Results. 


Owing to the fact that sodium hyposulphite in solution readily 
decomposes, giving rise principally to thiosulphate, sulphurous acid, 
and free sulphur, the reaction with a solution of cupric chloride 
is necessarily complex. Up to 30°, for low concentrations of hypo- 
sulphite (cupric chloride in excess), the reaction is a comparatively 
simple reduction of the cupric chloride and may be represented by 
the equations 


(2) 6CuCl, + Na,S,0, + 4H,0 = 3Cu,Cl, + 2NaCl + 2H,SO, -++ 
4HCl. 
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The solution thereby contains free sulphuric and hydrochloric 
acids. Wardlaw and Pinkard (T., 1922, 1241, 210) have shown 
that cuprous chloride reacts with sulphur in presence of dilute 
hydrochloric acid at approximately 95°, with the production of 
cuprous sulphide, the reaction being represented by the equation 

S + 2Cu,Cl, = CuCl, + Cu,S. 

This reaction would explain to some extent the production of 
cuprous sulphide with rise of temperature and also the persistence 
of chloride in the precipitate. It is improbable, however, that the 
whole of the sulphide is derived from this source; cuprous salts 
such as the hyposulphite and thiosulphate (compare Myers and 
Firth, Joc. cit.) will be produced and, being unstable, will readily 
decompose with the production of sulphide. Up to 30°, in presence 
of a slight excess of hyposulphite, the cuprous chloride first formed 
is further reduced to metallic copper, 

Na,S,0, + Cu,Cl, = 2Cu + 2NaCl + 2S0,, 
whilst in presence of further excess of hyposulphite the finely 
divided copper is converted into cupric sulphide, 
Cu + Na,S,0, = CuS + Na,.SQ,. 

Owing to the continuous change in the conditions as the reaction 
proceeds, it is impossible to represent the complete phenomena 
by any simple set of equations. The reactions set out above repre- 
sent only the main types; others of more complex but of less 
fundamental character are taking place simultaneously, tending 
in the main to yield the same final products. 


Summary. 


1. At temperatures up to 30°, a solution of cupric chloride is 
reduced by sodium hyposulphite to cuprous chloride, which is 
permanent in presence of excess of cupric chloride. 

2. With increasing amounts of hyposulphite the cuprous chloride 
is first reduced to metallic copper and finally converted into cupric 
sulphide. 

3. At temperatures from 50—75°, the final product, if cupric 
chloride is present in excess, is mainly cuprous sulphide, which is 
converted into cupric sulphide by excess of sodium hyposulphite. 


University COLLEGE, NorrincHamM. [Received, April 27th, 1923.] 


1520 PERKIN : BAEYER MEMORIAL LECTURE. 


Baeyer Memorial Lecture.4 
DELIVERED ON May 10TH, 1923. 
By Witiiam Henry Perkin, LL.D., F.R.S. 


THE survey of the present position of Chemistry, and more particu. 
larly of Organic Chemistry, cannot fail to leave the impression that 
a definite period in the development of the Science has closed with 
the decease of Adolph von Baeyer and of Emil Fischer. The 
influence of these men has been profound, mainly, no doubt, 
because of the immense amount of work of fundamental importance 
which they have left behind, but to a scarcely less degree by reason 
of their influence as teachers. 

Their methods as investigators and teachers were remarkably 
similar in almost every particular, as indeed might be expected 
when it is remembered that Emil Fischer was not only a pupil, and 
perhaps the most distinguished pupil, of Baeyer, but was also, for 
a long period, Baeyer’s principal assistant, and he thus had every 
opportunity of learning the methods of teaching and the art of 
experimenting characteristic of his great teacher. In charge of 
iarge laboratories overcrowded with students, especially in later 
years, the first care of both these men was to see that the foundations 
of the Science, whether the section was Inorganic or Organic, were 
systematically and very thoroughly taught. With this object in 
view, the professor himself undertook the first elementary course 
of lectures and placed his most distinguished Privatdozent in charge 
of the teaching of practical Inorganic Chemistry, and thus the 
foundations were truly laid and, when the study of Organic Chemis- 
try was subsequently undertaken, it was not until a sound knowledge 
of Inorganic Chemistry had been secured. Great stress was laid, 
both by Baeyer and by Emil Fischer, on a very thorough training 
in manipulation and the technique of experimenting, with the 
result that when the time came to engage in original work, the 
student was in a position to undertake his task with every prospect 
of success and needed only the minimum of supervision. The life 
and work of Emil Fischer has been ably dealt with by Dr. M. 0. 
Forster in a Memorial Lecture delivered before the Society on 


* In compiling this Memorial Lecture, I have obtained much information 
from the “ Erinnerungen aus meinem Leben,” which Baeyer himself wrote 
as an Introduction to the two volumes of collected papers published in 1905, 
on the occasion of his seventieth birthday, by his pupils and friends. I have 
also made free use of Addresses delivered by Professor Willstatter in 1916 
and 1917 and published in Die Naturwissenschaften and the Zeitschrift fiir 
angewandte Chemie, copies of which the author kindly placed at my disposal. 
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October 28th, 1920; and it is now my pleasant duty to give, even 
if very inadequately, a brief sketch of the life and work of my 
revered teacher, Adolph Baeyer. While we are passing in review 
the wonderful achievements of Baeyer, and attempting to follow 
the sequence of his brilliant researches, it may be useful to remember 
the conditions which prevailed during the time that his career as a 
teacher and investigator was developing. 

Baeyer’s long life covered the period from the first railway train 
almost to the present day, from the time of Faraday’s laws of 
# electrolysis to the discovery of the inert gases and of the radioactive 

dements. He was born in 1835, shortly after the publication of 

the synthesis of urea by Wohler, the discovery of aniline and phenol 
# in coal tar by Runge, and the preparation of benzene from benzoic 

acid and its nitration by Mitscherlich. While he was still a boy, 
§ Liebig and Wohler published their famous paper on benzoyl which 
# \ed to the enunciation of the radicle theory, and the completion 
of his thesis for the Degree of Doctor, “‘ Ueber die Verbindungen 
des Arsens mit dem Methyle,”’ coincided almost exactly with the 
publication of Kekulé’s great work “ Ueber die Konstitution und 
die Metamorphosen der chemischen Verbindungen und tber die 
chemische Natur des Kohlenstoffs.”’ 

During the period when Baeyer was Privatdozent in Berlin, the 
benzol theory of Kekulé and the discovery of the periodic arrange- 
ment of the elements by Lothar Meyer and Mendeléev appeared, and 
at the time when Baeyer was at Strassburg, van’t Hoff published 
his ‘‘ Chemistry in Space.” 

A great reader of the literature, Baeyer absorbed everything 
directly it was published and immediately discussed any develop- 
ment, which seemed to him to be important, with those engaged 
in research in his laboratories, and it is stated that, in his later 
years, the isolation of the inert gases and the discovery of radium 
and radioactivity were subjects which particularly delighted him. 

But it was the atmosphere of the laboratory which was Baeyer’s 
real joy, and those who have been privileged to see the great man 
moving about from day to day among his test-tubes and preparations 
are not likely to forget the experience. 

Baeyer’s first papers—“‘ Notiz tiber idiochemische Induction ” 
and ‘‘ Ueber das Methylchloriir’*’—appeared in 1857 (Annalen, 
103, 178 and 181), while he was working in Heidelberg in 
Bunsen’s laboratory, and his last paper, published when he was 
eighty years of age, is to be found in the Annalen of 1915 (407, 
332). During this period of fifty-eight years he published a steady 
stream of researches, each one characterised by some observation 
of interest; and many of these communications have, of course, 
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become classical and have left an indelible impression on the progress 
of our Science. 

Johann Friedrich Wilhelm Adolph Baeyer was born on October 
31st, 1835, in Berlin. His father, Johann Jakob Baeyer, was a 
captain in the Prussian army, and his mother, Eugenie, was a 
daughter of Julius Eduard Hitzig, Director of the Criminal Court 
in Berlin. In his young days, Baeyer came much into contact with 
men well known in the literary circles of the time and also with 
prominent historians who visited regularly at his father’s house, 
but in his ‘‘ Erinnerungen aus meinem Leben,” he states that he 
found little which really interested him in studies of this kind. It 
is remarkable that even as a boy he developed a strong desire to 
study nature, and this instinct was greatly assisted by the frequent 
journeys which he took into the country with his father during the 
school holidays. On these occasions, his father was usually occupied 
in making trigonometrical observations, which were to form part 
of a general survey of the land, and the boy was left much to himself 


with nature as his playground. Doubtless it was in this way that | 


the fondness for botany was acquired which remained throughout 
his life. 

The first chemical experiments seem to have been made at a 
very early age and to have caused not a little inconvenience to his 
family and the visitors to the house. On one occasion the state 
.of the atmosphere in the house was such that the poet Paul Heyse, 
who was a visitor at the time, had occasion to remark : 


“ Es stinkt in diesem Haus gar sehr 
Das kommt vom Adolf Baeyer her.”’ 


His actual introduction to Chemistry seems to date from his ninth 
birthday, when his father, having found it impossible to keep him 
from carrying out wild experiments, to the continual annoyance 
and danger of the rest of the family, thought it wise that he should 
go through some definite course and therefore gave him a copy of 
Stockhardt’s “‘ School of Chemistry,” which was a very popular 
book at that time. 

Baeyer relates that he was allowed to fit up a small room in the 
house as a primitive laboratory and that, with the aid of a school 
friend, whose main business seems to have been to clean the scanty 
stock of apparatus, he had soon worked through the whole of 
Stockhardt. It was in 1847, when he was twelve years of age, that 
he made his first new substance, a crystalline double salt of copper 
and sodium carbonates, and this he obtained accidentally, in fine, 
deep blue crystals, by mixing copper sulphate with sodium carbonate 
and allowing the solution to stand for some days. This salt was 
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investigated in 1851 by Struve and by Gentele, who made it in the 
sme way as Baeyer had done, and they showed that it has the 
composition CuCO,,Na,CO,,3H,0. 

The more serious study of Science seems to have begun when 
Baeyer was about thirteen years of age, and was due to his coming 
uder the influence of K. Schellbach, one of the teachers at the 
school he was attending, who subsequently became well known 
on account of the influence he exercised on the improvement of 
the teaching of science in general and in the Prussian schools in 
particular. Under Schellbach, of whom he speaks in glowing terms 
and whose assistant he subsequently became, Baeyer studied 
Mathematics and Physics with the greatest keenness and became 
so interested in these sciences that he seriously considered devoting 
his main attention to them when the time came to go to the Univer- 
sity. He seems, however, still to have kept his interest in Chemistry, 
for he relates that he also worked through all the experiments 
described in Wohler’s “ Leitfaden der organischen Chemie.” 

A year or two later, when he was fifteen, Baeyer seems, for some 
reason which is not quite apparent, to have lost much of his interest 
in Physics and Chemistry and to have devoted all his spare time to 
the study of Botany and Geology, and so keen did he become that 
when seventeen he undertook, in company with Ferdinand von 
Richthofen, who was two years his senior, a six months’ tramp from 
Triest through Dalmatia and Montenegro and back over the Eastern 
Alps, with the main object of collecting material to help him in 
his further studies. However, this change of occupation, which 
no doubt was very useful training, did not last long, for, after the 
usual period of military service, we find Baeyer coming to the 
definite conclusion that Chemistry was to be the work of his life. 

With a view to the systematic study of Chemistry, he made up 
his mind that the best thing to do, in the first place, was to proceed 
to Heidelberg and study under Bunsen, whose laboratory was then 
the most famous in Germany, and there he came at once into contaet 
with Roscoe, Lothar Meyer, Lieben, and Beilstein, who were working 
in Bunsen’s laboratory at the time Partly in consequence of the 
early experience gained in the small laboratory in his father’s house 
and partly as the result of hard work in Heidelberg, he was informed 
at the end of the first Semester, by the assistant under whom he 
worked, that he had made sufficient progress in qualitative and 
quantitative analysis to start a piece of original work, and the first 
task given him was to help Bunsen and Roscoe with their well- 
known experiments on the combination of chlorine and hydrogen 
under the influence of light, and the results of these investigations 
were published in 1857 (Annalen, 103, 178). In the same volume 
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of the Annalen (p. 181), Baeyer published, moreover, a short account 
of a research on methy]! chloride, also undertaken at the suggestion of 
Bunsen. 

Bunsen was desirous of finding out whether methyl chloride 
prepared by the chlorination of methane was the same substance 
as is obtained when hydrochloric acid acts on methyl alcohol, and, 
if so, whether it is identical with the chloromethyl which results 
from the action of heat on the hydrochloride of cacodylic acid, 
During the course of this investigation, Baeyer discovered the 
crystalline hydrate of methyl chloride, CH,C1,7H,O, but although 
he’ was able with its aid to show that the methyl chloride from 
cacodylic acid is the same as that from methyl alcohol and hydro. 
chloric acid, he was unable to prove identity with the product of 
the chlorination of methane, mainly on account of the complexity 
of the product he obtained as the result of that chlorination. The 
proof of identity was, however, supplied two years later by Berthelot 


(Annalen, 105, 242). When he had completed these researches, | 


Baeyer began to feel that he had reaped as much benefit as he could 
hope to do from Bunsen’s laboratory; he had learnt inorganic 
analysis as well as the methods of gas analysis, which were being 
developed by Bunsen at that time, but he had not obtained much 
insight into theoretical chemistry, and especially had made little 
progress with the study of Organic Chemistry, mainly because 
Bunsen had lost much of his earlier interest in Organic Chemistry 
and no longer encouraged its study. 

At that time, August Kekulé, who was then Privatdozent in 
Heidelberg, had rented a small house and converted one room and 
the kitchen into a primitive laboratory, and Baeyer asked permission 
of Kekulé to be allowed to work with him in this laboratory as his 
first pupil. Thus it came about that Baeyer, although he worked 
for rather less than two years in this private laboratory, came to 
be known as a pupil of Kekulé. With the scanty accommodation 
and small stock of apparatus available, Baeyer continued his 
researches on cacodyl trichloride, and during the course of these 
experiments he accidentally discovered arsenic methyl chloride. 
Not grasping the dangerous nature of the substance he had made, 
he investigated its odour, with the result that he fainted and nearly 
lost his life. 

Having completed this research, Baeyer returned to Berlin in 
1858 and presented it, as was the custom at the time, in Latin, and 
under the title “‘ De arsenici cum methylo conjunctionibus,”’ as his 
thesis for the Degree of Doctor. The difficulty of the work was 
apparently not realised, because the thesis was coldly received, and 
this want of appreciation, aided by a poor oral examination, resulted 
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ina second class (magna cum laude) which Baeyer says was as much 
as he had expected. 

Kekulé had in the meantime been called to Ghent as the successor 
to Stas, and Baeyer relates that in the winter 1858/59 he decided 
to follow Kekulé in order to work in his new laboratories, particularly 
with a view to the further study of Organic Chemistry, about which, 
he says, he still knew very little. 

On the way from Heidelberg to Ghent he made the acquaintance 
of a manufacturer named Adolph Schlieper, who had worked on 
uric acid under Liebig, and, on parting, Schlieper gave him a box 
containing his preparations with the request that he would continue 
their investigation. The practical work which Baeyer could do 
in Kekulé’s laboratory in Ghent was, however, much interfered 
with by military service, but he nevertheless managed to finish a 
research on the esters of allophanic acid, which he had begun in 
Heidelberg, and to find time to make a careful examination of the 
contents of the box which Schlieper had given him. 

One result of the experiments which he did with these specimens 
was the discovery, in 1860, of pseudo-uric acid, a valuable piece of 
work which he published in conjunction with Schlieper. He made 
many attempts at the time to convert this acid into uric acid by the 
elimination of water, but in vain, and it was not until 1895 that this 
important step in the synthesis of uric acid was accomplished by 
Emil Fischer by heating with anhydrous oxalic acid. 

Two years later, Fischer showed that this change may be more 
conveniently brought about by heating with much dilute (20 per 
cent.) hydrochloric acid, a reagent which Baeyer had also employed, 
but unsuccessfully, the reason of the failure being, as he himself 
states, that the acid he had used was too concentrated. 


The Berlin Period. 


In the spring of 1860, Baeyer returned to Berlin, became Privat- 
dozent, and shortly afterwards received the appointment of Teacher 
of Organic Chemistry in the Gewerbe-Institut in the Klosterstrasse, 
a modest and badly paid post which he held for twelve years. In 
this Institute, he organised a laboratory for practical work and 
gradually collected together a number of keen and zealous workers, 
among whom were Graebe, Liebermann, and Victor Meyer. There 
can be no doubt that it was in this unpretending laboratory in the 
Klosterstrasse that Baeyer gradually acquired that keen penetration 
and marvellous skill in experimenting which subsequently made 
him so famous. 

During these years Baeyer continued his researches on uric acid 


and its derivatives, and gradually brought order out of the chaos 
3F* 
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which had reigned for so long in this difficult and puzzling group; 
subsequently Emil Fischer completed the work by synthesising 
all the more important members of the purine series and it may be 
claimed that, thanks to these brilliant investigators, this important 
chapter is now as clearly understood as any section of Organic 
Chemistry. 

It is probably true that much of the work on which Baeyer 
concentrated his attention during his subsequent career at Strass- 
burg and Munich owes its origin in one way or another to the 
preliminary experiments which were carried out in the laboratory 
in the Klosterstrasse. 

Thus, among the researches published in 1870 from that labora- 
tory, we find the reduction of indigo to indole, by distillation with 
zinc dust, and the synthesis of indigo from isatin. The dis- 
covery of this method of reduction by distillation with zinc dust 
had far-reaching results, for in the same year and in the same 
laboratory, Graebe and Liebermann succeeded, by its aid, in 
reducing the colouring matter of the madder plant to anthracene— 
an achievement of immense importance which was always a source 
of great satisfaction and delight to Baeyer. This result enabled 
Graebe and Liebermann to bring about the synthesis of alizarin 
from coal-tar anthracene, a remarkably fine piece of work, which 
laid the foundation of the alizarin dyestuff industry, not only in 
Germany, but also in this country. 

The long and difficult researches on uric acid and its derivatives, 
which had occupied so much of his attention for so many years, 
coupled with his previous training in botany, had the interesting 
result of causing Baeyer to turn his attention to the problems of 
physiological chemistry and especially to the question of the assimi- 
lation of carbonic acid by plants and the mechanism of the synthesis 
of the sugars. 

The paper “ Ueber die Wasserentziehung und ihre Bedeutung 
fiir das Pflanzenleben und die Gahrung,”’ published in 1870 (Ber., 3, 
63), is full of the most interesting and remarkable theoretical 
views. In this communication, the brilliant and entirely novel 
suggestion is made that the formation of sugar in the plant is due 
to the reduction of carbonic acid, in the green leaves and under the 
influence of light, to formaldehyde, which then undergoes condens- 
ation with the formation of grape sugar. This condensation of 
formaldehyde to a sugary substance by the action of alkalis had 
shortly before been actually achieved by Butlerow. Baeyer seems 
also to have inclined rather to the view that, as chlorophyll is so 
similar in many ways to hemoglobin and the latter has great affinity 

for carbon monoxide, it is probable in the formation of formaldehyde 


. PERKIN: BARYER MEMORIAL LECTURE. 1527 


that chlorophyll first dissociates the carbonic acid of the atmosphere, 
liberating oxygen and combining with the carbon monoxide. Then 
the combined carbon monoxide is reduced by the constituents of 
the cell to formaldehyde. Very interesting and suggestive are the 
views which Baeyer expresses in this paper on the question of the 
nature of fermentation, during the development of which he put 
forward a formula for grape sugar which is identical with that 
employed at the present day. When the rudimentary state of 
the knowledge of structural Chemistry which obtained at that time 
is taken into account, the theoretical views contained in this paper 
can only be described as an extraordinary achievement. Thissame 
paper is also remarkable on account of the views advanced to explain 
the mechanism of the elimination of water in the course of simple 
decompositions such as, for example, the conversion of glycerol 
into acrolein, processes which were at that time difficult to under- 
stand; and it is clear that these views had an important influence 
on the development of that long series of researches on “‘ condens- 
ation’ which occupied so much of Baeyer’s attention during 
subsequent years. The study of the phenomenon of condensation 
seems to have had its actual origin in an investigation of the action 
of acids on acetone (Annalen, 1866, 140, 297), in the course of which 
Baeyer worked out the conditions for the formation of mesityl 
oxide and phorone, and it is most interesting to read the views 
which he expresses at the end of the paper on the mechanism of 
these condensations and the constitutions of these substances. 
This research gradually developed in all kinds of directions until 
it came to include all sorts of condensations very far removed from 
the origina] acetone condensation ; such, for example, as the condens- 
ation of hydrocarbons and phenols with aldehydes under the most 
varied conditions. It was in this way that the phthaleins were 
discovered, and in describing how phthalic anhydride came to be 
employed in these condensations, Baeyer explains that the first 
object of these experiments was an attempt to condense together 
phenolic substances in the hope of synthesising plant products, 
during the course of which he thought that phthalic anhydride 
might perhaps prove useful as a mild dehydrating agent. This 
led to the discovery of many valuable dyestuffs such as gallein, 
the condensation product of phthalic anhydride and pyrogallic 
acid, and of ccerulein, the green anthracene dyestuff obtained by 
heating gallein with sulphuric acid. These and other well-known 
members of the group, of which it is only necessary to mention 
fluorescein, eosin, and the rhodamines, are among the most beauti- 
ful of all the artificial colouring matters, and for this reason they 


soon became and still are of immense technical importance. 
3 F* 2 
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The Strassburg Period. 


The position which Baeyer held at the Gewerbe-Institut in the 
Klosterstrasse was in many ways a difficult one; the authorities 
apparently did not realise the fine work which was being done, and 
when it was suggested, after a stay of ten years, that some addition 
might well be made to the quite inadequate salary attaching to the 
post, the suggestion was rudely refused. 

In spite of this, when offered the Chair of Chemistry at K6nigsberg 
in 1870 as successor to Werther, Baeyer elected to remain in Berlin, 
even although the conditions were not to his liking. The great 
change from the rather unimportant post in the Klosterstrasse to a 
Chair in a University was, however, soon to come, and in 1872 
Baeyer received and accepted the call to Strassburg, as Professor 
of Chemistry and Director of new laboratories, which, although not 
then in existence, were to be erected immediately. It is interesting 
to note what a remarkably able staff there was in Strassburg at that 
time, for apart from Baeyer and Heinrich Rose, Physics was repre- 
sented by Kundt, Réntgen, and Exner, and Groth was the 
mineralogist. 

Perhaps the most important event in the early days in Strassburg 
was the arrival of Emil and Otto Fischer, who, attracted by the fame 
of Baeyer, decided in the autumn of 1872 to settle in Strassburg 
and study Chemistry in the old laboratories which were still in use. 
At that time the instruction in Inorganic Chemistry was in the able 
hands of Rose, who had recently come from Heidelberg, and he at 
once introduced the system of teaching, and especially the analytical 
methods, of Bunsen. Emil Fischer, in his ‘‘ Erinnerungen aus der 
Strassburger Studienzeit,’’ relates how attractive these simple and 
rapid methods of analysis were in comparison with the long and 
tedious processes he had been taught to use while he was studying 
at Bonn. 

When the time came to begin original work, Baeyer suggested 
to Emil Fischer that he should continue the investigation of the two 
hexahydromellitic acids—hydromellitic acid and isohydromellitic 
acid—which Baeyer had obtained from mellitic acid from Honigstein 

in 1870 (Annalen, Suppl. 7,1). With this object in view, Baeyer 
handed over to Emil Fischer the large supply of Honigstein which 
he had gradually collected, but the research, unfortunately, came 
to nothing. One reason for this was the want of experience of the 
methods of manipulation in Organic Chemistry which Emil Fischer 
then had at his command, but the main cause of the failure was an 
accident due to the floor of the old laboratory giving way, with the 
result that Emil Fischer fell through, while he was carrying the 
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product of the reduction of half a kilogram of mellitic acid and a 
large quantity of mercury. It thus became necessary to make a 
start with another piece of original work and this again was suggested 
by Baeyer. 

At that time, the whole laboratory was engaged in the investi- 
gation of the condensation products of aldehydes with aromatic 
hydrocarbons and phenols, which Baeyer had begun in Berlin, and 
Fischer now joined hands with the others and with such success 
that he was shortly afterwards able to publish the results of his 
investigation in the Berichte (1874, 7, 1211) under the title 
“Ueber Fluorescein und das Phthalein des Orcins.” In 1873, the 
attendance in the chemical laboratory had increased to such an 
extent that it became absolutely necessary to provide additional 
space and, as the result of urgent representations made to the 
authorities, building was commenced immediately and progressed 
so rapidly that the new laboratories were in active use during the 
following year. 

Partly because of the interruption of work due to the building of 
these new laboratories and partly on account of the large amount 
of time which had to be given to the organisation of the courses of 
study, the two and a half years at Strassburg must be looked upon 
as merely a transition stage in the career of Baeyer. It is true that 
many of the researches which had been begun in Berlin were 
developed in various directions and with very interesting results 
in the Strassburg laboratories, but very little actually new work 
was started. One discovery of far-reaching importance must, 
however, be recorded, and that is the first preparation of nitroso- 
dimethylaniline and its conversion into nitrosophenol, which 
Baeyer and Caro published in 1874 (Ber., 7, 809, 963). 

During the early months of 1875, Baeyer was invited to the Chair 
of Chemistry in Munich, as the successor to Liebig, and although 
he ultimately accepted the invitation, he seems to have taken this 
step with a good deal of hesitation and only after very careful 
consideration. He states in his ‘“ Erinnerungen”’ that he would 
not have hesitated in ordinary circumstances for a moment, because 
of the much greater importance of Munich as a University and also 
because he considered it an honour to be asked to follow Liebig. 
But the political situation in Bavaria was not to his liking, and he 
also felt that it was not quite fair to Strassburg to leave the 
laboratories he had just built when he had been there for so short 
a time. 

In these circumstances, he travelled to Berlin in order to consult 
the many friends he had made during his long stay in that city, and, 
as all were unanimous in advising him to accept the invitation to 
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Munich, he decided to make the move, and thus the Strassburg 
period came to an end. 


The Munich Period. 


The situation which confronted Baeyer on his arrival in Munich 
was in many ways an exceptionally difficult one. When Liebig, 
in 1852, accepted the invitation of Kénig Max to become Professor 
of Chemistry in Munich, it was on the distinct understanding that 
he should be completely free from laboratory teaching. It is 
remarkable that, in spite of the magnificent experimental work 
which was the outstanding feature of his earlier years, Liebig’s 
interest in experimental investigation should have disappeared so 
completely that he no longer thought it necessary that the Professor 
of Chemistry in Munich should have a laboratory of his own or 
indeed a laboratory of any kind for the training of students. His 
main interest, in his later years, seems to have been confined to 
lecturing and to studying the applications of Chemistry to Agri- 
culture and Medicine. It is true that his lectures were very 
popular and were attended by the King and the Royal Family and 
also by the Ministers of State, and they seem also to have been 
largely patronised by the general public. 

As there was no laboratory, there were necessarily no students 
of Chemistry, and it was evident that Liebig had no desire to 
continue the famous tradition of the Giessen School. Whilst it is 
difficult to understand Liebig’s attitude towards laboratory teaching, 
it is still more amazing that the Government of the day should have 
consented to allow this state of things to continue for more than 
twenty years (1852—75). 

On his arrival, Baeyer recognised at once that his first task was 
to provide for the proper teaching of practical Chemistry and, in 
order to do this, it was clearly necessary to proceed at once with 
the plans for suitable laboratories. It is evidence of the largeness 
of view which Baeyer took of the situation, that the laboratories 
he designed were laid out on a scale which must have appeared.quite 
out of proportion to the needs of those days. However, his plans 
were adopted and the building, which was begun early in 1876 and 
was ready for occupation in the autumn of the following year, is 
still a fine building and admirably suited for its purpose. The 
laboratories were indeed so well designed in all their details that they 
long served as a model for the other laboratories which gradually 
sprang up in all the principal University towns in Germany. 

In organising the courses of instruction in practical Chemistry, 
the Inorganic section of the subject was placed in the hands of 
Jakob Volhard, and his first successor in the line of famous chemists 


urg 
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who taught Inorganic Chemistry in Munich was Emil Fischer. The 
teaching of Organic Chemistry seems, from the beginning, to have 
been entirely in Baeyer’s own hands and he also delivered the 
elementary lectures in Inorganic Chemistry and indeed continued 
to do so right up to the time of his resignation in the year 1915. 
The research work carried on during the first ten years in Munich 
was mainly devoted to the continuation of the various investigations 
in the group of the phthaleins, as well as to the development of the 
series of researches on the condensation of aldehydes with phenols, 
and particularly to the first really serious study of the indigo 
problem. It was during these years that the mechanism of the 
condensation of phthalic anhydride with phenols was clearly 
established. In the first place, it was shown that phthalide, which 
had been thought to be an aldehyde, was in reality a lactone, and 
subsequently phthalophenone, which Friedel and Crafts had obtained 
from phthalyl chloride by condensation with benzene in the presence 
of aluminium chloride, was also shown to be a lactone and was 
recognised as the parent substance from which the phthaleins were 
derived. 

In a lecture delivered at the Hofmann House in Berlin on October 
20th, 1900, Baeyer states that the original impulse to work on 
indigo can be traced to an incident which occurred when he was 
only thirteen years of age. It seems that on his thirteenth birthday 
he was given a two-thaler piece with which he bought a lump of 
indigo, and he appears to have been immediately fascinated with 
the properties of the substance, and this fascination remained until 
he had completely solved the chemistry of the colouring matter. 
He did not, however, begin to investigate indigo experimentally 
until 1865, and then he carried out and published the results of a 
series of experiments which were very remarkable, especially when 
the state of Organic Chemistry at that time is taken into account. 
In the course of these experiments, he examined the properties of 
indigo in detail and prepared several important derivatives, among 
which was isatin. He showed that, isatin on reduction yields first 
dioxindole and then oxindole, and that these substances, on distil- 
lation with zinc dust, are reduced to the parent substance, indole. 

In 1870, in conjunction with Emmerling, he achieved the first 
synthesis of indigo, which, as is well known, was the result of 
heating isatin chloride with phosphorus and hydriodic acid. In 
view of the extraordinary interest attaching to this discovery, it is 
remarkable, and indeed unlike Baeyer, that the matter was at the 
time not immediately followed up, but this was due to the fact that 
Baeyer put aside the work out of consideration for Kekulé, and 
thus it came about that nothing more was done with the indigo 
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problem for eight years. In 1869, Kekulé had published a paper 
in which he stated that he proposed to carry out a series of experi- 
ments having for their special object the synthesis of isatin, and, in 
order not to interfere with this work, Baeyer decided to leave the 
further development of the whole indigo problem to Kekulé. How. 
ever, nothing came of Kekulé’s work, and as no one else appeared 
to be occupied with the indigo problem, Baeyer, soon after his 
arrival in Munich, again took up the subject, and between 1878 
and 1884 those classical researches on indigo and its derivatives 
appeared which will always be intimately associated with the name 
of Baeyer. These investigations must always rank among the 
most brilliant in the whole range of organic analysis and synthesis: 
for not only did they throw a flood of light on the constitution of 
indigo and clearly demonstrate its close relationship to indole, 
but they also gave to the world those marvellous syntheses which 
are the wonder of every chemist who repeats them. It has already 
been mentioned that the first synthesis of indigo (1870) was the 
conversion of isatin chloride into indigotin by reduction with 
hydriodic acid and phosphorus, but this process, interesting though 
it was, did not proceed smoothly enough to allow of its acceptance 
as definite proof of the constitution of the colouring matter. Of far 
greater importance were the syntheses (1880) from o-nitrophenyl- 
propiolic acid by the action of alkaline reducing agents and the 
synthesis from o-nitrobenzaldehyde and acetone which Baeyer and 
Drewsen subsequently published in 1882. But the most elegant 
synthesis, also published in 1882, is unquestionably that from 
di[ -o-nitrophenylacetylene], a brilliant piece of experimenting which 
even Baeyer has seldom surpassed. These synthetical processes 
very naturally attracted the attention of the German dye works, 
and a great amount of work was feverishly carried out by an army 
of research chemists in the hope that the development of these 
syntheses might lead to a successful process for the manufacture 
of indigo. But in the technical application of the results of his 
researches Baeyer took little if any active part, his interest in indigo 
seems to have completely disappeared so soon as he had finished his 
scientific investigations, and he was more than content to leave any 
technical development and pecuniary advantage to others. The 
fact that Baeyer would not assist in solving the very great difficulties 
which beset the manufacturer, in his desire to discover a commercially 
successful process for the manufacture of indigo, caused a good deal 
of ill-feeling, particularly in view of the fact that very large sums 
of money were being spent on experimental work, and process after 
process was tried only to be ultimately given up as too expensive. 

In his own account of his indigo researches, Baeyer states that 
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in 1885 he began to feel severely the mental strain inseparable from 
his long series of investigations in this group, and he became indeed 
so exhausted and acquired such a distaste for the whole subject 
that he determined to have no more to do with it and to seek relief 
ina complete change of work. The first subject which now occupied 
his attention was an investigation in the polyacetylene group which 
may have had its origin in a series of experiments on simple acetylene 
derivatives which Berend and Liebermann had carried out in his 
laboratories during the Berlin period. ‘The object of the work 
seems to have been a desire to join molecules of acetylene together 
until a substance was produced which contained so small a pro- 
portion of hydrogen that it might be expected to exhibit close 
resemblance to the diamond; but Baeyer recognised that such a 
substance would, in all probability, prove to be a very explosive 
modification of the diamond. Baeyer used to say that he thought 
it conceivable that the diamond might contain a minute amount 


# of hydrogen, since it had been stated that traces of water were 


always produced when diamond dust was burned in oxygen. From 
this idea of adding acetylene grouping to acetylene grouping there 
arose a most brilliant experimental investigation on the poly- 
acetylenes and polyacetylenecarboxylic acids which, owing to the 
explosive nature of the substances dealt with, had to be carried out 
with minute quantities of material. There is probably no piece 
of work in which Baeyer’s experimental skill is more strikingly 
exemplified than in the papers “‘ Ueber Polyacetylenverbindungen,”’ 
published in 1885. 

Starting with dibromosuccinic acid, Baeyer converted this by 
the action of alkalis into acetylenedicarboxylic acid and then by 
elimination of carbon dioxide into propargylic acid. The copper 
derivative of the ester of this acid yielded, on oxidation with 
ferricyanide and subsequent hydrolysis, diacetylenedicarboxylic 
acid, CO,H-C=C—C=C-CO,H, from which  diacetylene, 
CH=C—C=CH, was obtained and, on repeating the process with 
this acid, tetra-acetylenedicarboxylic acid, 

CO,H-C=C—C=C—C=C—C=C:CO,H, 
resulted as a colourless, crystalline substance which became rapidly 
black on exposure to light and was, in anything but very small 
quantities, spontaneously explosive, so that it was quite out of the 
question to hope to lengthen the acetylene chain any further than 
this. It was the author’s good fortune to be allowed to take part 
in and watch these experiments, and the experience of the experi- 
mental skill with which Baeyer carried out these very ticklish 
operations, with no other apparatus than test-tubes and glass rods, 
is to this day a very lively recollection. 
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At the end of the second paper on polyacetylene derivatives, 
section is devoted to ‘‘ Theoretische Betrachtungen,” and this 
contains the famous “ Spannungs Theorie,” as well as the theory 
of the treble linking. 

The Spannungs Theorie deals with the theoretical considerations 
underlying the stability of the various rings containing multiples 
of methylene such as ethylene, trimethylene, tetramethylene, 
pentamethylene, hexamethylene, etc., and is based, as is well 
known, on the strain to which the valencies of carbon, directed 
from the centre to the corners of the tetrahedron model, must be 
subjected in order to bring them into the configuration of these 
various closed rings. This theory has been of immense value and 
a great incentive to further work on closed rings, and although 
the original conception has been somewhat modified by the work 
of Thorpe, Ingold, and others, it still remains a brilliant and highly 
suggestive piece of theoretical work. The complete statement of 
this theory is set out in two and a half pages of print, and is indeed 
a marvel of concise and accurate expression, which may serve as a 
model for writers of papers of the present day to show how few 
words and how little space are often really necessary to make clear 
even so novel a theory as the “ Spannungs Theorie ” was at the 
time it was put forward. 

Between the years 1884 and 1893, Baeyer published a mass of work 
of a very varied kind, including as it did the synthesis of hydrindene- 
carboxylic acid, tetrahydronaphthalenedicarboxylic acid, and naphth- 
alene, a discussion of the synthesis of acetoacetic ester, the important 
synthesis of phloroglucinol by the action of heat on the sodium 
derivative of malonic ester, and the conversion of phloroglucinol into 
the trioxime, which showed for the first time that phloroglucinol 
may function both as trinydroxybenzene and triketohexamethylene. 

These researches gave rise to the well-known series of investi- 
gations on the properties of succinylsuccinic ester and to the study 
of the conditions under which p-dihydroxyterephthalic ester changes 
into this ester, and thus evidence gradually accumulated which led 
Baeyer to draw the general conclusion that certain benzene deriv- 
atives, and the hydroxy-derivatives in particular, are, in many 
cases, capable of being converted by tautomeric change into 
derivatives of hexahydrobenzene. The inquiry into the mechanism 
of these and other remarkable changes of the same character made 
it evident to Baeyer that the Kekulé formula for benzene did not 
satisfactorily account for the existence of such tautomeric modifi- 
cations, and, as an alternative, he suggested the well-known centric 
formula for benzene which had also been put forward by Armstrong. 

Another outcome of these researches was the discovery of a 
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simple method for the preparation of p-diketohexamethylene 
and of its conversion into p-dihydroxyhexamethylene (chinitol) 
and then into di-, tetra-, and hexa-hydrobenzene. 

It was during the course of this epoch-making investigation that 
Baeyer first put forward the important generalisation that the 
distinctive aromatic character of benzene and its derivatives is 
entirely destroyed when the nucleus is reduced, and that substances 
like di-, tetra-, and hexa-hydrobenzene have no longer an aromatic 
character, but are essentially similar in properties to substances 
belonging to the aliphatic series. 

This novel view of the character of the simple reduced benzenes, 
as well as other theoretical considerations which had emerged during 
the progress of the researches under review, suggested to Baeyer 
the desirability of taking up the systematic investigation of the 
reduction of benzene derivatives and especially the study of the 
reduction of the phthalic acids, a field of work already somewhat 
familiar to him on account of his earlier researches on the reduction 
of mellitic acid. It is impossible to give even a brief survey of these 
intricate investigations, which are so masterly in all their details 
that they must always remain as a monument to Baeyer’s experi- 
mental skill and theoretical ability. It must suffice to mention 
the fact that the experiments on the reduction of terephthalic acid 
were so exhaustive that they resulted in the preparation and 


ne- @ characterisation of every hydroterephthalic acid which would be 
th- expected to exist, if our theories of the structure of organic com- 
ant pounds are correct. This series of the reduction products of 
um § terephthalic acid consists of four dihydroterephthalic acids, one of 
nto which exists in cis- and trans-modifications, two tetrahydro-acids, 
nol one existing in cis- and trans-modifications, and one hexahydrotere- 
me. phthalic acid, which again exists in cis- and trans-modifications. 
ti This remarkable agreement between experiment and theory is a 
dy striking illustration of the almost uncanny accuracy of the prevailing 
‘an views of the structure of organic substances. 

ed The reduction of the phthalic acids may be readily brought about 
v- 9 by means of sodium amalgam, but the benzene hydrocarbons and 
ny J} many derivatives of benzene cannot be reduced by this process, 
to and it was not until much later that the method of reduction by 
oa means of hydrogen in contact with nickel, discovered by Sabatier 
de and Senderens, and the still more elegant process devised by 
ot Willstatter of reducing with hydrogen in the presence of specially 


prepared spongy platinum, removed this difficulty and amplified 
and extended the work of Baeyer. 

In the course of the researches on succinylsuccinic ester, which 
occupied much of his attention during the years 1886—1893, 
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Baeyer showed that the methylisopropyl derivative of this ester 
is converted on hydrolysis and subsequent reduction into methyl. 
isopropylchinitol (methylisopropyldihydroxyhexamethylene), from 
which, by elimination of water, he was able to prepare methyl. 
isopropyldihydrobenzene, C,g9H,,. He thus succeeded, with the 
aid of such simple materials as methyl alcohol, acetone, and succinic 
acid, in accomplishing the first synthesis of a terpene. 

The discovery that this synthetical dihydrocymene, containing 
as it does the two double linkings in the nucleus, is not identical 
« with any known terpene greatly surprised and interested Baeyer, 
and it is evident that it was the consideration of this fact which 
induced him to commence that long and brilliant series of investi- 
gations on the terpenes which shortly afterwards began to appear. 

The results of this difficult work are contained in twenty-five 
communications to the Berichte entitled “ Ortsbestimmung in der 
Terpenreihe,”’ and it is curious and worthy of note that all these 
papers, from the first, published in 1893, to the last, which appeared 
in 1899, are marked “ Vorlaufige Mittheilung.”’ This course, not 
adopted in any other series of his researches, would seem to suggest, 
as indeed actually appears to have been the case, that Baeyer was 
never quite satisfied with the experimental results, and especially 
with the theoretical considerations deduced from them, and intended 
at a later date to put the whole subject matter together in the form 
of a pamphlet. This was, however, never done. The suggestion 
has been made that in certain respects, and especially from the 
point of view of theoretical insight and treatment, these researches 
are less brilliant and convincing than much that had gone before. 
The long paper, the fifth of the series, deals, among other matters, 
with the difficult problem of the constitution of dipentene and, in 
discussing this problem at length, it is certainly remarkable that 
Baeyer did not recognise or consider the possibility of the hydroxy 
group in terpineol being situated in the isopropyl] side-chain. The 
view that this hydroxyl group is situated in the partly reduced 
benzene nucleus caused Baeyer to assign to dipentene a constitu- 
tional formula which did not contain an asymmetrical carbon atom, 
and therefore did not account for the fact that dipentene is an 
externally compensated mixture of d- and I- limonenes. In order 
to overcome this difficulty, Baeyer was driven to the assumption 
that dipentene was the first exception to the Le Bel and van’t Hoff 
generalisation, and that this generalisation required extension 
to meet cases of this kind, for he says: “The optical activity of 
limonene must be due to the asymmetry of the molecule as a whole, 
and does not depend on the presence of an asymmetric carbon atom 
in the sense of the doctrine of Le Bel and van’t Hoff.”” This failure 
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to grasp the real character of dipentenc caused a good deal of con- 
fusion at the time, which extended to other members of the terpene 
group, and was responsible for the incorrect formule which were at 
first assigned to carvestrene and sylvestrene. It was not until the 
famous theoretical paper of Wagner appeared in Russian in 1894, 
and terpineol had been synthesised in 1908 from A}1-tetrahydro-p- 
toluic acid, that the nature of this substance can be said to have 
been clearly understood and its constitution established. In spite 
of the confusion connected with the constitution of limonene, the 
terpene researches of Baeyer contain a great amount of very accurate 
theoretical work of the highest importance. Very brilliant, for 
example, both from the experimental and the theoretical points 
of view, is the series of researches on the conversion of the naturally 
occurring ketone carvone into carone and the oxidation of the 
latter to caronic acid, which Baeyer obtained in cis- and trans- 
modifications and recognised as gem-dimethyltrimethylene- 
dicarboxylic acid. This remarkable and highly important acid, 
the constitution of which was subsequently confirmed by synthesis, 
was destined later on to play a great part in connexion with the 
discussion of the ease of formation, stability, and other properties 
of the trimethylene or cyclopropane ring. Baeyer, moreover, made 
the interesting observation that carone may be converted either 
into a derivative of m-cymene or into a derivative of p-cymene, 
according to the direction in which the gem-dimethyltrimethylene 
ring suffers scission. These experiments led, as is well known, to 
the discovery of carvestrene, which, on careful examination, proved 
to be the externally compensated modification of sylvestrene, and 
thus the important conclusion was drawn that this constituent of 
pine-needle oil is that derivative of m-cymene which corresponds 
to limonene in the p-series. Perhaps of still greater significance 
are the elaborate series of experiments which Baeyer carried out 
on the oxidation of pinene, since these furnish the proof, which at 
the time was wanting, that the Wagner formula for pinene, contain- 
ing a gem-dimethyleyclobutane ring and one double linking in the 
reduced benzene nucleus, is the correct representation of the 
constitution of this most widely distributed of all terpenes. In 
the course of these difficult experiments, Baeyer isolated and 
characterised pinonic acid, pinic acid, and norpinic acid, a series 
of acids of more than ordinary interest on account of the fact that 
they all contain the gem-dimethylcyclobutane ring assumed by 


' Wagner to exist in pinene. It is remarkable that, whilst nearly 


all the degradation products of the terpenes have now been prepared 
synthetically and their constitutions quite definitely established, 
all attempts to synthesise the gem-dimethylcyclobutane acids just 
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mentioned have so far been quite unavailing. During the course 
of these researches, Baeyer also discovered pinoylformic acid and 
nopinone, two substances of great interest which he recognised as 
being derived, not from pinene itself but from isopinene (nopinene), 
the isomeride which contains the double linking in the side-chain 
instead of in the ring, and is a constituent of most samples of 
commercial oil of turpentine. 

It was while engaged in researches in the terpene group that 
Baeyer first began to experiment with Caro’s acid, a reagent which 
he found of the utmost value in the determination of the constitution 
of terpenes, and particularly of cyclic ketones of the terpene group. 
In 1898, Caro had discovered that a persulphate, when treated with 
concentrated sulphuric acid, is converted into a new acid which is 
a powerful oxidising agent, but differs from other acid oxidising 
agents in several important particulars, All attempts to isolate 
the new acid failed, but a long and very interesting examination 
of the properties of its solutions clearly proved that it is an oxidised 
sulphuric acid of the formula H,SO;, and for this Baeyer suggested 
the name ‘* Sulfomonopersaure.” 

This oxidising agent was first used by Baeyer with success in 
establishing the constitution of terpinolene, but subsequently he 
found that it was particularly valuable because of its specific action 
on ketones, which it converts into peroxides or in the case of cyclic 
ketones into lactones. On subsequent hydrolysis, these lactones 
yield the corresponding hydroxy-acids, and it is then only necessary 
to determine the constitution of the hydroxy-acid in order to be 
able to deduce the structure of the ketone from which it was derived. 

Following on, and indeed in continuation of, the investigation 
of the oxidising action of Caro’s acid, there began to appear in 1900, 
when Baeyer was sixty-five years of age, the brilliant series of 
researches on peroxides and oxonium salts. Perhaps one of the 
most remarkable features of these papers, all of which were published 
in conjunction with his assistant, Victor Villiger, and deal largely 
with problems connected with Inorganic Chemistry, is the elegant 
series of analytical methods which were developed in the determin- 
ation of the constitution of Caro’s acid and allied acids, as well as 
of the peroxides. It was, no doubt, a natural consequence of the 
discovery of the conversion of ketones into peroxides by the action 
of Caro’s reagent (or a mixture of hydrogen peroxide and sulphuric 
acid, which answers the same purpose) that Baeyer should direct 
his attention to the general question of the formation and properties 
of peroxides. It is interesting in reading these papers to endeavour 
to follow the line of thought which led, from the first simple results, 
to so many developments in such a variety of directions, but this 
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is impossible on the present occasion, and all that can be attempted 
is to indicate quite briefly one or two of the more striking features. 
Benzoyl peroxide, (C,H;*CO),O,, is produced, as is well known, 
when benzoyl chloride reacts with barium peroxide, or with hydrogen 
peroxide in the presence of sodium hydroxide, and Baeyer found 
that this substance is hydrolysed by sodium ethoxide with the 
formation of the sodium salt of benzoyl hydrogen peroxide (benzo- 
persdure), CgH;*CO-O-OH, which is, of course, a powerful oxidising 
agent. The discovery and examination of benzoyl hydrogen 
peroxide gave the explanation of the mechanism, which had for 
so long not been understood, of the ready oxidation of benzaldehyde 
by air. Baeyer showed that benzoyl hydrogen peroxide is first 
produced, and that this then reacts with a second molecule of 
benzaldehyde, yielding two molecules of benzoic acid. 

Another very important development of this research was the 
discovery of the ethyl derivatives of hydrogen peroxide, C,H,-O°OH 
and C,H,*O-O°C,H;, produced by the action of ethyl sulphate on 
hydrogen peroxide in the presence of alkali. These substances are 
colourless liquids which distil at 65° and 95°, respectively; and the 
interesting observation was made that, whilst the former is a power- 
ful oxidising agent, the latter is inert and resembles ether in its 
properties. That diethylhydroperoxide has the formula 

C,H;°0-O-C,H,, 
derived from H-O-O-H, and not 000<CH®. derived from o:70< 
is clearly shown by the observation that, on reduction with zinc 
dust and acetic acid, it yields two molecules of alcohol and not 
ether, as was to be expected if the second formula had been correct. 
Baeyer regarded this as strong evidence in favour of the formula 
H-0-0-H for hydrogen peroxide. 

In the course of these experiments, Baeyer investigated with 
great care the action of silver oxide on hydrogen peroxide, and 
showed, from the accurate measurement of the amount of oxygen 
liberated, that the process takes place in a simple manner according 
to the equation Ag,O+H,0,—2Ag+H,0+0,, whereas Berthelot 
had assumed that an oxide of silver, probably Ag,O,, is first produced 
and then decomposes into silver and oxygen. 

The experiments on benzoyl hydrogen peroxide, on the ethyl 
derivatives of hydrogen peroxide, and on the constitution of 
hydrogen peroxide caused Baeyer to direct his attention to the 
properties of oxygen in general and particularly to the question 
whether oxygen can or cannot function as a quadrivalent element. 
He became specially interested in the brilliant researches of Collie, 
who, in 1899, as the result of his investigation of the salts produced 
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by the combination of dimethylpyrone with acids, had not only 
put forward the view that oxygen can function as a quadrivalent 
element, but, what was still more striking and novel, that it can 
exhibit pronounced basic properties. That substances such 
aurin, fluorescein, and other phthaleins yield salts with sulphuric 
acid had been known since 1876, and in 1896 A. G. Perkin described 
a whole series of salts which yellow colouring matters of the quercetin 
group yield with acids. As these colouring matters are derivative 
of y-pyrone, this observation, in view of the subsequent development 
of the subject, is of considerable historical interest, but, on the other 
hand, A. G. Perkin, in common with others who investigated salts 
of this kind, concluded that they are merely molecular compounds 
of the dyestuff and the acid. Collie and Tickle, however, as the 
result of their experiments on a great variety of salts of dimethyl. 
pyrone, drew the conclusion that the formation of these salts is due 
to the bridge oxygen in dimethylpyrone becoming quadrivalent 
and basic, just as the nitrogen atom in the pyridones and other 
nitrogen derivatives becomes quinquevalent and basic when it 
combines with acids. They therefore named these comparatively 
unstable oxygen salts “ oxonium salts.” Baeyer and the members 
of his staff were at first radically opposed to these views of Collie 
and Tickle, and especially to the suggestion that oxygen could 
assume basic properties. But, as the facts accumulated, Baeyer 
was gradually forced to change his attitude and ultimately he became 
a most enthusiastic supporter of the oxonium theory. In discussing 
this change of view, he says in one place: “ But I am never 
obstinate, nor is it my habit to adhere to any view when I find that 
it no longer agrees with the facts.” In order to examine the whole 
matter for himself, he commenced at the age of sixty-six, and again 
in collaboration with his friend and assistant, V. Villiger, the well- 
known and brilliant series of researches, ‘‘ Ueber die basischen 
Eigenschaften des Sauerstoffs,” and it is remarkable, as illustrating 
his change of attitude, that on the second page of the first paper 
there occurs the subsection, ‘‘ Proof of the fact that all classes of 
organic derivatives of oxygen possess basic properties.”’ At a later 
date, Baeyer somewhat qualified this statement, and showed that 
the peroxides were an exception to this generalisation, since they 
proved to be incapable of yielding oxonium salts. In connexion 
with these researches on the basic nature of oxygen, Baeyer became 
much interested in the basic properties of carbon. The incitement 
to these researches, which belong to the last period of his activities, 
was the observation that triphenylcarbinol dissolves in sulphuric 
acid, yielding a yellow solution of a salt, which, however, on the 
addition of water, is dissociated with separation of the carbinol. 
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In the case of tri-p-anisylcarbinol, the basic nature becomes so much 
more pronounced that this substance is capable of forming salts 
even with dilute acids. Considerable controversy arose as to the 
explanation of this remarkable state of things. Kehrmann was of 
the opinion that, in the formation of the coloured salts of the 
triphenylearbinols, one of the benzene rings became quinonoid, 

ie CoH Vea CH-CH H 
yielding salts of the type OH CL<oHcH> CO“: Baeyer, 
on the other hand, preferred to represent such salts, as, for example, 
triphenylmethylsulphate, as (C,H;),C-~~-O°SO3H, the curved line, 
called by him the carbonium linking, indicating the particular 
valency which is capable of combining with the acid radicle. It 
would appear that the constitution of these curious salts remains 
to the present day an open question. 

Baeyer continued right to the end to interest himself in the 
oxonium salts of the pyrone type, and his last research, published 
in 1915 (Annalen, 407, 322), when he was eighty years of age, has 
for its subject the reduction of the pyrones. This communication 
contains the first description of the oxonium colouring matters, 
substances of great interest particularly because of the probability 
that they are allied to colouring matters which Willstatter has 
isolated from the blood and from plants; and this brilliant piece 
of theoretical and experimental work shows that Baeyer retained 
his great powers as a thinker and investigator to the last. It 
is highly probable that he would still have continued his researches 
but for the fact that, when all his assistants had been called 
away to the war, he felt unable to carry on quite alone. 


In attempting to pass in review the life and career of a great 
personality such as Baeyer unquestionably was, the mere discussion 
of his published researches can at the best give only a very inade- 
quate impression of the real character of the man. And yet, on 
account of his retiring nature and dislike for publicity, and also 
because he travelled little in other countries, the actual man was 
known to comparatively few, and it is not easy to convey a clear 
impression of the personal traits which were his characteristics. 
Probably the most distinctive feature in Baeyer’s character was 
the steadfastness of purpose and determination to allow nothing 
to interfere with his duties as a teacher or with the course and 
development of his investigations. He made it quite clear to the 
University authorities that he would have nothing to do with general 
University politics, and he always refused to serve on committees 
or attend meetings unless they were directly concerned with the 
affairs of his department. He felt strongly that it was his business 
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and duty to have no part in any outside work, unless it was abso. 
lutely unavoidable, which took him away from his laboratory. He 
would have been horrified at the waste of time and energy, due 
to attendance at committees and other meetings, which would seem 
to be an essential part of the routine of heads of Chemical Depart. 
ments in this country. 

There can be no doubt that it was this refusal to waste time, 
coupled with his extraordinary power of concentration, which made 
it possible for Baeyer to produce, with such regularity, so great an 
amount of work always full of originality and of first-rate importance, 
Another reason for the enormous output of original work is to be 
found in the fact that he regulated his whole life so that nothing 
should stand in the way of the development of his researches. 

During term time, he lived with his family in the fine house 
attached to the laboratory, and had only to go along a corridor to 
get to his private laboratory. He took little exercise, and was of 
the opinion that exercise, other than that involved in the daily 
occupation, was not essential to health. He seldom attended the 
theatre and was not interested in music, for the author well remem- 
bers how bored he was on one occasion when his assistant Homolka 
—a great Wagner enthusiast—persuaded him to sit through a five- 
hour performance of the “‘ Gotterdammerung.” About the year 
1895 he purchased an estate, consisting of a fine house, which he 
called ‘ Villa Baeyer,” situated in a large and beautifully wooded 
park on the shores of the lake of Starnberg, and it was a great 
delight to him to stroll among the trees and enjoy the beautiful 
scenery. It was here that he died on August 20th, 1917. 

Baeyer was accustomed to take good holidays, and, in the early 
Munich days, it was his wont to spend Easter or the late autumn 
in the Tyrol, usually at Gries near Bozen, but on other occasions 
he paid frequent visits to other beautiful spots in the Bavarian 
Highlands. 

One rather unexpected feature of Baeyer’s character was the 
pleasure he took in the ordinary routine of lecturing and he used 
to say that he felt the day had not been really a satisfactory one if 
he had not given his usual lecture in the morning. As a lecturer, 
Baeyer was most interesting and clear; he spoke quietly, without 
hesitation and in a level tone throughout, and without any attempt 
at oratorical effect. The lectures were always attractive, partly 
on account of their severely elementary nature and partly, perhaps, 
because of the original manner in which everything was treated, 
the impression conveyed being that he was considering the subject 
from new points of view while he was actually delivering the lecture. 
It is unfortunate that Baeyer seldom lectured on any but the most 
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elementary matters, and rarely indeed gave to his students or 
colleagues any account of his own investigations or of the lines on 
which he proposed to proceed in the development of the researches 
he had in hand. 

In attempting to convey some idea of his methods of research, 
the fact must again be emphasised that Baeyer was a great reader, 
especially of current literature, and the remarkably wide and 
thorough knowledge he had of the literature of the subjects he was 
interested in is obvious from the clear, concise, and complete way 
in which the introductions to his papers are written. Before 
deciding on the next line of action and as a preliminary to starting 
the experimental investigation of any problem, it was usual for him 
to walk slowly up and down in his study, or more frequently in his 
laboratory, turning things over in his mind; he never seemed to be 
in a hurry, and, so far as the author remembers, he seldom made 
notes, and it was not his habit to cover sheets of paper with formule. 

His private laboratory, in which the author had the good fortune 
to work for a year, was equipped with the simplest possible appara- 
tus, the most striking feature being large racks, such as are com- 
monly in use at the present time, filled with test-tubes. He insisted 
always on absolute cleanliness, and it used to be said that his test- 
tubes were first soaked in dilute caustic soda for an hour, then 
washed with water, then with alcohol, and finally with distilled 
water and dried. 

Baeyer also used large numbers of carefully cleaned glass rods 
and had always a stock of these to hand, placed upright in wide- 
mouthed bottles; there were also small flasks, beakers, etc., but 
the striking feature of the laboratory was the absence of any large 
apparatus as well as of mechanical devices of any kind. 

Directly he came into the laboratory, Baeyer used to have a 
short preliminary talk with his assistant, in the course of which he 
would examine any substances which the latter had prepared 
during the previous day. He would then begin to investigate the 
new material by subjecting it to a searching series of test-tube 
experiments, and, as the result of long practice and experience, 
he seemed to know intuitively what kind of treatment was most 
likely to lead to the result he desired. Baeyer had what may be 
described as the chemical instinct in a remarkable degree, and 
almost seemed to know beforehand what was going to take place. 
But it nevertheless sometimes happened that whole days or even 
weeks of experimenting produced nothing of any importance. 
The story is told of one period of six months during which, in spite 
of persistent experimenting, no results of any value were obtained, — 
but the problem did not on this account cease to interest Baeyer, 
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and one day he came into the general research laboratory to show 
a wonderful test-tube experiment which had completely changed 
the outlook and supplied the explanation for the long series of 
failures. After this difficulty had been overcome, the whole 
investigation progressed by leaps and bounds, but no one reading 
the published paper can have any idea of the labour and patience 
which were necessary before the end was achieved. 

Baeyer used to say that the only way to tackle a problem was 
to keep on experimenting until it was solved, and Willstiatter relates 
that, on one occasion, a colleague from another University, whilst 
congratulating Baeyer on a great piece of work he had just finished, 
remarked that he only wished that such luck would come his way. 
To which Baeyer replied : “ It is not a matter of luck. I have no 
more luck than you have. The only difference between us is that 
I experiment more than you do.” When any test-tube experiment 
had given a result which was thought to be of sufficient importance, 
Baeyer used to repeat it and show it to his assistant, and the latter 
was then left to carry out the work on a somewhat larger scale, so 
as to provide the material necessary for further developments, 
Even then everything was always done on quite a small scale, and 
probably no chemist ever achieved so much and obtained such 
brilliant results with the expenditure of so little material. 

The attitude of Baeyer towards experimenting may be expressed 
in his own words: “I do not make the experiment in order to see 
whether my views are or are not correct, but in order to find out 
what the behaviour of the substance is under a variety of conditions. 
It is for this reason that I attach little importance to theories.” 
It is true that Baeyer was essentially the experimenter and was by 
disposition not greatly interested in theoretical matters. He had 
no liking for the method of working out a theory on paper and then 
going into the laboratory to see whether the ideas were right or 
wrong; his plan was to work out the theory from his experiments, 
and usually not until the experimental material was practically 
complete. When any new development had arisen, it was his 
custom to discuss its theoretical bearing with the seniors in the 
laboratory, and in writing up his papers for publication he always 
spent a great amount of time in elaborating the theoretical 
introduction. 

The reader of these papers cannot failto be struck by the brevity 
with which everything is related: probably no investigator ever 
described his results and their theoretical bearing in so few words. 
Although always concise and clear, the descriptions of the experi- 
mental conditions erred, perhaps, in not a few cases, in being too 
brief, and some of us, who have had occasion to repeat his results, 
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yould have had an easier time and been thankful if the directions 
had been somewhat more detailed. 

The one side of theoretical Organic Chemistry which interested 
him more than any other was the structural aspect, and the study 
of the introductions to his papers shows how remarkably accurate 
were his notions of structure even in early times. It was doubtless 
this interest in structural formule which led to the enunciation of 
the ‘‘ Spannungs Theorie,” and to his views on the structure of 
benzene. 

Perhaps for the reason that he was accustomed to do all the 
experimental work himself, Baeyer had little inclination to work 
with others, and the titles of his papers show that, whilst he fre- 
quently published with one or other of his assistants—to a greater 
extent with Victor Villiger than with any of the others—the actual 
number of his co-workers was relatively small. This is the more 
surprising when it is remembered that the laboratory was always 
overcrowded with the most promising material from all parts of the 
world, and that every new-comer would have considered it a great 
honour to have been allowed to work with the head of the labora- 
tory. Neither did Baeyer often suggest subjects for the researches 
which so many of the younger men were carrying out for their 
dissertations for the Ph.D. degree. When the time came to do 
original work, these young researchers were usually handed over to 
one of the many Privatdozenten attached to the laboratory, and 
it was the duty of these senior men, who were often men of great 
experience, to suggest the theme for investigation and to superintend 
the work and help to bring it to a satisfactory conclusion. This 
plan worked well, and gradually there rose up a great school of 
research which has rarely if ever been equalled. It used to be said 
that, at one time, almost every Professor of Organic Chemistry of 
eminence in Germany was a pupil of Baeyer, and it is equally 
certain that the great majority of the leading figures in the Organic 
Chemical Industry learnt their methods of research in the Munich 
laboratories. 

It was, however, the example Baeyer himself set which was the 
driving force and the mainspring of the great reputation which the 
Munich School enjoyed and still enjoys under his distinguished 
successor. There was a feeling in the laboratory that no one was 
of any account who did not research, and, moreover, the position 
of each researcher and the esteem in which he was held depended 
solely on the quality of the work he was engaged in. This was the 
atmosphere which produced the greatest chemists of the day and 
weeded out those who were of no account. It was only necessary 
that the commanding figure of Baeyer should stroll through the 
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research laboratories each day and for him to chat with the various 
workers, criticise their results, and admire their preparations, to 
make it out of the question for anyone to forget for a moment that 
research was the only thing that really mattered. It is impossible 
not to be struck by the fact that this same attitude has, since the 
war, become increasingly evident in the laboratories in our own 
country, and that research has now come to be looked upon as a 
most important, if not the most important, part of the training and 
education of every chemist. 

Baeyer married, in 1868, Lida, daughter of Geheimrat Bendemann 
of Berlin, who died in 1910, and there were four children, a daughter 
and three sons. 

The daughter, Eugenie, married Oscar Piloty, who became 
extraordinary Professor of Chemistry in Munich and fell in the war 
in 1915; of the two surviving sons, Hans (born in 1875) is Professor 
of Orthopedic Surgery in Heidelberg and Otto (born in 1877) is 
Professor of Physics in the Landwirtschaftliche Hochschule in 
Berlin. 


CLXXIII.—The Preparation and Properties of 4':4’- 
T etramethyldiaminoanthrafuchsone. 


By FREDERICK ALFRED MASON. 


THe condensation of Michler’s ketone (pp’-tetramethyldiamino- 
benzophenone) with anthrone is of interest because, although a 
large number of important dyes have been prepared by condensing 
the ketone with various benzene and naphthalene derivatives (for 
example, Victeria Blue-B, Wool Green-S, etc.), there are no known 
dyes obtained by the condensation of this ketone with anthracene 
derivatives. Padova (Ann. Chim., 1910, [viii], 19, 389) attempted 
to condense anthrone (‘“ anthranol”’) with Michler’s ketone, but 
only managed to obtain a few red crystals melting indistinctly at 
260—270°. 

On condensing together the two substances in presence of phos- 
phoryl chloride, the formation of a carbinol having one of the 
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When molecular amounts of the above reagents are heated 
together in benzene solution for twenty hours, a product is finally 
obtained which, after purification as described in the experimental 
part, forms bright brick-red crystals melting at 264—265° and 
analyses correctly for a substance of the formula C;,;H,,ON,. It 
therefore have the structure indicated in formula (IIa). 


CO 


(IIc.) 


OX, 
(X denotes C,H,-NMe,.) 

Its systematic name is accordingly either 4’ : 4’’-tetramethyl- 
diaminodiphenylmethyleneanthrone, 4’ : 4” - tetramethyldiaminodi- 
phenyl-9 : 10-anthraquinomethane, or 4°’ : 4’’-tetramethyldiamino- 
anthrafuchsone, and it is probably identical with the “ crystaux 
rouges ”’ of Padova (loc. cit.). 

It is a derivative of the parent substance diphenylanthraquino- 
methane, C,H, CPh,> CHa (III), obtained by Padova (Compt. 
rend., 1906, 143, 121) by condensing benzophenone chloride with 
anthrone, which is stated to be colourless though forming coloured 
solutions. 

The red substance (IIa) is obviously formed from the correspond- 
ing carbinol (I) by loss of a molecule of water and will for this reason 
be termed the “‘ anhydro-base.” It is of special interest in that 
it completes the series of quinonoid bases of which the naphthalene 
and benzene analogues have already been made by Noelting and 
Saas (Ber., 1913, 46, 952) and by Schlenk (Amnnalen, 1909, 368, 
291) respectively, namely, tetramethyldiaminonaphthafuchsone 
and tetramethyldiaminofuchsone (formule IJb and IIc), and its 
properties, though somewhat unexpected at first sight, will be found 
to agree generally with what might be expected for the extreme 
of such a series. 

The. bright brick-red crystals of the new “ anhydro-base ”’ are 
only very sparingly soluble in most neutral solvents such as alcohol, 
tetrachloroethane, toluene, and benzene, in which they dissolve 
todeep brown solutions. Attempts to prepare the phenylhydrazone 
were unsuccessful. ‘The anhydro-base does not form a“ vat” and 
temains unchanged even after heating for some time with alkaline 
hyposulphite solution. 

It dissolves readily in glacial acetic acid or in alcohol containing 
the calculated amount of hydrochloric acid, to give intense blue 
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solutions of the salts of a dye which may be termed Anthranol Bly, 
(compare the “ Naphthol Blue ” of Noelting and Saas) which must 
presumably have one of the following constitutions : 
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For reasons which will be referred to later it is believed that 
formula (IVb), corresponding to the enolic form of ne 
(anthranol), is the more probable. 

The table on p. 1549 compares some of the chief properties of 
tetramethyldiaminofuchsone (A), tetramethyldiaminonaphthafuch- 
sone (B), and tetramethyldiaminoanthrafuchsone (C). 

Perhaps the chief distinction between (B) and (C), apart from 
the actual colour of the salts, is that the naphthafuchsone derivative 
is very easily hydrated to the ammonium base, for example, the 
solution in dry pyridine is brownish-red, which becomes blue. 
violet on adding water (conversely the blue-violet solution of the 
ammonium base becomes red on boiling for a few minutes), whilst 
the anthrafuchsone-ammonium (or -imonium) base is quite unstable 
and loses water, even on washing with cold alcohol, to give back 
the anthrafuchsone base itself. 

In passing it may be noted that an examination of the naphtha- 
and anthra-fuchsone derivatives suggests that the intense “ magenta 
red ” alcoholic solution of the tetramethyldiaminofuchsone obtained 
by Schlenk (loc. cit.) may be really a solution of the corresponding 
imonium base (formula Vb) and not of the actual fuchsone derivative 
itself. 

It is of interest also to compare the colour of the salts of Anthranol 
Blue with those of the analogous compounds, 
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the former having been prepared by Ullmann and Klingenberg by 
the action of anthraquinonealdehyde on dimethylaniline (Ber., 191i, 
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46, 713) and having a yellowish-green malachite-green shade, whilst 
the latter (s-tetramethyldiaminodiphenylanthrone) forms well. 
crystallised, colourless salts. 

The basic properties of the carbinol base of Anthranol Blue are, 

however, so remarkably weak that its salts are at once completely 
hydrolysed by water. The sensitiveness of the blue salts to water 
may be seen if a piece of filter-paper is soaked in an alcoholic solu. 
tion of the intensely blue hydrochloride and then a drop of water 
allowed to fall on the dry paper. A black spot is immediately 
produced, due to the hydrolysis of the salt. 
- The coloured hydrochloride may be obtained with some difficulty 
in a crystalline form by treating the base with the calculated 
quantity of alcoholic hydrochloric acid and allowing the solution 
to evaporate slowly in a desiccator. The hydrochloride forms 
bronzed-purple leaflets which decompose readily on exposure to 
air. If excess of hydrochloric acid be used, the yellow diacid 
salt will be precipitated, which rapidly turns bluish-green in the air 
owing to incipient hydrolysis. The same series of changes may 
be observed on passing a current of dry hydrogen chloride into a 
solution of the anhydro-base in hot toluene. 

As mentioned above, the salts are immediately hydrolysed by 
water; on diluting the alcoholic solution of the hydrochloride 
with water, the intensely blue solution becomes first bluish-purple, 
then purplish-black, and finally a black precipitate separates, which 
is also formed when the alcoholic or acetic acid solution is poured 
into dilute alkali. When filtered off and pressed on a porous 
plate, it forms a deep black powder which, on leaving in a vacuum 
desiccator, warming on a water-bath, or even washing with cold 
95 per cent. alcohol, is immediately reconverted into the red 
anhydro-base by loss of a molecule of water. 

Of the possible formule for this purplish-black substance, the 
following (Va) appears to be the most probable and would account | 
for the deep purplish-black colour : 


/NMe,"OH 
Y gn, eee oe 
bid: Se 
HOC—C—C_(va.) 
mh fs ™, 
oa. ae 
“oe * ow 
\NMe, 


This formula represents the purplish-black substance as the free § 
ammonium or rather imonium base corresponding to the salts 
(IV), and this view would agree with the similarity in colour 
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this free base with the base from the benzoic ester described 
below, which can only have a formula analogous to (Va). 
Further it would agree with the observation of Noelting 
and Saas, who obtained the free coloured ammonium base from 
hexamethyltriaminodiphenylnaphthylearbinol (loc. cit.). 

It has not been found possible to purify the base for analysis 
owing to its instability. 

Onaccount of the unexpectedly weakly basic character of the dye 
base, the salts are obviously of no use as colouring matters. This 
lack of stability was thought to be due to the well-known tendency 
of the anthraquinone portion of the molecule to revert to the 
quinonoid or keto-form. If, therefore, the enolic form could be 
“fixed” by alkylation or esterification it was thought that the 
products might be more stable and have useful tinctorial properties. 

It has not been found possible to alkylate the base with any 
of the usual alkylating agents such as ethyl bromide, benzy] chloride, 
methyl sulphate, or toluenesulphonic ester, aithough there are 
some indications of the formation of blue products. 


Action of Benzoyl Chloride on the Anhydro-base. 


More definite results are obtained by the use of acylating agents, 
in particular benzoyl chloride and its derivatives. On heating 
equal molecular amounts of the red anhydro-base and benzoyl 
chloride on the water-bath, the mass gradually becomes an intense 
purple with a metallic lustre, and the product crystallises from hot 
water (in which it is slightly soluble to a deep blue solution) as a 
greenish-yellow, bronzed metallic-looking powder, m. p. 192—194° 
(with decomposition). The product, which is formed almost 
quantitatively, is clearly therefore the benzoic ester of (IVb), 


i> 
B OBz-C—_——C-0(C, H,"NMe,)(‘C,H,:NMe,Cl) (VI). It dissolves 


readily in alcohol to an intensely blue solution which is practically 
identical in shade with that of the hydrochloride derived from 
the anhydro-base, so that this similarity in colour is a strong 
argument for the “ enolic ’ formula (IVb) suggested for the salt. 
The substance crystallises from aqueous solution with one mole- 
cule of water. The deep blue aqueous solution of the benzoic 
ester chloride dyes silk, wool, and tannin-mordanted cotton a bright 
greenish shade of blue, silk showing the most affinity for the dye, 
whilst tannined cotton has rather poor affinity. The dyeings 
darken, however, on prolonged boiling owing to gradual hydrolysis, 
with formation of the violet-black imonium base (Va). Addition 
of sodium carbonate to the blue solution changes it gradually to 
3G2 
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purple, and violet-black flocks are precipitated, the blue colour 
being restored by dilute acetic acid. Boiling the solution of the 
benzoic ester chloride with a trace of acid, or even prolonged stand. 
ing in the cold effects a gradual hydrolysis of the substance. 


Action of Acetyl Chloride. 


On treating a portion of the anhydro-base with acetyl chloride, 
a deep bronzed blue mass is formed which gives a blue solution in 
alcohol. On pouring into water, however, it is at once decomposed 
to the purplish-black imonium base and hence is not the acetic 


ester chloride sought; this can, however, be obtained in good yield 
by heating the anhydro-base with pyridine and acetyl chloride 
at 80—100° for eight to ten hours, and recrystallising the product 
from hot water; it forms brilliant, red, metallic leaflets which become 
purplish-blue on powdering and melt at 240—242° with decom. 
position. 

This product must therefore be the chloride of the acetic ester, 


4 CoH . i , ‘ 
" C-C(C,H,"NMe,)(‘CgH,-NMe,Cl) (VII) ; this deduction 

4 
is confirmed by the analytical figures. 

The acetic ester chloride is more readily soluble in water than 
the benzoate, but gives an identically coloured solution and dyes 
silk, wool, and tannin-mordanted cotton similar shades. Its 
affinity for silk is, however, less than that of the benzoate, and the 
bath does not exhaust so well, but the affinity for tannined cotton 
is rather better. 


Behaviour with Acetic Anhydride. 


When the anhydro-base is treated with acetic anhydride, it partly 
dissolves to a deep brown solution. After standing for some days, 
the liquid becomes deep blue and on pouring into water a blue 
solution is formed, showing that acetylation has occurred to some 
extent. It has not, however, been found possible to obtain the 
acetate of the acetic ester by this means, as the greater part of the 
anhydro-base crystallises out unchanged, whilst a deep-seated 
decomposition occurs on prolonged heating. Noelting and Saas 
showed that in the case of the analogous naphthafuchsone base 
acetic anhydride readily converted this base into the acetate of 
the green acetyl dye. 

It may be mentioned that attempts to prepare the acetyl este! 
by direct condensation of Michler’s ketone with acetylanthrand 
in presence of phosphory! chloride gave negative results, the product 


blac! 
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being @ green syrup which contained much unchanged ketone and 
with no sign of the characteristic blue dye. 


Behaviour with Other Acid Chlorides. 


The anhydro-base reacts readily with p-nitrobenzoyl chloride 
and with toluene-p-sulphony1 chloride, giving in each case purplish- 
black products with metallic reflex which dissolve in alcohol to 
the intensely blue solution characteristic of Anthranol Blue and its 
ester salts. They are, however, even less soluble in water than 
the benzoate, the toluenesulphonic derivative being completely 
insoluble, and hence they are useless as colouring matters. 


Action of Amines. 


When purifying the anhydro-base by dissolving the crude sub- 
stance in 75 per cent. alcohol with a slight excess of hydrochloric 
acid and then adding dilute ammonia, it is found that if an excess 
of the latter be used the yield of the anhydro-base recovered will 
be poor and the mother-liquor will have a purplish- or greenish- 
black colour. On distilling off the alcohol, a black residue is left 
§ which dissolves in acetic acid to the characteristic deep blue solu- 
tion and which, when heated with 10 per cent. caustic soda solution, 
evolves ammonia. The product has not been obtained in a pure 
form, but it appears probable that it contains the imino-ammonium 
base in which the group :CO of formula (IVa) is replaced by ‘C-NH 
(X being hydroxy)). 

Attempts were made to prepare the analogue of crystal-violet 
in which the -C-OH group of formula (Ib) is replaced by ~C-N(CHs3).. 
On heating the anhydro-base with alcoholic dimethylamine for 
some hours, however, most of the base was recovered unchanged, 
whilst further heating led to decomposition. In this respect the 
behaviour of the anhydro-base is identical with that of Noelting 
and Saas’s naphthafuchsone derivative (loc. cit., p. 961). On heat- 
ing the anhydro-base with aniline, a blackish-brown product is 
obtained which is probably a decomposition product. 


Action of Sulphuric Acid on the Anhydro-base. 


With a view to determine whether soluble acid dyes could be 
obtained, the action of sulphuric acid has been tried on the anhydro- 
base and also on the benzoic ester chloride. 

In the former case, it is found that ordinary sulphuric acid has 
little action even when heated. If, however, oleum is used, the 
initially brown solution becomes orange on warming on the water- 
bath, with an intense yellow fluorescence. As an odour of sulphur 
dioxide is noticeable during the reaction, it is probable that an 
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oxidation occurs leading to the formation of a complex benzanthrone 
derivative, which would explain the intense fluorescence in sulphuric 
acid solution which is characteristic of this class of substances : 


The acid sodium salt of the resulting product gives a fairly deep 
red solution on dissolution in water and addition of sodium acetate 
or alkali, but it is in no sense of the word a dye. 


Action of Sulphuric Acid on the Benzoic Ester Chloride. 


The action of sulphuric acid on the benzoic ester chloride (formula 
VI) depends chiefly on the strength of the acid. 

(a) On treating a portion of the substance with an excess of 
rather more than 100 per cent. sulphuric acid and leaving for a 
day, on pouring into brine a greenish-blue precipitate is obtained 
which dissolves in alcohol to the deep blue characteristic of 
Anthranol Blue; on adding alkali to the cold solution, red needles 
of the anhydro-base are at once formed, hence the greenish-blue 
precipitate is the acid sulphate of Anthranol Blue itself, the benzoyl 
group having been removed by hydrolysis by the acid. 

(b) Prolonged treatment of the benzoic ester chloride with more 
concentrated oleum in the cold leads to the formation of a different 
substance which forms red salts, dissolving to deep red solutions in 
water which are decolorised by dilute acetic acid. It appears to 
be identical with the sulphonated product obtained from the 
anhydro-base itself, and dissolves in concentrated sulphuric acid 
to an orange solution with yellow fluorescence. 

(c) If the benzoic ester chloride be treated with more concen- 
trated oleum, warmed gently, and the product poured into ice and 
brine, a green precipitate will be obtained which is the acid sulphate 
of a sulphonic acid of the benzoic ester. It has the character of 
an indicator, as it dissolves in alkalis to an intensely purple-blue 
solution, which is turned deep greenish-blue by acetic acid and 
is practically decolorised by strong acids. It is capable of dyeing 
silk, but the dyeings are similarly affected by acids and alkalis, 
so that it has no value as a colouring matter. 

This colour change is of interest in relation to the structure of 
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he unsulphonated dye, as it indicates that the purple-blue product 
ibtained with alkalis is probably the soluble sulphonate of the 


jmonium base, 


__/NMe,‘0H 
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wresponding to the purplish-blue but insoluble bases obtained 
fom Anthranol Blue and from its benzoic ester, and the colour 
change, though pronounced, is hardly sufficient to support the 
view that the normal salts and the free base have different con- 
titutions (compare Willstatter, Ber., 1908, 41, 1459). 

Attempts have been made to prepare the benzanthrone deriv- 
itive from the anhydro-base by heating the substance with glycerol 
ad aniline sulphate in sulphuric acid, but no definite product 
has been isolated so far beyond a black, amorphous product which, 
in concentrated sulphuric acid, gives a brownish-pink solution with 
4 pronounced green fluorescence. 

The deep blue solution of Anthranol Blue in glacial acetic acid 
isdecolorised by zinc dust after heating for some time on the water- 
bath, and on pouring into sodium carbonate solution a yellow pre- 
tipitate is formed which is presumably the normal leuco-base, but 
has not been further examined. 


EXPERIMENTAL. 


4’: 4’. Tetramethyldiaminoanthrafuchsone (Anhydro-base. Formula 
lla)——The best method for preparing this substance is as follows : 

Michler’s ketone (54 grams; 1/5 gram-mol.) was dissolved in 
hot benzene (100 c.c.), phosphoryl chloride (33 grams) run in, and 
the whole kept for three hours. Recrystallised anthrone (39 grams) 
in benzene (100 c.c.) was then added and the mixture heated under 
reflux on the water-bath for twenty hours. The upper layer of 
hot, green benzene (containing some unchanged anthrone) was 
poured off and the residual cake of dark green, friable product 
broken up and dried in air, the weight of crude product being about 
110 grams. Twenty grams of the powdered product were heated 
with water (200 c.c.) to $0° to decompose any unchanged keto- 
chloride and dissociate any acid salt of the base, which is only 
sparingly soluble in alcohol. The mass frothed up slowly and 
became purplish-black. Alcohol (400 c.c. of 95 per cent.) was then 
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added and the whole boiled and filtered and the filtrate treated 
with 17 c.c. of 25 per cent. caustic soda solution. The deep blue 
liquid changed its colour to greenish-brown and deposited a fairly 
heavy reddish-brown precipitate of the anhydro-base, which was 
filtered off hot and washed with warm alcohol, pressed, and dried, 
Weight 10 grams. On this basis, the total yield was 55 grams 
(62 per cent. of theory). 

The anhydro-base may be purified by crystallisation from 70 per 
cent. aqueous pyridine or, better, by solution in about 20 parts of 
70 per cent. alcohol containing a slight excess of hydrochloric acid 
and then adding the calculated amount of alkali (ammonia or 
caustic soda) to the hot liquid, the pure anhydro-base separating 
out in bright red needles, m. p. 264—265°. 

Attempts to improve the yield by adding phosphoryl chloride 
to the solution of Michler’s ketone and anthrone during several 
hours gave only a 20 per cent. yield, much of the oxychloride being 
used up, apparently, by the anthrone (Found: C = 83°82; H= 
5°97; N=6-29. C,,H,,ON, requires C = 83°30; H = 6:30; 
N = 6°32 per cent.). 

Acid Hydrochloride—Five grams of the anhydro-base were sus- 
pended in hot toluene (100 c.c.) and dry hydrogen chloride was 
passed in. The deep bronze precipitate first formed became pale 
yellow with excess of acid and was quickly filtered off and dried 
over sulphuric acid (Found: Cl = 13:0. C,,H,,ON,,2HC1 requires 
Cl = 13°7 per cent.). The slightly low figure is probably due to 
incipient decomposition of the salt whilst weighing, as it immediately 
begins to hydrolyse in moist air. 

Benzoic Ester Chloride (V1).—To a mixture of 8°8 grams of the 
anhydro-base and 10 c.c. of benzene, a solution of benzoy] chloride 
(2°5 ¢.c.) in benzene (5 c.c.) was added. The mixture was heated 
on a water-bath with occasional stirring for two hours, the product 
gradually becoming a fine purplish-bronze. After cooling, the 
cake was removed, ground, treated with benzene (10 c.c.) and 
benzoyl chloride (4 c.c.), and again heated on the water-bath for 
two to three hours. The weight of crude product was 11:8 grams 
(98 per cent. of theory). 

The powdered product was purified by dissolving in 700 c.c. of 
hot water and filtering; after standing for a day, the bronze-yellow, 
crystalline precipitate was filtered off and dried. (On one occasion 
the solution did not deposit crystals on cooling, but set to a thick, 
blue jelly; on warming, adding a few drops of concentrated hydro- 
chloric acid, and cooling, the liquid deposited crystals in the usual 
way, leaving an almost colourless mother-liquor.) A suspension 
or solution of the substance gradually hydrolyses on standing, or 
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more rapidly on boiling (Found: O = 75°65, 75°74; H = 5°85, 
566; N=418; Cl= 5°69. C,,H,,0,N,Cl,H,O requires C = 
17; H = 5°82; N = 4:64; Cl = 5°88 per cent.). 

Acetic Ester Chloride (VII).—To 4:4 grams of the anhydro-base, 
moistened with benzene (5 c.c.), pyridine (2 c.c.) was added and 
then a solution of acetyl chloride (1 c.c.) in benzene (5 ¢.c.). The 
mixture was stirred on the water-bath until nearly dry. A further 
quantity of benzene, pyridine, and acetyl chloride was added and 
the stirring and heating continued for eight to ten hours until the 
product was a purple-red, crumbly mass, which weighed 5°5 grams 
(practically theoretical). After powdering, it was recrystallised 
fom hot water, in which it is somewhat more soluble than the 
benzoyl chloride derivative. It dissolves easily in alcohol, and 
melts and decomposes at 240—242° (Found: C = 74°38, 75°47; 
H= 5:93, 588; Cl=679; N=4'98. C,,H,,0,N,Cl requires 
(= 75°75; H = 5°94; Cl = 6°78; N = 5:36 per cent.). 

p-Nitrobenzoyl Ester Chloride and Tolwene-p-sulphonyl Ester 
Chloride—These products are formed readily by merely mixing 
together the calculated quantities of the anhydro-base and the 
aid chloride with a few c.c. of benzene, evaporating off the benzene, 
and keeping the mass molten for five to ten minutes. The p-nttro- 
benzoyl chloride derivative can be crystallised with difficulty from a 
large volume of water, and melts at 186—188° with decomposition. 

The toluene-p-sulphonyl derivative has not been obtained in a 
pure form. Both derivatives are easily soluble in alcohol to the 
characteristic deep blue solution of Anthranol Blue and its deriv- 
atives. 

Sulphonation of the Anhydro-base-—2'2 Grams of the anhydro- 
base were dissolved in 20 per cent. oleum (10 c.c.) to a green solution, 
which was then heated on the water-bath for a quarter of an hour 
util it was a clear brown with an intense yellow fluorescence. 
The liquid was poured on to a small amount of ice and saturated 
brine, and then saturated sodium carbonate added until the colour 
change from bluish-purple to purplish-red was complete. After 
standing, the bluish-red, metallic-looking precipitate was filtered 
off. It dissolves in water to a deep red solution which is decolorised 
by acids. It probably has the composition indicated by formula 
VUI. 

The almost colourless acid salt was obtained by pouring the acid 
solution into brine and filtering off the crystalline precipitate of the 
sodium salt. 

Action of Sulphuric Acid upon the Benzoic Ester Chloride —As 
already noted, sulphuric acid and oleum may act in one of three 


Ways ; 
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(a) Hydrolysis of the benzoyl group. 2°2 Grams of the benzoic 
ester chloride were added to an ice-cold mixture of 96 per cent, 
sulphuric acid (10 c.c.) and 20 per cent. oleum (2 c.c.), the brown 
solution was kept for a day and was then poured into saturated 
brine. A green precipitate was formed which was easily recognised 
as the acid sulphate of Anthranol Blue itself, as it gave a deep blue 
solution in alcohol and on adding alcoholic potash in the cold red 
needles of the anhydro-base were at once formed. The benzoyl 
group was therefore hydrolysed, but no sulphonation had been 
effected. 

(6) Hydrolysis and sulphonation. 2°2 Grams of the benzoic ester 
chloride were added to an ice-cold mixture of 96 per cent. sulphuric 
acid (2 c.c.) and 20 per cent. oleum (10 c.c.), the product warming 
slightly. After standing two days, the mixture was poured into 
a large excess of ice-cold saturated sodium carbonate solution, 
the deep bluish-violet coloration first given changing to dark red. 
After standing a day, the purplish-red, microcrystalline precipitate 
was filtered off; it appeared to be identical in all respects with the 
direct sulphonation product of the anhydro-base. 

(c) Sulphonation. Four grams of the benzoic ester chloride were 
added cautiously to an ice-cold mixture of 96 per cent. sulphuric 
acid (20 c.c.) and 20 per cent. oleum (4 c.c.). After standing one 
hour, a further 20 c.c. of 20 per cent. oleum was added, the tem- 
perature being allowed to rise to about 30°. The dark green 
solution was then poured at once into saturated brine, and the pale 
blue-green precipitate filtered off, washed with brine, then with 
glacial acetic acid, pressed, and dried. The product was similar 
in appearance to the acid sulphate of Anthranol Blue, but had 
quite different properties, as it dissolved in water to a deep blue 
solution which became purple on adding alkali, but the liquid 
remained clear, no precipitate being formed. The purple solution 
was quite stable at room temperature for several days and the 
alcoholic solution of the blue-green salt became purple on adding 
alkali without any formation of precipitate; hence the benzoyl 
group had not been split off. The bluish-green substance is there- 
fore the acid sulphate of the sulphonic acid of the benzoic ester 
chloride of formula IX. 

Experiments on the sulphonation of the toluene-p-sulphony! 
derivative of Anthranol Blue gave similar colour reactions to those 
described under (c), but the investigation was not pursued further. 


Summary. 


(1) Michler’s ketone chloride condenses with anthrone to form 
a substance, C3;H,,ON, which appears to be 4’ : 4’-tetramethyl- 
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diaminodiphenyl-9 : 10-anthraquinomethane or, shortly, 4’: 4”- 
-@ tetramethyldiaminoanthrafuchsone, a bright brick-red, crystalline 
substance melting at 264—265°. 

(2) The above substance (called the anhydro-base) forms intensely 
blue salts of a dye, termed Anthranol Blue, which are derived from 
the hypothetical enolic form of the hydrated carbinol base; the 
salts are immediately hydrolysed by water to form an unstable 
violet-black imonium base, which loses water readily and is recon- 
verted into the anhydro-base. 

(3) Treatment with acylating agents such as benzoyl chloride 

ster or pyridine—acety] chloride leads to the formation of the chloride of 

huric the acyl ester corresponding to the hypothetical enolic base. These 
ming] substances are sparingly soluble in water, but are sufficiently stable 
| Into to give fine blue shades on wool, silk, and mordanted cotton, which 
ition, | are not, however, fast to boiling. 
: Ted. (4) Fuming sulphuric acid acts upon the anhydro-base to give a 
itate very soluble product, which forms red salts, but is devoid of tinctorial 
h the properties ; it is probably a tetramethyldiaminophenylbenzanthrone- 
sulphonic acid. 

(5) Fuming sulphuric acid may act upon the benzoic ester 
chloride in two ways, either by hydrolysing the benzoyl group 
with or without subsequent sulphonation, or it may effect simple 
sulphonation of the benzoic ester to give a product forming a deep 
green blue salt having the character of an acid dye, but which is turned 
> pales violet by alkalis. 


milarg The author’s thanks are due to Professor W. H. Perkin, F.R.S., 
; had§ for valuable suggestions and for the interest he has taken in the 
) blueg work, and to the British Dyestuffs Corporation, Ltd., for permission 
liquidg to publish the results. The very accurate analyses were carried 
lution§ out by Mr. F. Hall. 
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ester CLXXIV.—Dyes Derived from Phenanthraquinone. 
hony! Part ITI. Phenanthriminazoles. 


those By AnuKUL CHANDRA SrecaR and GoPpaL CHANDRA SIRCAR. 


rther] Japp and Wrix00x (T., 1880, 37, 661; 1881, 39, 225) and Japp and 
Streatfeild (T., 1882, 41, 146) have shown that phenanthraquinone 
condenses with benzaldehyde in presence of ammonia to form an 
oxazole derivative, but with hydroxy-aldehydes under similar 
conditions, iminazoles are obtained. 


form 
thyl- 


3a* 2 


1560 SIRCAR AND SIRCAR: DYES DERIVED FROM 


LON 
oe VA x on 
CO | ono, 4+ 0HOY S = | sug 
CO 3 Me tele, Xe eZ 
cy 
4 
\Y 
The hydroxyphenylphenanthriminazoles are colourless. In view 
of the fact that heterocyclic rings containing two nitrogen atoms 
are generally chromophoric (for example, the eurhodines and 
safranines), it was thought that this property of the five-membered 
ring in phenylphenanthriminazole might be developed by substi- 
tuting suitable groups in the phenanthrene and the benzene nuclei, 
and that the iminazoles thus obtained might possess tinctorial 
properties. Some dyes of the benziminazole series are already 
known (Lellmann and Hailer, Ber., 1893, 26, 2760). 

With that object in view, the work of Japp and his collaborators 
(loc. cit.) has been extended, and it has been found that, like the 
hydroxy-aldehydes, aromatic nitro-aldehydes and bromohydroxy- 
aldehydes condense with phenanthraquinone and its substituted 
derivatives, in presence of ammonia, to form phenanthriminazoles, 

Derivatives of 2-phenylphenanthriminazole have been prepared 
containing substituents in the following positions: 3'-nitro-; 
7 : 8( 2)-dibromo-3’-nitro- ; 5 : 10-dibromo-3'-nitro- ; 5-bromo-3'-nitro-; 
3’-nitro-5 :10-diamino-; 3'-nitro-7 : 8-diamino-; 3'-nitro-5-amino-; 
3’-nitro-7 : 8-dihydroxy-; 3'-nitro-5:10-dihydroxy-; = 7 : 8( ?)-di- 
bromo-4'-nitro-; 5'-bromo-2'-hydroxy-; 5’ :'7 : 8( ¢)-tribromo-2'-hydr- 
oxy-; and 3’: 5':7 : 8( ¢)-tetrabromo-4'-hydroxy-. 

The introduction of auxochromic groups in the benzene ring is 
not accompanied by a deepening of the colour. The iminazoles 
obtained from phenanthraquinone itself are either colourless or 
pale yellow, whilst those obtained from hydroxy- and amino- 
phenanthraquinones all have well-developed tinctorial properties. 

The presence of anilino-groups has the effect of deepening the 
colour of some series of dyes (Sircar and Dutt, T., 1922, 121, 1944; 
Eng. Pat. 9311 of 1915, etc.). It has now been found that anilino- 
groups can be easily introduced in the phenanthriminazole series 
by Ullmann’s method (Ber., 1901, 34, 2174), the following anilino- 
2-phenylphenanthriminazoles having been prepared from _ the 
corresponding bromo-2-phenylphenanthriminazoles in that way: 
3’-nitro-7 : 8(%)-dianilino-; 3'-nitro-5:10-dianilino-; —3’-nitro-d- 
anilino- ; 4'-nitro-7 :8( ?)-dianilino- ; 5’-anilino-2' -hydroay- ; 5’ :7:8( 4)- 
triantlino-2'-hydroxy-; and 3’ : 5’ : 7 : 8( ¢)-tetra-anilino-4'-hydrozy-. 

The colour developed on the fibre by these anilinophenylphen- 
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anthriminazoles is markedly influenced by the position of the 
milino-group. Situated in the benzene nucleus, it produces 
shades ranging up to violet only, but its introduction into the 
phenanthrene nucleus causes an appreciable deepening of the 
colour on the fibre; in this respect, the phenanthriminazoles 
resemble the phenanthranaphthazines (Sircar and Dutt, loc. cit.). 
The simultaneous introduction of anilino-groups into both nuclei 
produces better results, shades ranging even up to bluish-black 
being obtainable. 

The phenanthriminazoles are stable substances of high melting 
point, and give characteristic colorations in concentrated sulphuric 
acid solution. They are remarkably insoluble in the ordinary 
solvents; most of them can, however, be crystallised from pyridine. 

Although almost insoluble in water, the phenanthriminazoles 
when freshly precipitated from concentrated sulphuric acid solution 
are fairly well adapted for dyeing on wool; in several cases, 
it was found advantageous to use chrome-mordanted wool. 


ExPERIMENTAL. 


Japp’s method (loc. cit.) for the preparation of phenanthriminazoles 
is not quite suitable when dealing with small quantities of material. 
The best result in those circumstances was obtained by the following 
method : The quinone and the aldehyde were dissolved in a minimum 
of hot amyl alcohol and a current of dry ammonia was rapidly 
passed through the well-stirred solution; the condensation product 
separated on cooling. In some cases, it was found advantageous to 
heat the mixture of the quinone, aldehyde, and strong ammonia 
under pressure at 140—180° for three to four hours. 

These methods will be referred to in the sequel as the 
method ”’ and the “‘ autoclave method,” respectively. 

3’-Nitro-2-phenylphenanthriminazole—The yellow, crystalline 
flocks obtained by gradually cooling a solution of phenanthra- 
quinone (2 grams) and m-nitrobenzaldehyde (2 grams) in 160 c.c. 
of boiling amyl alcohol after a current of dry ammonia had been 
passed for a few minutes, separated from pyridine in yellow needles 
nelting at 240° with decomposition (Found : N = 12°61. C,,H,,;0.N, 
requires N = 12°38 per cent.). 

7 : 8( 2)-Dibromo-3’ -nitro-2-phenylphenanthriminazole, prepared 
in the same way as the preceding compound from dibromophen- 
anthraquinone (1°8 grams) [D.R.-P. 222206] and m-nitrobenzalde- 
hyde (2 grams), crystallised from acetone in clusters of yellow, 
prismatic needles, not melting below 285°. It is sparingly soluble 
in acetic acid or alcohol, insoluble in chloroform, water, or benzene, 
and readily soluble in pyridine, aniline, or nitrobenzene. With 


ce 


alcohol 
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concentrated sulphuric acid, it gives a characteristic grass-green 
coloration (Found: Br = 32-07. CygH,,0,N,Br, requires 
Br = 32°19 per cent.). 

5 : 10-Dibromo-3'-nitro-2-phenylphenanthriminazole, prepared in 
the same way as the last compound from 2 : 7-dibromophenanthra. 
quinone, separated from pyridine in yellow needles, not melting 
below 290°. It is insoluble in acetone, alcohol, chloroform, or 
water, and soluble in aniline or nitrobenzene. It gives a bottle. 
green coloration with sulphuric acid and dyes a yellowish-brown 
shade on wool (Found: Br= 31°78. C,.H,,0,.N,Br, requires 
Br = 32°19 per cent.). 

5-Bromo-3'-nitro-2-phenylphenanthriminazole, obtained from 
2-bromophenanthraquinone (1°5 grams) and m-nitrobenzaldehyde 
(1:2 grams), crystallised from pyridine in yellow needles, melting 
at 280° with decomposition after shrinking at 270°. It is insoluble 
in all the common organic solvents, and gives a greenish-yellow 
coloration with sulphuric acid (Found : Br = 18°88. C,,H,,0,N,Br 
requires Br = 19°14 per cent.). 

3’-Nitro-5 : 10-diamino-2-phenylphenanthriminazole—One gram of 
2: 7-diaminophenanthraquinone and 0°8 gram of m-nitrobenzalde- 
hyde were dissolved in 200 c.c. of boiling amyl alcohol and the 
solution, after being cooled in a freezing mixture, was saturated 
with dry ammonia. Ten days later, the brown precipitate that had 
separated was crystallised from pyridine and obtained as a powder, 
not melting below 285°. It was insoluble in all the common 
organic solvents and gave a brownish-red coloration with sulphuric 
acid. It dyed unmordanted wool in terra-cotta shades and chrome- 
mordanted wool in brown shades (Found : N = 18°27. C,,H,,;0,N; 
requires N = 18-97 per cent.). 

The same compound was prepared by the autoclave method 
(1 gram of diamino-quinone, 1 gram of m-nitrobenzaldehyde, 
20 c.c. of strong ammonia; temperature 180°). The black mass 
obtained after filtration was crystallised from pyridine (Found: 
N = 18°39 per cent.). 

3’-Nitro-7 : 8-diamino-2-phenylphenanthriminazole, prepared from 
4:5-diaminophenanthraquinone (1 gram), m-nitrobenzaldehyde 
(1 gram), and strong ammonia (20 c.c.) by the autoclave method 
(three and a half hours at 170—180°), was obtained as a crystalline 
powder (from pyridine), not melting below 290°. All its properties 
are similar to those of the preceding compound (Found : N = 19°22 
per cent.). 

3’ - Nitro-5-amino -2-phenylphenanthriminazole—The __ product 
obtained from 2-aminophenanthraquinone (1 gram), m-nitrobenz- 
aldehyde (0°9 gram), and 20 c.c. of strong ammonia (autoclave 
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method; 140—150° for four hours), separated from pyridine as a 
light brown, crystalline powder melting above 285°. It gave a 
blood-red coloration with sulphuric acid and dyed chrome-mordanted 
and unmordanted wool in brown shades (Found: C = 71°69; 
H=385; N=15°07. (C,,H,,0,.N, requires C= 71°19; 
H = 3°95; N = 15°82 per cent.). 

3'-Nitro-7 : 8-dihydroxy-2-phenylphenanthriminazole.—The product 
obtained from 4: 5-dihydroxyphenanthraquinone, the aldehyde, 
and ammonia by the autoclave method (160° for four hours) was 
purified by dissolution in sodium hydroxide solution and precipit- 
ation with dilute hydrochloric acid. It was insoluble in almost all 
organic solvents and did not melt below 290°. Whilst not absorbed 
by unmordanted wool, it dyes chrome-mordanted wool in buff- 
coloured shades. 

3’-Nitro-5 : 10-dihydroxy-2-phenylphenanthriminazole was prepared 
from the 2: 7-dihydroxy-quinone in a similar way and resembles 
the preceding compound in its properties. It gives deep brown 
shades on chrome-mordanted wool. 

7 : 8( ?)-Dibromo-4’ -nitro-2-phenylphenanthriminazole.—The preci- 
pitate obtained by the alcohol method (1°8 grams of dibromophen- 
anthraquinone [D.R.-P. 222206], 2 grams of p-nitrobenzaldehyde, 
160 c.c. of amyl alcohol) crystallised from pyridine in clusters of 
yellow needles melting at 252° (decomp.). It was slightly soluble in 
acetone, acetic acid, or alcohol, insoluble in chloroform, benzene, 
or water, and readily soluble in nitrobenzene, aniline, or pyridine. 
It dyes wool in yellow shades (Found : Br = 32°71. C,,H,,0O.N,Br, 
requires Br = 32°19 per cent.). 

5'-Bromo-2'-hydroxy-2-phenylphenanthriminazole.—The crystalline 
mass obtained by the alcohol method (2 grams of phenanthra- 
quinone, 2°2 grams of 5-bromosalicylaldehyde, 150 c.c. of amyl 
alcohol) separated from acetone in white needles melting at 267°. 
It was sparingly soluble in alcohol or acetic acid, insoluble in chloro- 
form, benzene, or water, and gave a blue coloration with sulphuric 
acid (Found: Br = 20°29. C,,H,,ON,Br requires Br = 20°57 
per cent.). 

5’: 7 : 8( ¢)-Tribromo-2' -hydroxy-2-phenylphenanthriminazole, pre- 
pared in a similar way to the preceding compound from dibromo- 
pherianthraquinone [D.R.-P. 222206] (2 grams) and 5-bromo- 
salicylaldehyde, separated from pyridine in straw-white needles, 
not melting below 285°. It gave with sulphuric acid a bluish-green 
coloration (Found: Br = 43°71. C,,H,,ON,Br, requires Br = 43°81 
per cent.). 

3’: 5’: 7: 8( 2)-Tetrabromo-4’ -hydroxy-2-phenylphenanthriminazole, 
obtained from 3: 5-dibromo-4-hydroxybenzaldehyde and _ the 
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dibromo-quinone of D.R.-P. 222206 in a similar way to the last 
compound, crystallised from pyridine in white needles, melting at 
275° (decomp.) after shrinking at 267°. It dissolves in sulphuric 
acid with a green colour (Found: Br = 50°83. C,,H,ON,Br, 
requires Br = 51°12 per cent.). 

3’-Nitro-7 : 8-dianilino-2-phenylphenanthriminazole.—The product 
obtained by boiling 1 gram of the corresponding dibromo-iminazole 
(vide supra) under reflux for two to three hours with 10 grams of 
aniline and 0°2—0°3 gram of copper powder (Ullmann, loc cit.) was 
filtered hot into dilute hydrochloric acid. The green precipitate 
was purified by washing, digestion with concentrated sulphuric 
acid, and precipitation with water; it was finally boiled with 
dilute hydrochloric acid. The substance is only slightly soluble in 
pyridine or aniline, and insoluble in other solvents. It does not 
melt at 285°, gives a characteristic green coloration with sulphuric 
acid, and dyes chrome-mordanted wool in brownish-green shades 
and unmordanted wool in grass-green shades (Found: N = 13:13. 
Cz3H,,0.N, requires N = 13°43 per cent.). 

3’-Nitro-5 : 10-dianilino-2-phenylphenanthriminazole was prepared 
in the same way as the preceding compound from the 2 : 7-dibromo- 
iminazole described above. The dark green, flocculent mass 
obtained was dried, dissolved in boiling pyridine, precipitated by 
hot water, and finally boiled with dilute hydrochloric acid. Unlike 
the other anilino-iminazoles described in this paper, it does not melt 
below 290°. It gives an olive-green coloration with sulphuric 
acid and dyes wool in leaf-green shades and chrome-mordanted wool 
in olive-green shades (Found: N = 13°04. C,3H,,0.N; requires 
N = 13°48 per cent.). 

3’-Nitro-5-anilino-2-phenylphenanthriminazole was prepared from 
the 2-bromo-iminazole (vide swpra) and purified in a similar way to the 
preceding compound. It was obtained as a bluish-green powder 
giving a dark-green coloration with sulphuric acid and dyeing 
chrome-mordanted or unmordanted wool in ash-coloured shades 
(Found: N = 12°6. C,,H,,0,N, requires N = 13°33 per cent.). 

4’-Nitro-7 : 8( ?)-dianilino-2-phenylphenanthriminazole, obtained 
by subjecting the corresponding dibromo-iminazole to Ullmann’s 
reaction, was dissolved in cold concentrated sulphuric acid, precipi- 
tated with water, and finally boiled with dilute hydrochloric acid. 
It gives a reddish-green coloration with sulphuric acid and dyes wool 
in leather-brown shades and chrome-mordanted wool in yellowish- 
brown shades (Found: N = 12°8. C,3H,,0,N;, requires N = 13°43 
per cent.). 

5’-Anilino-2’ -hydroxy-2-phenylphenanthriminazole, prepared from 
the corresponding iminazole, separates from pyridine in bluish- 
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violet needles. It dissolves in sulphuric acid with a dark green 
colour, changing to maroon, and dyes mordanted and unmordanted 
wool in maroon shades (Found: N = 9°96. C,,H,,ON, requires 
N = 10°47 per cent.). 

5’: 7: 8( 2) - Trianilino - 2’ - hydroxy - 2 - phenylphenanthriminazole, 
prepared from the corresponding bromo-compound, gives a dark 
green coloration with sulphuric acid and dyes wool in chocolate 
shades and chrome-mordanted wool in maroon shades (Found : 
N= 11°88. C,gH,.ON, requires N = 12-00 per cent.). 

3’: 5’ : 7: 8( %)-Tetra-anilino-4' -hydroxy-2-phenylphenanthrimin- 
azole, prepared in the usual way from the corresponding bromo- 
compound, dyes unmordanted wool in bluish-black shades and 
chrome-mordanted wool in bluish-green shades. It develops a 
bluish-green coloration in sulphuric acid. 


THE UNIVERSITY, Dacca, 
Beneat, Inpia. (Received, March 12th, 1923.] 


CLXXV.—The Protective Action of Potassium Oleate 
on Gold Sols in Water—Alcohol Mixtures. 


By Eric KEeIGHTLEY RIpDEAL and Lovis LzicutTon BircumsHaw. 


IREDALE (T., 1921, 119, 625), in investigating the protective action 
of soaps on gold solutions, showed that soaps, even in very dilute 
aqueous solutions, exerted a protective action on gold, whilst in 
alcohol no such protective action was to be observed. In con- 
sequence, it was argued that the hypothesis of McBain postulating 
a transition in the equilibrium 


colloid micelle 


to ON 


crystalloid == ions. 


in favour of the crystalloidal state on progressive dilution could not 
be accepted. In addition, he pointed out that the protective action 
of the colloidal soap might be outweighed by the coagulating 
action of the kations, although part of the experimental data is not 
beyond criticism in that the dispersity of a gold solution prepared 
from auric chloride varies greatly with the py, of the solution in 
which it is formed, and for the uniformity of which no precautions 
were taken. 

Owing to the fact that the surface tension of water is lowered 
by the addition of very small quantities of soap, it follows from 
Gibbs’s equation that the surface concentration exceeds that in 
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the bulk; consequently, the soap concentration at the gold—water 
interface may be sufficiently high to effect protection, although the 
circumambient solution is relatively dilute. Undoubtedly, as 
Iredale has shown, the protective action is not exerted by the soaps 
in the molecular state, but by both the neutral and acid soaps 
(shown to be present, especially in dilute solution, by McBain) 
either in the colloid or the micelle form. 

Although an experimental method for determining the con- 
centration of the soap at the gold—liquid interface for various 
dilutions has not yet been elaborated, a comparison with the data 
derived from a study of surface tension measurements at the air- 
liquid interface should give an indication as to the magnitude of 
this change. It has recently been shown by one of us (this vol., p. 
91), in a study of the density, viscosity, and surface tension of 
solutions of potassium oleate in water, in alcohol, and in mixtures 
of these, that dilution with alcohol is a convenient method for 
altering the relative concentrations of the various forms in which 
the soap can exist in solution, for the colloidal aggregate appears to 
break down in three distinct stages, extending over the ranges 
0—15, 15—45, and 45—100 per cent. of alcohol by volume. It 
appears very probable that the colloidal aggregate has disappeared 
completely at a concentration of 50 per cent. of alcohol. 

It was considered of interest to investigate the protective action 


of potassium oleate on gold solutions in aleohol—water mixtures and 
to determine how far an alteration in the dispersity occurred when 
the alcohol concentration was varied over the ranges indicated 


above. 


EXPERIMENTAL. 


Materials —The potassium oleate was prepared in a similar manner 
to that used in the previous work (loc. cit.). 

The gold chloride solution contained 6 grams per litre of the 
hydrated chloroauric acid in accordance with the directions of 
Zsigmondy (“‘ Kolloidchemie,” p. 150). 

The general method of procedure was as follows : To 12 c.c. of the 
soap solution dispersed in the aleohol—-water mixture, 0°25 c.c. of the 
gold chloride solution and 0°3 ¢.c. of a 0°18N-solution of pure 
potassium carbonate were added. As a reducing agent, both 
phosphorus, dissolved in ether, and hydroxylamine were employed. 
For the former, 0°25 c.c. of a saturated solution of phosphorus in 
ether diluted twenty-five times, and for the latter 0°25 c.c. of a 
1 per cent. aqueous solution was found to give uniform results. 
Reduction in all cases was carried out at room temperature. The 
full colour in the case of reduction with phosphorus was developed 
only after twenty-four hours, whilst hydroxylamine effected reduc- 
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tion much more rapidly. Im all cases, twice distilled water and 
carefully steamed boiling tubes were employed. 

Although the colour of the light transmitted through gold solutions 
varies, not only with the size, but also with the shape (Steubing, 
Ann. Physique, 1908, 26, 329; Garnett, Phil. Trans., 1904, [A], 
203, 385), yet in general the solutions transmitting red light consist 
of finer particles than blue sols (Lanyea, Sitzungsber. Akad. Wiss. 
Wien, 1909, 118, 867) and, in consequence, the colour change for 
solutions prepared under identically the same conditions may be 
accepted as a criterion of their dispersity. In a preliminary inves- 
tigation, the following results were obtained : 


01 per cent. Potassium oleate. 


9%, Alcohol 
by volume. Colour. Remarks. 
0-0 Very pale red. 
10-0 Pink. 
20-0 Red. Abrupt colour change. 
30-0 Reddish-purple. 
40-0 re “ 
50-0 99 . 
60-0 Bluish-purple. Precipitated in forty-eight hours. 
70-0 eS ade Precipitated in twenty-four hours. 
80-0 a rs Precipitated rapidly. 
90-0 9 29 29 29 


Thus between 20 and 30 per cent. of alcohol by volume a rapid 
change in the dispersity of the gold solution occurs, whilst between 
50 and 60 per cent. of alcohol the potassium oleate loses all its 
protective properties. In addition, a slight break in the regular 
series was to be noted within the range 0—10 per cent. 

A more detailed examination of the range 0—10 per cent. of alcohol 
and 20—30 per cent. of alcohol revealed the fact that the colour 
became markedly more intense between 3 and 4 per cent. of alcohol 
by volume, which increase continued up to 10 per cent. of alcohol, 
after which the colour increase in solution became less marked until 
a relatively sharp break in the colour change, red to reddish-purple, 
took place within the concentration range 26—28 per cent. of 
alcohol. 

The data on the surface tension of the solutions indicate that the 
surface tension of the oleate solution and mixed solvent is 
identical at 50 per cent. of alcohol, confirming the fact that in 
mixed solvents, as it has been shown for single solvents, the surface 
tension depressant is the protective agent. 

On dilution of the solutions prepared in this manner, it was 
found possible to make a somewhat approximate comparison 
between them by means of a simple tintometer. As standard, an 
unprotected red-gold solution was prepared according to Zsigmondy’s 
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method, and the red colour of the solutions prepared with the alcohol- 
water mixtures was matched against this. As the solutions in. 
creased in grain size, the matching of the red colour, even in extreme 
dilutions, was found to be increasingly difficult; nevertheless, the 
dilutions at which breaks in the curve, obtained in this way, occurred 
were found to be approximately coincident with those obtained by 
the comparative visual method of colour change. The data obtained 
in this manner are indicated on the curve (Fig. 1). 


Fia. 1. 
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Percentage of alcohol by volume, 


With regard to the data obtained, it appears that the following 
changes in the dispersion of the solution can be detected. 


(1) A fairly rapid change commences on the addition of 2—3 per 
cent. of alcohol and this continues up to 10 per cent. of alcohol. 

(2) From 10—26 per cent., the change is relatively small. 

(3) From 26 per cent., the change is fairly rapid up to 50 per cent. 
of alcohol, when protective action vanishes. 


The ordinary visual method and the method of matching agree 
with the exception of the point 25 (visual) and 26 (by matching). 
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Discussion. 


The study of the surface tension data for aleohol—-water mixtures, 
both with and without soap, indicated that on dilution to 50 per 


rred @ cent. of alcohol by volume the surface tension of the solution is 
l by @ unaltered by the addition of the soap. Evidently the surface 
ined @ tension depressant, either the micelle or colloidal soap, is entirely 


converted into a non-capillary active form in this medium. At the 
same dilution, such solutions have lost all their protective action 
on gold sols. Thus it appears probable that the concentration of 
soap at the gold-liquid interface does not differ much from that 
existing at the air-liquid surface, otherwise the effect of mass 
action on the equilibria of the various forms of soap on the two 
surfaces would necessitate a solvent of varying peptising power for 
each interface, that is, a different alcohol content; in addition, it 
appears that the protective action of soap is due to a surface con- 
centration in the colloidal or micelle form. 

The initial rapid change in the protective power within the range 
0—10 per cent. of alcohol coincides with a rapid fall in the viscosity 
(loc. cit.) of such solutions and may possibly be due to the com- 
paratively rapid peptisation or partial destruction of the coarser 
colloid particles on the addition of the first portions of alcohol to an 
aqueous solution of potassium oleate. 

Neither by viscosity nor from surface tension data is any abrupt 
change to be noted within the range 15—45 per cent. of alcohol. 
The protective action, however, suffers but little change between the 
range 10 and 26 per cent., and thereafter the change is more rapid 
until protective action ceases. The addition of alcohol exerts a 
twofold effect: it both decreases the ionisation of the micelle and 
increases the peptising power of the solvent. Owing to the fact 
that the micelle form is charged, it is probably less stable than the 
colloid. Thus on the addition of alcohol to the solution we may 
anticipate the destruction of the micellar form to take place before 
that of the colloidal form. It is possible that the range 10—26 per 
cent. of alcohol represents the gradual removal of the micellar form, 
and the second portion the complete peptisation of the remaining 
colloidal soap. 


Summary. 

The protective action of potassium oleate on gold sols, prepared 
in alcohol-water mixtures, has been examined. The protective 
action is found to vary with the alcohol content, exhibiting three 
well-defined ranges, 0—10 per cent., 10—26 per cent., and 26—45 
per cent. Above 50 per cent. of alcohol, the solution exerts no 
protective power. The protective action is compared with the 
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alteration of the viscosity and the surface tension of such solutions, 
and it is shown that the capillary active material, either the colloidal 
or micellar form, is the protective agent. Reasons are given for 
the hypothesis that the colloidal form is more protective than the 
micellar. The surface concentration of soap at the gold-liquid 
interface apparently runs parallel to the surface concentration at 
the liquid-air interface. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. (Received, May 3rd, 1923.| 


CLXXVI.—The Isomerism of Reduced Derivatives of 
Quinoxaline. Part I. The Four Stereoisomeric 
2: 3-Diphenyl-1 : 2: 3: 4-tetrahydroquinoxalines. 


By GrorcEe MacponaLp BENNETT and CHARLES STANLEY GIBsov, 


THE reduction of 2 : 3-diphenylquinoxaline was shown by Hinsberg 
and Konig (Ber., 1894, 27, 2181) to produce two isomeric | : 2: 3:4. 
tetrahydro-bases. On account of the presence of two similar 


NH-CHPh 
asymmetric carbon atoms in the molecule iii. two 


optically active and two inactive isomerides should be capable 
of existence, the case being analogous to the classical one of the 
stereoisomeric tartaric acids. 

The four bases theoretically possible have now been prepared. 
The “ «-base ’’ described by Hinsberg and K6nig was resolved by 
means of the d- and /-camphor-f-sulphonic acids, and the optically 
active bases have been obtained in enantiomorphous, crystalline 
forms. ‘The melting-point curve of one of the optically active bases 
with the inactive “ «-base ” indicated that the iatter is a racemic 
compound and not a mixture. The “ 6-base ” could not be resolved 
and therefore is the internally compensated isomeride. The 
isomeric bases are : 

’ M. p. [AM ]si6- 
l-2 : 3-Diphenyltetrahydro- 

quinoxaline 135—135-5° — 156-2° 
d-2 : 3-Diphenyltetrahydro- 

quinoxaline 135—135-5° + 155-7° 
racemic-2 : 3-Diphenyltetra- (The ‘‘ a-base ” 

hydroquinoxaline — of H. and K.) 
meso-2 : 3-Diphenyltetra- 

hydroquinoxaline (inter- (The ‘‘ B-base ” 

nally compensated) 142—143° _- of H. and K.) 

The diacetyl derivatives of the optically active bases are opposite 
in rotatory power to those of the corresponding bases. These have 
the following constants : 
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M. p. [.MJsis1- 
Diacetyl derivative of J-base 190—191° -- 164-3° 
Diacetyl derivative of d-base 190—191° — 165-3° 


EXPERIMENTAL. 
meso-2 : 3-Diphenyl-1 : 2 : 3 : 4-tetrahydroquinoxaline. 


This, the most easily obtained lof the isomeric bases, was prepared 
in the manner described by Hins- 
berg and K6nig (loc. cit.). From 
alcohol, it crystallises in small, 
pale yellow needles, m. p. 142— 
143° (uncorr.) (Found : C = 83°6; 
H = 6°3. Calc., C = 83°9; H = 63 
percent.). Large crystals (Fig. 1) 
were obtained by the slow 
evaporation of an acetone solu- 
tion. 


Fia. 1. 


Crystal system: Monoclinic; Class 5; Holosymmetric. 

Habit: Tabular parallel to A = {100}. 

Axial angle = 119° 7’. Azial ratios, a:b: c == 2°367:1 : 2038. 
Forms observed, A == {100}, C =: {001}, p = {110}, r = {101}. 

No. of 
measure- 

Angle measured. ents. Limits. Mean. Calc. 
Ap = (100) : (110) 63° 37’—64° 37’ 64° 12’ —_— 

Ar = (100) : (101) 32° 30’—33° 56’: 332°. 57’ _ 

Cr = (001) : (101) 27° 34’—28° 58’ —- 27° 56" oni 
pp’ = (110) : (110) 51° 15’—52° 11’ «451°. 33’ —s«B 1°. 36’ 
}Cr’ = (001) : (101) 51° 40’—53° 25’ 52° 29’ 52° 20’ 

ae (101) : (110) 68° 4’—68° 59’ 68°32’ 68°35’ 

= (101) : (100) 6 66° 29’—66° 46’ 66° 40’ 66° 47’ 
The large face showed an extinction parallel to the 6 axis. The 
position of the optic axes could not be observed. 

The diacetyl] derivative of the base was prepared in the usual 
manner, and, as described by Hinsberg and Kénig, was found to 
melt at 189—190°. 

Salt with d-camphor-B-sulphonic acid, 


py NEC SH 
CoH 4-C,H, 


was obtained crystalline by the careful addition of ether to a 
solution of equimolecular quantities of its components in ethyl 
acetate. It forms almost colourless plates belonging either to the 
monoclinic or to the triclinic system, the crystals being biaxial 
with one optic axis emerging approximately perpendicular to the 
large face. It melts with profound decomposition between 206° 


5 CoH, ;0°SO,H, 
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and 213° (Found: C= 688; H=6°6. CypH,,0,N,S requires 
C = 69°5; H = 6°57 per cent.). The salt showed no signs of 
resolution on repeated crystallisation. Its optical rotatory power, 
determined in pure ethyl alcohol (c = 0°430), was found to be 
[a ]§f1 + 24°4°, whence [/]2%,, + 126°5°. The base isolated from 
this salt was optically inactive. 

Neither the $- nor the «-base of Hinsberg and Kénig showed 
any signs of resolution into optically active components when 
condensed with d-hydroxymethylenecamphor. A single crystalline 
compound was obtained in each case. This, therefore, constitutes 
a further case of the failure of this method of resolving externally 
compensated compounds (compare Gibson and Simonsen, T., 1915, 
107, 1148). 


Resolution of Externally Compensated 2 : 3-Diphenyltetrahydro- 
quinoxaline into its Optically Active Components. 


The externally compensated (or “«-”) base (5°18 grams), 
obtained in the manner described by Hinsberg and Kénig, was 
dissolved together with d-camphor-f-sulphonic acid (4°3 grams, 
1 equivalent) in hot pure ethyl alcohol (60 c.c.). The crystals 
which separated during twenty-four hours consisted of the salt of 
the /-base in a practically pure condition. Further quantities 
of the same salt were obtained from the concentrated mother- 
liquor (3°85 grams in all). The base obtained from the final 
mother-liquor from this crystallisation by the addition of an 
aqueous solution of ammonia was dried and dissolved in pure ethyl 
alcohol together with an equivalent quantity of J-camphor- 
@-sulphonic acid, and yielded the salt of the d-base (17 grams, 
without working up the mother-liquor). These salts, after one 
recrystallisation from pure ethyl alcohol, showed equal and opposite 
rotatory powers in pure ethyl alcohol: JBdA, [«]?0, — 47:2°; 
BIA, [a], + 46°6°. 

Instead of isolating the “‘ «-base” in the somewhat laborious 
manner described by Hinsberg and K6nig and then resolving it 
in the manner described above, the following method is to be 
preferred. 2:3-Diphenylquinoxaline (10 grams) is dissolved in 
hot ethyl alcohol (99°5—100 per cent.) (450 ¢.c.), and sodium 
metal (26 grams) added as rapidly as possible to the boiling solution. 
The solution is diluted with water containing acetic acid (70 c.c.) 
and the bases are removed with benzene. The benzene is removed 
in a current of steam, the mixed bases are separated, dried, and 
then dissolved in hot alcohol (120 c¢.c.). The crystals which 
separate from the solution on cooling consist chiefly of the main 
portion of the meso- or internally compensated base, and, after this 
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is removed by filtration, d-camphor-f-sulphonic acid (5 grams) is 
added to the filtrate, and the solution concentrated to 40 c.c. The 
salt, LB dA, which now separates, is filtered off and the base in the 
resultant mother-liquor separated in the usual manner by means 


ireg 
s of 
wer, 


) 
Be. of aqueous ammonia. This base after drying is treated in hot 
alcoholic solution with 1 equivalent of /-camphor-$-sulphonic acid 
ved ig and the d& JA salt crystallises out when the solution is allowed to 
hen @ cool. 
line ]-2 : 3-Diphenyltetrahydroquinoxaline d - camphor - B- sulphonate, 
ls Oey GHC :C10Hy50-S04H, was crystallised once more 
15 from pure ethyl alcohol for final examination. It crystallises 
in small, doubly refracting, colourless needles, m. p. 245—252° 
(decomp.) (Found: C= 69:2; H=6°5. C,9H,,0,N,S requires 
C= 69°5; H = 6°57 per cent.). A determination of its optical 
rotatory power in pure ethyl alcohol (c = 0°441) gave [«]?0., — 
s), 569°, whence [7}29., — 294°5°. 
a 1-2 : 3-Diphenyl-1 : 2 : 3 : 4-tetrahydroquinoxaline, 
is, ol 
Is CoH _ | <Oetl *, 
Coves 
7 was liberated from the pure salt with d-camphor-8-sulphonic acid 
1] and recrystallised from ethyl alcohol. It melted at 135—135°5°, 
n The melting point and optical rotatory power were both unchanged 


by further recrystallisation (Found: C=836; H = 625. 
CyoH,,N, requires C = 83°9; H == 6°29 per cent.). 

d-2 : 3-Diphenyl-1 : 2: 3 : 4-tetrahydroquinoxaline was isolated in 
a similar manner from the salt with J-camphor-8-sulphonic acid. 
It melted at 135—135°5° (Found: C = 83°38; H= 6:0. Cy 9H,,.N, 
requires C = 83.9; H = 6:29 per cent.). 

The optical rotatory powers of these two bases were determined 
in pure ethyl! alcohol at 20° : 


| 5461 5791 5896 
| l-base (c = 0°799); [a] = — 546°, — 444°, —40°8°; [M] 46) = 
— 156°2°. 
d-base (c = 0°416); [a] = + 54:4°, + 43°8°, + 42°3°; [M]sag) = 
+ 155°7°. 


These two optical antipodes were found to crystallise in enantio- 
morphous forms (Figs. 2 and 3). 

Crystal system : Monoclinic; Class 4; Sphenoidal. 

Habit : Crystals obtained by slow evaporation of ethyl-alcoholic 


* Thin and thick strokes are used to indicate the groups which are in the 
same plane. 
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solutions were tabular parallel to p = {110}. Others, formed in 
a cooling solution, had a sphenoidal habit with more complex faces, 
Crystals from acetone were tabular parallel to B = {010}. 

Axial angle 99° 31'. Axial ratios, a:b: c¢ = 0°6326 : 1 : 1-050. 

Forms observed. The simple combination of C = {00l}, 
B= {010}, p= + {110} and p’ = — {110} frequently occurred, 
simulating holosymmetry, the J- and d-crystals being indistinguish- 
able. The enantiomorphism was shown by crystals having also 


Fia. 2. Fia. 3. 


the forms +-—g. Actually observed in the case of the /-base were: 
q = — {011}, and sometimes m = {112!, r= {120!; in the case 
of the d-base, gq = + {011} and, rarely, s = {023!. 

No. of 


measure- 
Angle measured. ments. Limits. Mean. 


Cp = (001) : (110) 81° 46’—82° 8’ 81° 56’ 

pb = (110) : (010) ; 57° 49’—58° 13’ 58° 2” 

Og = (001) : (011) 45° 34’—46° 16’ 46° 0’ 

pp’ = (110) : (110) 63° 48’—64° 12’ 64° 2 63° 56’ 

qgB = (011) : (010) 43° 47’—44° 12’ 44°’ 44°. 0 

BC = (010) : (001) 89° 51’—90° 4’ 89° 56’ = 90°. 0’ 

The diacetyl derivatives of the above two active bases were 
prepared in the usual manner. Recrystallised from ethyl alcohol, 
they were obtained in rosettes of almost colourless needles. They 
both melted at 190—191° and it is interesting to note that the 
optical rotatory power of the diacetyl derivative is opposite from 
that of the base from which it is prepared. Only the diacetyl 
derivative of the /-base was analysed (Found: C = 77:5; H = 63. 
C.4H,.0,N, requires C = 77°83; H = 60 per cent.). The optical 
rotatory powers were determined in pure ethyl alcohol : 


Leevo-, (c = 0°423); [a] = + 44°4°, [I T20,, = + 164-3°. 
Dextro-, (c = 0°341); [«]?0., = — 44°7°, [}20,, = — 165°3°. 
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racemic-2 : 3-Diphenyltetrahydroquinoxaline-—The preparation of 
this base by the slow evaporation of the alcoholic mother-liquor 
remaining after removing the meso-base, the method described by 
Hinsberg and Ko6nig (loc. cit.), is very tedious and unsatisfactory 
on account of the tendency of this more soluble base to oxidise 
whilst impure. It was found more convenient to mix exactly 
equal weights of the active antipodes in pure ethyl alcohol and to 
evaporate the solution under diminished pressure at the ordinary 
temperature. In this manner the base was obtained in small, 
almost colourless plates, m. p. 106°. Unfortunately, many attempts 
to obtain crystals suitable for goniometrical and optical observation 
were unsuccessful. 

The melting points of a series of mixtures of this d/-base with the 
d-base were determined and the temperature-composition curve 
showed a marked depression and a eutectic point at about 100° 
corresponding to a composition of 15—20 per cent. of the d-base 
with 80—85 per cent. of the dl-base. The dl- (formerly known as 
the ‘‘«- *?) base is therefore a racemic compound. 


Guy’s Hosprrtat Mepicat ScHoo., 
University or LONDON. [Received, May 7th, 1923.] 


CLXXVII.—Substitution in Vicinal Trisubstituted 
Benzene Derivatives. Part I. 


By Witu1am Daviess. 


SomE of the most important views of the mechanism of aromatic 
substitution in vogue at the present day are well represented by 
those of Karrer (Ber., 1915, 48, 1398) and of Kurt Meyer. Karrer 
holds that where derivatives of phenols and amines are concerned, 
the reactant initially combines with the oxygen or nitrogen atom 
to form an ammonium or oxonium salt, which is then converted 
into the nuclear substitution product. For example, the action 
of an alkyldiazonium hydroxide or halide on a tertiary amine (I) 
is to form the intermediate compound (II), which then undergoes 
rearrangement with the loss of a molecule of water or halogen 
hydride to produce (III). 


NR, 


F : 
| |-+ ArN,X 
bo 


(I.) 
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This principle is capable, with slight modifications, of wide 
application and harmonises, for example, with the ready rearrange. 
ment of phenylnitroamines into o0- and p-nitroanilines, and of pheny| 
sulphate into the o- and p-phenolsulphonic acids. It explains, 
moreover, the remarkable ease with which amines and phenols 
cause substitution to take place, and throws light on the inter. 
mediate compounds isolated by Dimroth and Hartmann (Ber,, 
1908, 41, 4012) in the condensation of diazonium hydroxides with 
the enolic forms of desmotropic substances. The experimental 
evidence adduced by Karrer (loc. cit.) partly consists in showing 
that when the alkyl groups in (I) are large (for example, isoamy| 
radicles), the action of diazotised sulphanilic acid results in the 
formation of a mono-, and not the expected di-tsoamylaminoazo- 
benzenesulphonic acid. Such a displacement usually occurs 
when the alkyl groups are large, and this fact receives its simplest 
explanation, in the terms of Karrer’s theory, by assuming that one 
of these radicles is dislodged before the necessary intermediate 
compound of the type (II) can be formed. Similar anomalous 
couplings are known between phenyl ethers and diazonium deriv- 
atives. Moreover, the conception of addition to an oxygen atom 
preceding the formation of the final product has been used in 
other cases than aromatic substitution, as a basis of the mechanism 
of reaction. For example, Goldschmidt (Z. Elektrochem., 1908, 
14, 581) explains esterification as taking place by means of the 
momentary quadrivalency of the oxygen atom of the alcohol. 

The formation of azo-derivatives from diazonium compounds 
and certain hydrocarbons (Meyer and Schoeller, Ber., 1919, 52, 
1468) shows that oxygen and nitrogen atoms are not peculiar in 
inducing coupling to take place, and that Kurt Meyer’s theory of 
addition to a conjugated double bond system is the more probable 
explanation. Nevertheless, this coupling with hydrocarbons can 
be successfully carried out only under special conditions and with 
diazonium compounds containing acigenic substituents in the 
nucleus, and contrasts very forcibly with the ease of coupling with 
amines and phenols and their derivatives. It has consequently 
been thought worth while to investigate certain complicated 
problems in orientation with the view of ascertaining whether the 
theory of Karrer can be modified to explain some anomalous 
cases. 

Now when the substituent 6 in a compound of the type (IV) is 
in the ortho-position with regard to the two other substituents 4 
and ¢, it is easy to imagine that steric influences may hinder the 
formation of any necessary intermediate compound by the agency 
of the substituent b. Not only may the well-known hindrance of 
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normal valency compounds occur in such cases, but instances are 
known of the similar prevention of the formation of molecular 
compounds. For example, Klages (Ber., 1899, 32, 1549) showed 
that 2 : 6-dimethylacetophenone was exceptional among the methyl 
and dimethyl derivatives of acetophenone examined in not forming 
a double compound with phosphoric acid. Moreover, Kenner and 
Parkin (T., 1920, 117, 852) have used a similar conception to 
explain the reactivity of some of the substituents already present 
in the benzene nucleus. 


4 OMe ne Fw 
/ Ny 
Cr Cae Cm OE 


| 
» a 
2 
(IV.) (V.) (VI.) (VIL.) 


The experimental portion of this communication centres round 
the nitration of o-veratraldehyde (V), which Perkin and Robinson 
(T., 1914, 105, 2389) showed is converted apparently entirely into 
(VI). This remarkable result might be explained by the above 
hypothesis of addition preceding substitution. The methoxy- 
group in the ortho-position to the aldehyde group would be sterically 
prevented from forming the intermediate compound (no matter 
whether the formation depends on the saturation of normal or 
partial valencies) and would consequently be expected to have no 
directing influence. The other methoxy-group, however, is not 
so obstructed, and would cause substitution to occur in the para- 
position with respect to it. As already pointed out, substitution 
actually does take place in this position. The result of nitrating 
o-vanillin (VII) does not contradict this view, because the hydroxyl 
group has a much smaller volume than the methoxyl group and a 
far greater directive influence. 

At the outset, it may be well to remark that the author is aware 
of instances that cannot be explained in this way at all. For 
example, the nitration of o-veratric acid (Cain and Simonsen, 
T., 1914, 105, 159) causes nitroxy] to enter the indicated position 
(VIII). This particular case, which is one of the very few excep- 
tions to the rule of Robinson and Jones (T., 1917, 141, 906), 
made the necessity of this investigation more urgent. 

In the course of the experiments now to be reviewed, where only 
one product has been obtained in bromination or nitration, the 
yield (which is given in the experimental part) shows that in almost 
all cases the reaction had gone to an extent of at least 75 per cent. 
in one direction. The remaining 25 per cent. is to be accounted 
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for by unavoidable loss in crystallisation and through working 
with comparatively small quantities. 

The experimental work has first been concerned with finding the 
position of substitution in the bromination and nitration of 
o-vanillin. The bromo- and nitro-derivatives of o-vanillin have 
already been described by Rupp and Linck (Arch. Pharm., 191i, 
253, 33), who assumed, without any supporting evidence, that the 
substituent enters the para-position with respect to the hydroxy. 
group. In view of the remarkable result of nitrating o-veratralde. 
hyde (V —> VI), it seemed desirable to investigate the nitration and 
bromination of o-vanillin more thoroughly. This has been done 
and the assumption of Rupp and Linck confirmed. 

The nitration product (LX) of o-vanillin is methylated and this 
nitro-o-veratraldehyde—which is different from the one obtained 
by the nitration of o-veratraldehyde—is readily converted into 
the original nitro-o-vanillin by the action of alkali; no trace of an 
isomeric nitro-o-vanillin is obtained in the process. This retro- 
grade step is excelient proof that the nitroxy] is in the meta-position 
to the aldehyde group, for if the nitroxyl were in any other posi- 
tion in the nucleus, the other methoxy-group would be loosened 
and alkaline hydrolysis (which would not very readily take place) 
would largely result in the formation of a nitro-derivative of iso- 
o-vanillin (X). This activating influence of meta-directing (especi- 
ally sulphonyl and nitro-) groups on ortho- and para-substituents 
is often one of the simplest means by which the constitution of the 
aromatic substance in question can be decided. 


Pa methylation 
CO,H O,N\ eo _ stealing ON. 


sone 


\ 
+f 4 


Ww 


(VIII.) (IX.) 


In this particular instance the formula for nitro-o-vanillin (IX) 
has been still further confirmed by its conversion into the corre- 
sponding 5-nitro-o-veratric acid (VIII), the constitution of which 
is definitely known (Cain and Simonsen, loc. cit.). 

The bromo-derivative (XI) of o-vanillin, when methylated and 
nitrated, is easily converted into an indigotin derivative * by the 
action of acetone and sodium hydroxide solution. This fact shows 


* Since the colour of indigotin is not greatly modified by methoxy-sub- 
stituents, the author has not examined in detail the derivatives of indigotin 
prepared in the course of this investigation. All these derivatives closely 
resemble indigotin itself in appearance and in its sparing solubility in organic 
solvents. 
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that the bromine atom cannot be in the ortho-position with respect 
to the aldehyde group, and therefore it is extremely probable that 
it is in the position indicated. This probability is still further 
enhanced by the fact that the methylation product (XII) of bromo 
p-vanillin is identical with the bromination product of o-veratr- 
aldehyde. 


OMe ~ Me OMe 


( ‘ou wie ad ( OMe <~— ( joMe 
\ SHO Br / Br /CHO \_ CHO 

(VIL.) (XI. es wv. ) 

In the bromination and nitration of o-veratraldehyde, the reversal 
of the positions taken up is apparently complete. This seems to 
he the best example yet known of the phenomenon of the occasional 
dependence of the position of substitution on the nature of the 
entering group. Other striking instances of this sort of phenomenon 
(apart from substitutions with mercury, which are only super- 
fcially abnormal) are the bromination and nitration of 4-nitro- 
veratrole investigated by Jones and Robinson (T., 1917, 111, 905), 
the chlorination and nitration of 2-chloro-p-toluenesulphonyl 
chloride (Davies, T., 1921, 119, 859) and of 2-chloro-p-nitrotoluene 
(idem, T., 1922, 124, 806), and the bromination and nitration of 
-methoxy-3-ethoxybenzaldehyde described below, although the 
last have not yet been completely investigated. The author is at 
present unable to advance any consistent interpretation of the above 
remarkable reactions, and it is difficult to devise an explanation that 
agrees with the constancy of substitution in the vast majority 
of simple cases. Possibly the difference in molecular volume 
and molecular density of the entering groups is an important factor 
in deciding the position taken up, especially in polysubstituted 
benzene derivatives, where the effect of the entering group is chiefly 
noticeable. It must, however, be mentioned that, in the anomalous 
instances mentioned above the tendency pointed out by Robinson 
(Annual Reports, 1921, 83) “for the entrance of halogen to be 
definitely directed by positive groups to the meta-position to a 
greater extent than is the case when the entering substituent is 
nitroxyl,”’ is observed throughout. 

In view of the remarkable contrast in the position of substitution 
shown in the nitration of o-veratraldehyde and o-veratric acid, it 
is of interest to ascertain whether, by suitable modification of the 
middle group in both aldehyde and the corresponding acid, similar 
substitution can be induced to take place in each case. The acetyl 
derivative of o-vanillin has accordingly been nitrated, but complete 
hydrolysis of the acetyl group apparently occurs during the process. 


i ad 
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2-Benzenesulphoxy-3-methoxybenzaldehyde (XIII) is, however, 
nitrated much more smoothly and the product isolated (though the 
yield is only about 50 per cent.) is 6-nitro-2-benzenesulphoxy. 
3-methoxybenzaldehyde (XIV), which can be converted into a deriv. 
ative of indigotin. It is, moreover, transformed by oxidation into an 
acid identical with the nitration product of 2-benzenesulphoxy. 
3-methoxybenzoic acid (XV). 


OMe OMe OMe . OMe 


( No: SO,Ph —C Xie SO,Ph -Q 0-SO,Ph Or SO,Ph 
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It is thus clear that when the para-directive power of the 
hydroxyl group in o-vanillin and the corresponding acid is suffi 
ciently weakened by connexion with suitable groups, the methoxy- 
group will, in both instances, cause substitution to take place in 
the position para to itself. The nitration of o-vanillin derivatives 
is thus brought into line with that of derivatives of vanillic acid 
(compare Klemenc, Sitzungsber. K. Akad. Wiss. Wien, 1913, 122, 
1343) and of guaiacol (Cardwell and Robinson, T., 1915, 107, 255), 
Hence nitro-derivatives of o-vanillin and the corresponding acid, 
containing the nitro-group in the meta- or para-position with 
respect to the methoxy-group, can be prepared at will. 

It has already been shown that in (X XV), when a is methoxyl and 
b hydroxyl, the two substitutions are entirely different (as far 
as nitration is concerned), and therefore moderate changes in the 
directing power of a and 6 cause complete change in the position 
of substitution. Hence it is of importance to consider the effect 
of extremely slight changes in the directive forces of a and 6. 
2-Methoxy-3-ethoxybenzaldehyde (XVI) has accordingly been chosen 
for this purpose, as there is probably little difference in directing 
power between the two similar groups. The analogy with o-veratr- 
aldehyde would indicate (XVIII) as the chief product, and this 
is the product that will be formed if the original idea of the effect 
of steric hindrance on substitution is valid. Experiment shows, 
however, that both (XVII) and (XVIII) are formed and that very 
probably (XVII) is the chief product. It can be isolated in nearly 
50 per cent. yield from the nitration product, the presence of the 
other isomeride (XVIII) being shown by its conversion into 4 
derivative of indigotin when treated with acetone and sodium 
hydroxide solution. It is hoped that the proportion of isomerides 
will be accurately determined by the action of ultra-violet light 
on a solution of the nitration product. 5-Nitro-2-methozy- 
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s.ethoxybenzaldehyde (X VIL) is entirely unaffected under these con- 
ditions, whilst the nitration product itself gives a greenish-blue 
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solution owing to the formation of a derivative of o-nitrosobenzoic 
acid (compare the action of ultra-violet light on o-nitrobenzaldehyde, 
Weigert and Kummerer, Ber., 1913, 46, 1207). The elaboration 
of such a method of analysis is particularly desirable, in view of the 
difficulty encountered in the estimation of o-nitrobenzaldehyde in 
the nitration product of benzaldehyde (Brady and Harris, this 
vol., p. 489). 

3-Ethoxysalicylaldehyde (XIX) is converted by nitration into 
)nitro-2-hydroxy-3-ethoxybenzaldehyde (XX), a reaction com- 
pletely analogous to the nitration of o-vanillin. The methylated 
product is demethylated by boiling with dilute sodium hydroxide 
solution, the original nitroethoxysalicylaldehyde being regenerated. 
Moreover the acid (X-XI) formed by oxidising the 5-nitro-2-methoxy- 
sethoxybenzaldehyde is converted by alkaline hydrolysis into a 
nitrohydroxyethoxybenzoic acid (XXII), and not a nitrohydroxy- 
nethoxybenzoic acid. These observations, in the light of the 
marks made on p. 1578, constitute a rigid proof of the accuracy 
of the formule in question. 

The bromination of 3-ethoxysalicylaldehyde and 2-methoxy- 
d-ethoxybenzaldehyde leads, as in the bromination of o-vanillin and 
-veratraldehyde, to derivatives in which the bromine atom is 
in the same position relative to the aldehyde group. It is note- 
worthy, however, that in the bromination of 2-methoxy-3-ethoxy- 
benzaldehyde the yield of bromo-derivative is not so large as in the 
bromination of o-veratraldehyde. The bromine atom is not 

VOL, CXXIII. 3H 
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adjacent to the aldehyde group, for the nitro-derivative of th¢ 
bromination product of 2-methoxy-3-ethoxybenzaldehyde is readily 
converted into an indigotin derivative in the usual way. It i 
hence extremely probable that the formule of these bromine deriy 
atives are correct, and that the bromination of 3-ethoxysalicy] 
aldehyde and its methyl derivative is perfectly analogous to th¢ 
bromination of o-vanillin and o-veratraldehyde. 

The nitration of 2-methoxy-3-ethoxybenzoic acid (XXIII) furnishes 
extremely interesting results when compared with the nitration 
of o-veratric acid. A mixture of two acids is formed, the one 
occurring in greater amount being 5-nitro-2-methoxy-3-ethory 
benzoic acid (XXI), m. p. 177°. There is also formed, however 
another isomeric acid melting at 157°5°, to which the formula of 
6-nitro-2-methoxy-3-ethoxybenzoic acid (XXIV) has tentativel 
been assigned. The correctness of this formula is fairly well estab 
lished by the fact that when the nitration product (which contains 
XVII and a substance forming an indigotin derivative) of 
2-methoxy-3-ethoxybenzoic acid is oxidised, only two acids are 
formed, one of which is the above 5-nitro-2-methoxy-3-ethoxy- 
benzoic acid melting at 177°, and the other an acid which seems 
.to be identical with the one melting at 157°5°. Completely con 
clusive evidence of the constitution of the acid melting at 15759 
will shortly be advanced. 

Since the proportion of the isomerides formed in the nitration 
of 2-methoxy-3-ethoxybenzaldehyde has not yet been determined, 
the discussion of the bearing of the nitration of this substance and 
of the corresponding acid on the general question will be postponed. 
But even at this stage it is not premature to record that whilst it 
is still difficult to reconcile the results of the nitration of o-veratr- 
aldehyde and o-veratric acid, the original idea of the influence off 
steric hindrance on the position of substitution cannot in this 
sense be used as a generalisation. The research is, however, being 
continued, in order to obtain more information concerning the 
irregularities that occur in the orientation of vicinal trisubstituted 
benzene derivatives. 

The description of the properties of the new substances prepared 
is to be found in the experimental portion of the paper. Attention, 
however, is here directed to the pungent and sternutatory properties 
of 2-methoxy-3-ethoxybenzaldehyde (XVI), which are considerably 
more pronounced than those of o-veratraldehyde. It should also 
be mentioned that no appreciable replacement of the aldehyde 
group by nitroxyl (compare Salway, T., 1909, 95, 1155) has been 
observed in the nitration of the ethers of these vicinal hydroxy- 
aldehydes. 
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EXPERIMENTAL. 
Nitration and Bromination of o-Vanillin and its Derivatives. 


Preparation of 5-Nitro-2-hydroxy-3-methoxybenzaldehyde (IX).— 
o-Vanillin has already been nitrated by Rupp and Linck (loc. cit.), 
but as it is advisable for purposes of reference and comparison to 
give details of the method of nitration in acetic acid, the conditions 
used throughout the preparation are here described in full. A 
solution of nitric acid (5 c.c.; d 1°42) in acetic acid (20 c.c.) is 
slowly added with stirring and cooling to a cold solution of 
o-vanillin (15-2 grams) in 70 c.c. of glacial acetic acid. The reaction 
liquid becomes red, the temperature is maintained at 10—20°, 
and a pale yellow solid rapidly separates. This precipitate is 
collected after remaining over-night and when dry weighs 13:2 
grams and melts at 140°. A further 2 grams can be obtained by 
diluting the acetic acid solution with water. 5-Nitro-2-hydroxy- 
3-methoxybenzaldehyde crystallises in very faintly yellow needles 
melting at 140—141°, whereas Rupp and Linck record 142° 
(Found: N=7'0. Calc.,N = 7'l percent.). It dissolves readily in 
most organic solvents and is slightly soluble in boiling water. 
The aqueous solution resembles that of picric acid, inasmuch as it 
is very much more yellow than the alcoholic or benzene solution. 
The sodium salt is slightly soluble in cold water, from which it 
separates in bright yellow needles. 

5-Nitro-2 : 3-dimethoxybenzaldehyde.—The above described nitro- 
o-vanillin is not conveniently methylated by means of methyl 
sulphate, but the methylation is easily carried out by the applica- 
tion of Purdie’s method. Nitro-o-vanillin (7°4 grams), dissolved 
in a mixture of methyl iodide (5 c.c.) and chloroform (30 c.c.), is 
| boiled with finely powdered silver oxide (7 grams) for three hours. 
The inorganic matter is filtered off, and most of the solvent removed, 
when the methylated product (m. p. 115°) separates out in almost 
quantitative yield. Recrystallisation does not alter the melting 
point. 5-Nitro-2 : 3-dimethoxybenzaldehyde consists of colourless 
needles which are very soluble in hot and somewhat soluble in cold 
methyl alcohol, very slightly soluble in boiling water, and insoluble 
in cold sodium hydroxide solution (Found: N= 64. C,H,O;N 
requires N = 6°6 per cent.). 

This nitro-o-veratraldehyde (0°2 gram) can be partly demethylated 
by boiling for a quarter of an hour with N-sodium hydroxide 
solution (20 e.c.). The clear orange-red solution, which becomes 
yellow on cooling, is filtered from unchanged nitro-o-veratraldehyde 
and acidified with hydrochloric acid. The light yellow substance 


produced melts at 138—141°, and after one crystallisation from 
; 3H2 
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benzene, at 141°, alone or when mixed with a specimen of the 
original nitro-o-vanillin. This retrograde step is strong evidence 
in favour of the position assigned to the nitro-group in 5-nitro. 
2 : 3-dimethoxybenzaldehyde. 

The accepted formula for this substance is confirmed by con- 
verting it by oxidation with potassium permanganate solution into 
the corresponding acid melting at 176° (uncorr.), which is the 
melting point of 5-nitro-o-veratric acid (Cain and Simonsen, loc, 
cit.). The acid is esterified by means of ethyl alcoholic hydrogen 
chloride, when the ethyl ester is obtained in colourless needles 
melting at 79°. The melting point is not depressed when this 
ester is mixed with an authentic specimen of ethyl 5-nitro-o-veratrate 
melting at 79°. 

In order to render the nitration of o-veratraldehyde completely 
comparable with the nitration of o-vanillin and the bromination 
of o-veratraldehyde (see p. 1586), the nitration has been carried outin 
glacial acetic acid with the theoretical quantity of nitric acid. 
No rise of temperature or other sign of reaction is noticed when 
the reactants are mixed in the cold, but when the mixture is gently 
warmed on the water-bath for a quarter of an hour a definite reaction 
takes place. The product is kept over-night in a desiccator, when 
needles separate which melt at 88° and are identical in all respects 
with the nitroveratraldehyde obtained by Perkin and Robinson 
(loc. cit.). 

To ascertain whether the remarkable contrast in the position of 
substitution which obtains in the nitration of o-veratraldehyde and 
of o-veratric acid holds for other derivatives of o-vanillin and 
their corresponding acids, certain derivatives of o-vanillin have been 
made and their nitration has been attempted, with the object of 
comparing the oxidised product with the substance produced by the 
nitration of the corresponding acid. Acetyl-o-vanillin (m. p. 76°), 
prepared by the ingenious method described by Rupp and Beyer 
(loc. cit., p. 380), unfortunately cannot be nitrated by nitric acid 
in the cold. Even with the purest nitric acid, steady hydrolysis 
of the acetyl group takes place and the o-vanillin formed is then 
oxidised. By throwing the nitration product into water at different 
stages of the reaction, the only substance that can be isolated is 
unchanged acetyl-o-vanillin. Accordingly, the point at issue has 
been investigated with reference to 2-benzenesulphoxy-3-methoxy- 
benzaldehyde (XIII). 

2-Benzenesulphoxy-3-methoxybenzaldehyde, melting at 121’, 
prepared as described by Rupp and Linck (loc. cit.), is not smoothly 
nitrated owing to complicated reactions that occur when the 
solution in nitric acid is allowed to stand. Fairly good results 
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are obtained as follows: Benzenesulphoxymethoxybenzaldehyde 
(1 gram) is powdered and added at once to 20 c.c. of fuming nitric 
acid (d 1°5) at 12°. The temperature rises to 20° and a clear solu- 
tion is formed, which after standing for ten minutes is poured into 
water. The product when dry melts at 120—135°, and after 
crystallisation from alcohol 0°6 gram of needles melting at 145° 
isobtained. A small amount of unchanged substance is also formed. 
6-Nitro-2-benzenesulphoxy-3-methoxybenzaldehyde (XIV) consists of 
very faintly yellow needles which melt at 145° and become super- 
ficially greenish-blue on exposure to sunlight at the ordinary 
temperature (Found: N= 43. C,,H,,0,NS requires N = 4:15 
per cent.). A solution of this substance (0°05 gram) in acetone 
(2 c.c.) is treated with a drop of concentrated sodium hydroxide 
solution and gently warmed and shaken until the solution becomes 
deep brown; it is at once diluted with about twice its volume of 
water and the solution boiled, when a derivative of indigotin rapidly 
separates in a very finely crystalline state. This method of preparing 
indigotins from o-nitrobenzaldehydes is very rapid and satisfactory. 

6-Nitro-2-benzenesulphoxy-3-methoxybenzoic acid (XV) is prepared 
by the oxidation of the above aldehyde by means of potassium 
permanganate in the way indicated on p. 1587. The acid is obtained 
in excellent yield in colourless, glistening laminz melting at 218°, 
and can be conveniently recrystallised from dilute alcohol. 

Nitration of 2-Benzenesulphoxy-3-methoxybenzoic Acid.—This acid 
is prepared in 80 per cent. yield by the oxidation of the correspond- 
ing aldehyde in the way described by Rupp and Linck (loc. cit.). 
The melting point (195°) of their acid is somewhat low, for it 
separates from alcohol—in which it is only slightly soluble—in 
short, glistening crystals melting at 209°. The nitration of this 
acid takes place smoothly when one gram is dissolved in nitric 
acid (20 c.c.; d 1:5) at 10° and the solution kept over-night. When 
crystallised from alcohol, colourless plates (0°8 gram) melting at 
218° are obtained. This substance is far more soluble in alcohol 
than the acid from which it is derived and a mixture of the two 
acids melts below 180°. On the other hand, when this nitro-acid 
(Found: C=47'7; H=3°3. (C,,H,,0,NS requires C = 476; 
H = 3:1 per cent.) is mixed with that formed by the oxidation of 
6-nitro-2-benzenesulphoxy-3-methoxybenzaldehyde, the melting 
point of the mixture is the same as that of its constituents. 

It is clear from these experiments that whilst o-veratraldehyde 
and o-veratric acid cause nitration to take place in entirely different 
positions, 2-benzenesulphoxy-3-methoxybenzaldehyde and _ the 
corresponding acid orientate in the same place, as far as the intro- 
duction of nitroxyl is concerned. 
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Bromination of o-Vanillin. 


5-Bromo-2-hydroxy-3-methoxybenzaldehyde (XI) is prepared 
exactly as described by Rupp and Linck by bromination in cold 
glacial acetic acid, when a yield of more than 80 per cent. of light 
yellow needles is obtained. No other substance can be isolated 
from the reaction product. 

Methylation of Bromo-o-vanillin.—This reaction takes place much 
more smoothly by means of methyl sulphate than by Purdie’s 
method. Bromo-o-vanillin (2 grams), dissolved in methyl alcohol 
(30 c.c.), is treated with 1-5 c.c. of methyl sulphate and an equivalent 
quantity of sodium hydroxide solution and boiled for half an hour, 
Methyl sulphate and sodium hydroxide solution are alternately 
added in very small quantities to the boiling solution until the 
slightest excess of either causes a change in colour. The time required 
is less than an hour and the volume of methyl sulphate used is 
1:7 c.c. On cooling, the bromodimethoxybenzaldehyde (XII) 
separates out in almost quantitative yield in colourless, sternutatory 
needles melting at 81° (Found: Br = 32°3. C,H,O,Br requires 
Br = 32°6 per cent.). This methylation can also be successfully 
carried out without the aid of any organic solvent. 

Bromination of o-Veratraldehyde—o-Veratraldehyde (3 grams), 
dissolved in 20 c.c. of glacial acetic acid, is treated in the cold 
with a solution of bromine (3-0 grams) in 4 c.c. of glacial acetic acid, 
whereby heat is evolved. The temperature is maintained at 
10—20° for two days and the clear solution then poured into water, 
the solid precipitate washed, and dried in a vacuum. It weighs 
3°7 grams and melts at about 70°. When recrystallised from methyl 
alcohol, the bromo-o-veratraldehyde separates in colourless needles 
melting at 81°, and weighs 3:1 grams. This substance is identical 
in all respects with the methylation product of bromo-o-vanillin, 
and the mixed substances melt sharply at 81°. 

5-Bromo-6-nitro-2 :3-dimethoxybenzaldehyde.—One part of 5-bromo- 
2: 3-dimethoxybenzaldehyde (this specimen was made by the 
methylation of bromo-o-vanillin) is dissolved in 20 parts of nitric 
acid (d 1°42) at 10—20°, and on standing the nitrated substance 
separates in a crystalline state, and is obtained in excellent yield 
by pouring the reaction product into water. This nitro-derivative 
is considerably less soluble in organic solvents than the original 
bromoveratraldehyde, and crystallises from methyl alcohol or 
glacial acetic acid in glistening, faintly yellow needles melting at 
141° (Found: N= 49. C,H,O;NBr requires N = 4°8 per cent.). 
It is readily converted into a derivative of indigotin by the action 
of acetone and sodium hydroxide solution. Hence the bromine 
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ijtom is not in the ortho-position with respect to the aldehyde 
up. 

TES Acid.—Half a gram of a specimen of 5-bromo- 

p-veratraldehyde (made by methylating o-vanillin) is suspended in 

asolution of magnesium sulphate (2 grams) in water (50 c.c.), and 

the boiling suspension gradually treated with a solution of potassium 

prmanganate (0°4 gram) in 20 c.c. of hot water. When the per- 


ch Mmanganate solution is decolorised, the reaction product is cooled, 
ie’s Bshaken with 2N-sodium hydroxide solution (20 c.c.), and filtered 
hol Mold, by which means any unchanged aldehyde is retained in the 
mt @inorganic precipitate. The filtrate is acidified with hydrochloric 
ur, Macid and rapidly deposits clusters of colourless needles (0°4 gram) 
ly melting at 120° (Found: C= 41:5; H = 3:5; equivalent = 261. 
he (,H,0,Br requires C = 41°4; H = 3:4 percent. ; equivalent = 258). 
ed # This acid is slightly soluble in boiling and sparingly soluble in cold 
is Mwater. It was hoped that by distillation in a vacuum the acid 
I) J would lose carbon dioxide and be transformed into a bromoguaiacol 
'y methyl ether, but unfortunately the acid is very stable and distils 


at a high temperature practically unchanged. The conversion of 
the nitro-derivative of o-veratric acid into this or an isomeric 
bromoveratric acid is also unexpectedly difficult to carry out, 
owing to the instability of the intermediate amino-o-veratric acid, 
It is hoped to submit, in a further communication, completely 
conclusive evidence of the position taken up by bromine in the 
bromination of o-vanillin. 


Nitration and Bromination of 3-Ethoxysalicylaldehyde and its 
Derivatives. 


3-Ethoxysalicylaldehyde (XIX), prepared by the firm of Haar- 
mann and Reimer, Holzminden, does not seem to be described in 
the literature. The commercial product melts at 54—59°, but when 
purified by distillation in a current of steam it is obtained in long, 
light yellow needles melting at 64—65° and boiling with very slight 
decomposition at 263—264°/740 mm. (Found: C = 64:9; H=6:1. 
Cale., C = 65°1; H = 6-0 per cent.). It possesses an extremely 
fragrant odour, much more pleasant than that of o-vanillin, and is 
readily soluble in organic solvents, but slightly soluble in water, 
the aqueous solution being distinctly yellow. Thesubstance behaves 
like many other derivatives of salicylaldehyde; for example, it is 
volatile in steam, its alcoholic solution produces an indigo-blue 
coloration with ferric chloride solution, and it is easily converted 
into a scarlet p-nitrophenylhydrazone. 

5-Nitro-2-hydroxy-3-ethoxybenzaldehyde (XX).—3-Ethoxysalicyl- 
aldehyde is nitrated in acetic acid solution with a slight excess of 
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nitric acid under the conditions described in the nitration of 
o-vanillin. 3-Ethoxysalicylaldehyde is less soluble in acetic acid 
than o-vanillin, and therefore 9 grams are dissolved in a compara. 
tively large proportion (75 c.c.) of acetic acid, from which 6 grams 
of the nitration product crystallise on standing. It is perfectly 
pure, melts at 158°, and a further 2 grams can be isolated by dilut- 
ing the filtrate with water and crystallising the precipitate from 
alcohol. This substance consists of small, light yellow crystals 
closely resembling the nitration product of o-vanillin (Found: 
N = 67. C,H,O;N requires N = 6°6 per cent.). 

5-Nitro-2-methoxy-3-ethoxybenzaldehyde (XVII)—The above 
nitroethoxysalicylaldehyde is methylated by boiling with silver 
oxide and methy] iodide in chloroform, the reaction being complete 
in one hour. The yield is almost quantitative and the methylation 
product separates in very light, colourless needles melting at 118°5° 
(Found: C= 534; H=49. Cy 9H,,0;N requires C = 533; 
H = 4°9 percent.). No trace of an indigotin derivative is obtained 
by the action of acetone and sodium hydroxide solution on this 
nitrobenzaldehyde derivative. In order to examine the effect of 
sodium hydroxide solution the substance (0°1 gram) is boiled for 
five minutes with 2N-sodium hydroxide solution (8 c.c.), when a 
deep yellow solution is rapidly formed. The liquid, after being 
cooled, diluted, and filtered from unchanged substance, is acidified, 
when a light yellow substance at once separates. On crystallis- 
ation from ethyl alcohol, the precipitate is obtained in very light 
yellow crystals melting at 158°, and at this temperature when mixed 
with the original nitroethoxysalicylaldehyde. Hence demethyl- 
ation and not de-ethylation is the main result of boiling this nitro- 
methoxyethoxybenzaldehyde with sodium hydroxide solution. 
This fact is very strong evidence in favour of the formula adopted, 
and the evidence is still further strengthened by the behaviour 
of the corresponding acid. 

5-Nitro-2-methoxy-3-ethoxybenzoic Acid (XXI).—The above 
described nitromethoxyethoxybenzaldehyde (1°1 grams) is oxidised 
with a slight excess of potassium permanganate solution in the 
presence of magnesium sulphate exactly as described in the pre- 
paration of bromo-o-veratric acid (p. 1587). A small amount of the 
aldehyde remains unchanged and 0°8 gram of an acid melting at 
177° is produced. This acid is very sparingly soluble in cold water, 
so much so that when a cold, fairly dilute aqueous solution of one 
of its salts is acidified, the acid is precipitated so rapidly as to 
appear amorphous to the naked eye. It can be crystallised from 
hot water, in which it is moderately soluble, or better from 90 per 
cent. ethyl alcohol, when it is obtained in colourless needles melting 
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at 177° (Found: equivalent = 241. C,9H,,0,N requires equiva- 
lent = 241). This acid gives no coloration with aqueous alcoholic 
ferric chloride solution. 
rams MH §-Nitro-2-hydroxy-3-ethoxybenzoic Acid (X XII).—5-Nitro-2-meth- 
fectly oxy-3-ethoxybenzoic acid (0°5 gram) is boiled with 2N-sodium hydr- 
dilut. @ oxide solution (75 c.c.), when a deep orange coloration is rapidly pro- 
from @ juced. After ten hours,* the solution is cooled, filtered from a trace 
stals @ of flocculent matter, and acidified with hydrochloric acid, when an 
und : @ acid (0°3 gram) melting at 205° is formed. 5-Nitro-2-hydroxy- 
3-ethoxybenzoic acid consists of colourless needles possessing a 
bove metallic sheen and sparingly soluble in cold water. Attempted 
silver purification does not alter the melting point of the acid first pre- 
Plete § cipitated. The acid when treated with aqueous alcoholic ferric 
ation chloride solution gives an intense brownish-violet coloration which 
185° rapidly becomes brown. The analysis shows that the methoxy- 
3°3; and not the ethoxy-group has been hydrolysed (Found: 
ined C=479; H=4:1; equivalent = 226. C,H,O,N requires C = 
this 476; H=3-9 per cent; equivalent = 227). The equivalent is 
t of # determined by direct titration of the acid with sodium hydroxide 
| for § solution until a permanent orange-red solution is formed. This 
"1 4 @ coloration is due to a trace of the disodium salt, and such a solution 
ing @ deposits large quantities of sodium 5-nitro-2-hydroxy-3-ethoxry- 
fied, benzoate in clusters of colourless needles very sparingly soluble in 
lis. F oold water. 
ight Preparation of 2-Methoxy-3-ethoxybenzaldehyde.—3-Ethoxysalicyl- 
xed § aldehyde (16°6 grams) is dissolved in methyl alcohol (80 c.c.) and a 
hyl. part of a solution of sodium hydroxide (5 grams of NaOHin 15 c.c. of 
tro- water) added until the yellow sodium salt separates from the boiling 
ion. # methyl alcoholic solution. Methyl sulphate (10 grams) is at once 
ted, added and the mixture boiled until the yellow colour disappears. 
our @ The remaining sodium hydroxide solution is now added and also 
a further 6 grams of methyl sulphate; after the reaction has gone on 
ove § for a short time, the colour of the product can be changed from 
sed yellow to a singular green and from this back to yellow by alter- 
the J nate treatment with minute quantities of methyl] sulphate and of 
re- # sodium hydroxide solution, respectively. The reaction is now 
the complete, the time required being about half an hour. The yellow 
at F solution is allowed to cool and diluted with water, when the desired 
et, methylation product separates as thick, colourless crystals (m. p. 
44°) in a yield of 13 grams. 
to 2-Methoxy-3-ethoxysalicylaldehyde can be recrystallised from 


er * The change in colour probably shows that the reaction is almost com- 
| plete in a few minutes, but the reaction was allowed to proceed for ten hours 


to avoid any possibility of the presence of unchanged acid. 4 
3H 
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methyl alcohol and is slightly soluble in water, from which it separates 
in colourless needles melting at 45°. It is volatile in steam, has a 
burning taste, and when hot is extremely pungent and sternut. 
atory, but is much less objectionable when cold (Found : C = 664; 
H = 6°55. ©, 9H,,0, requires C = 66°7; H = 6°7 per cent.). 

Nitration of 2-Methoxy-3-ethoxysalicylaldehyde—At least two 
isomerides are produced in this experiment. When the nitration 
is carried out with excess of nitric acid (d 1°42) at the ordinary tem. 
perature in the usual way and the nitration liquid diluted with 
water, the substance obtained melts at about 85° and produces 
a small amount of an indigotin derivative when treated with 
acetone and sodium hydroxide solution. One of the isomerides 
produced in the nitration is sparingly soluble in cold concentrated 
nitric acid, and advantage can be taken of this fact to isolate it 
in a pure condition in the following way. 2-Methoxy-3-ethoxy.- 
salicylaldehyde (5 grams) is added in small quantities at a time to 
nitric acid (20 c.c.; d 1°42) at 10—20° with stirring. Even before 
all the aldehyde has been added, fine, silky needles begin to separate, 
and when the reaction is complete the product is cooled to 5°, 
filtered, and the precipitate dried. This substance weighs 2°4 
grams and melts at 113—118°; it crystallises from methyl alcohol 
in colourless, light needles melting at 118°5°. It yields no trace 
of an indigotin derivative when treated with acetone and sodium 
hydroxide solution, and is shown to be identical with 5-nitro- 
2-methoxy-3-ethoxybenzaldehyde (p. 1588) by the method of mixed 
melting points. 

5-Nitro-2-methoxy-3-ethoxybenzaldehyde undergoes no change 
of colour or melting point when exposed in pure acetone solution 
for twenty-five hours to ultra-violet rays from a powerful mercury 
lamp. On the other hand, the well washed nitration product 
(m. p. 85°) obtained by precipitation with water rapidly becomes 
greenish-blue when exposed to ultra-violet rays under the same 
conditions. 

When the nitration product (m. p. 85°) is oxidised with potassium 
permanganate solution, only two acids can be isolated. They are 
separated by crystallisation from water, the less soluble consisting 
of needles melting at 177° and identical with 5-nitro-2-methoxy- 
3-ethoxybenzoic acid (p. 1589). The more soluble acid melts at 
157°5° and is apparently identical with the lower-melting acid 
obtained in the nitration of 2-methoxy-3-ethoxybenzoic acid (see 
below). Since the nitration product of 2-methoxy-3-ethoxy- 
benzaldehyde can be partly converted into an indigotin derivative, 
and has been shown above to consist partly of 5-nitro-2-methoxy- 
3-ethoxybenzaldehyde, and since, on the other hand, the nitration 
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product can be converted by oxidation into two acids only, there can 
be little doubt that the more soluble acid melting at 157°5° is 
6-nitro-2-methoxy-3-ethoxybenzoic acid. Conclusive evidence of 
the constitution of this acid will shortly be advanced. 

2-Methoxy-3-ethoxybenzoic Acid (X XIIT).—This acid is not formed 
in good yield from the corresponding aldehyde by oxidation with 
the theoretical quantity of potassium permanganate in water or 
acetone, a considerable quantity of unchanged aldehyde being 
left. The following procedure is fairly satisfactory. 2-Methoxy- 
3-ethoxybenzaldehyde (5 grams), suspended in boiling water (40 c.c.) 
containing 8 grams of potassium carbonate, is gradually treated 
with a hot solution of 5 grams of potassium permanganate in 50 c.c. 
of water. The permanganate solution, which is in large excess, is 
decolorised in about half an hour, although some unchanged alde- 
hyde is still present, as is shown by the pungent smell of the hot 
liquid. The reaction liquid is filtered hot, and the filtrate cooled 
and kept, when a small amount of unchanged aldehyde separates. 
This is filtered off and the clear solution acidified with hydrochloric 
acid, whereupon the desired acid crystallises out in a yield of 
35 grams. 2-Methoxy-3-ethoxybenzoic acid consists of sparkling, 
colourless, compact crystals melting at 59°, and moderately soluble 
in cold water (Found: equivalent = 194. (C,9H,.0, requires 
equivalent = 196). This acid has a remarkably low melting point, 
which is not altered by repeated crystallisation. 

Nitration of 2-Methoxy-3-ethoxybenzoic Acid.—As shown in the 
course of some preliminary experiments, the nitration of 2-methoxy- 
3-ethoxybenzoic acid results in the formation of two mononitro- 
derivatives which differ considerably in their solubility in water 
and in dilute alcohol, and still more in their rate of separation from 
water. After various experiments on the latter property, it was 
found that a rough estimation of the amounts of the two isomerides 
may be carried out thus: 2-Methoxy-3-ethoxybenzoic acid (2-0 
grams) is dissolved in concentrated nitric acid (20 c.c.; d 1°42), 
the temperature being maintained between 15° and 20°. After a 
few minutes the nitrated acid begins to separate in needles and the 
nitration mixture is immediately thrown into 150 c.c. of cold water 
and filtered from the precipitated acid at once. The thick, appar- 
ently amorphous precipitate, which is, however, crystalline under 
the microscope, is well washed with water and dried at 100°, when 
it weighs 1:28 grams and melts at 175—177° (Found: N = 58. 
Cale. for Cy9H,,0,N, N = 58 per cent.). This acid is identical 
with 5-nitro-2-methoxy-3-ethoxybenzoic acid as shown by the 
method of mixed melting points. The filtrate—of which the total 


volume is 330 c.c.—is kept for twenty-four hours, when colourless 
3H* 2 
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prisms (0°50 gram) melting at 157°5° are gradually formed. The 
filtrate after concentration in a vacuum to 75 c.c. deposits a mixture 
of acids melting at 142—157° and weighing 0°35 gram. This mix. 
ture has not yet been completely separated into its constituents, 
The experiment shows, however, that in the nitration of 2-methoxy. 
3-ethoxybenzoic acid the nitro-group chiefly enters the position 
meta with respect to the carboxyl group. 

6( ?)-Nitro-2-methoxy-3-ethoxybenzoic Acid (XXIV) melts at 157°5° 
and is easily distinguished from the isomeride occurring with it, 
both by its greater solubility in water and alcohol, and also by its 
appearance. It is beautifully crystalline, some of the prisms 
being half a centimetre in length, and hence this acid is easily 
differentiated from the isomeric 5-nitro-2-methoxy-3-ethoxybenzoic 
acid, which consists of minute needles. 6-Nitro-2-methoxy- 
3-ethoxybenzoic acid (Found: equivalent = 240. C, 9H,,0,N 
requires equivalent = 241) is apparently identical with the more 
fusible acid of the two formed by the oxidation of the nitration 
product of 2-methoxy-3-ethoxy benzaldehyde (p. 1591). 


Bromination of 3-Ethoxysalicylaldehyde. 


The bromination of 3-ethoxysalicylaldehyde with the calculated 
quantity of bromine in acetic acid solution does not proceed 


smoothly, owing to the formation of considerable amounts of a 
colourless, crystalline substance melting above 250°. This product 
is sparingly soluble in acetic acid, methyl alcohol, or acetone, but 
can be conveniently recrystallised from ethylene dibromide. The 
sparing solubility and high melting point indicate that this substance 
is an anhydro-aldehyde (or a bromine derivative) of the type in- 
vestigated by Rupp and Beyer (loc. cit., p. 379). The formation of 
this substance can be entirely avoided by carrying out the reaction 
in the following way: 3-Ethoxysalicylaldehyde (3 grams) is dis- 
solved in glacial acetic acid (25c.c.) to which 5 grams of powdered, 
freshly fused sodium acetate have been added. The suspension is 
continually stirred and gradually treated with bromine (3-0 grams) 
in glacial acetic acid (6 c.c.), the temperature being maintained 
between 10° and 20°. The product is poured into water and the 
solid collected and crystallised from alcohol, from which 2°5 grams 
of the pure bromine derivative separate. 

5-Bromo-2-hydroxy-3-ethoxybenzaldehyde consists of yellow needles 
melting at 94°, very soluble in hot and sparingly soluble in 
cold alcohol. The alcoholic solution gives a blue coloration 
with ferric chloride solution, and a red, crystalline hydrazone 
with an aqueous alcoholic solution of p-nitrophenylhydrazine 
hydrochloride. 
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5-Bromo-2-methoxy-3-ethoxybenzaldehyde is produced in almost 
quantitative yield by methylating the above phenolic substance with 
methyl sulphate and sodium hydroxide solution in methyl-alcoholic 
solution. It is readily soluble in hot and sparingly soluble in cold 
ethyl alcohol, from which it crystallises in long, colourless needles 
melting at 95° (Found : Br = 31°0. C, 9H,,0,Br requires Br = 30°9 
per cent.). 

Bromination of  2-Methoxy-3-ethoxybenzaldehyde.—2-Methoxy- 
3-ethoxy benzaldehyde (3 grams), dissolved in cold glacial acetic acid 
(20 c.c.), is treated with bromine (3°0 grams) in 4 c.c. of glacial 
acetic acid. A small amount of heat is evolved, and the tempera- 
ture is maintained at 10—20° for three days, when colourless needles 
separate. The reaction product is diluted with water and the 
precipitate crystallised from ethyl alcohol, when 2°55 grams of 
§-bromo-2-methoxy-3-ethoxybenzaldehyde are obtained in colour- 
less needles melting at 95°. The melting point is unaltered when 
the substance is intimately mixed with the bromomethoxyethoxy- 
benzaldehyde obtained by the methylation of the bromination 
product of 3-ethoxysalicylaldehyde. Moreover, the bromomethoxy- 
ethoxybenzaldehydes formed by both processes give identical 
mononitro-derivatives. 

Nitration of 5-Bromo-2-methoxy-3-ethoxybenzaldehyde.—This sub- 
stance (0°75 gram) is slowly added to nitric acid (25 ¢.c.; d 1°42) 
and complete solution is finally attained by warming to 35°. The 
nitration mixture after standing half an hour is poured into water ; 
the product crystallises from alcohol in very pale yellow needles 
melting at 128° (Found: N = 4:4. C,9H,0;NBr requires N = 4°6 
per cent.). This nitro-aldehyde, when treated with acetone and 
sodium hydroxide in the way described on p. 1585, is rapidly and 
almost completely converted into a magnificently coloured indigotin 
derivative. 


The author has pleasure in acknowledging his indebtedness to 
Professor W. H. Perkin, F.R.S., for a supply of 3-ethoxysalicylalde- 
hyde, and to the Ramsay Memorial Fund. 
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CLXXVIII.—The Ulira-violet Absorption Spectra of 
ELugenol and isoHugenol. 


By GartHa THOMPSON. 


In a paper by Crymble, Stewart, Wright, and Glendinning (T., 1911, 
99, 451), it is stated that ‘‘ of two isomeric substances containing 
two or more double bonds, the compound the molecule of which 
contains the longest chain of conjugations will have the greater 
absorptive power in the region of the spectrum above that in which 
any absorption bands make their appearance.” 


Fia. 1. 
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The method used by these workers was, however, not such as 
to enable a quantitative statement of the absorbing powers to be 
made. The following work was undertaken with the view of 
obtaining figures for this property of eugenol and isoeugenol. 

The apparatus consisted of a Hilger quartz spectrograph, size E, 
(formerly known as size c), a Lewis photometer (T., 1919, 115, 312), 
and a condensed spark between nickel-steel electrodes. 
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In order to study the general absorption, solutions of known 
and approximately N/20 strength of eugenol and isoeugenol were 
made with absolute alcohol, and the effect of absorption by the 
alcohol was eliminated by placing an absorption tube in each of 
the two paths of light, one being filled with the solution and the 
other with the pure solvent. 

The method of taking the spectrograms was that described by 
§. Judd Lewis (Proc. Royal Soc., 1916, [B], 89, 327). The experi- 
ments were done in duplicate and the curve was drawn through the 
mean values. In the main, the agreement was quite satisfactory. 

The results for wave-lengths 4000 to 3320 are shown in Fig. 1, 
where extinction coefficients are plotted against wave-lengths; 
oscillation frequencies corresponding to a few wave-lengths have 
also been added to facilitate comparison with the former work. 


The extinction coefficient is the quantity i. , where J is the 


initial intensity of the light, I’ the intensity after traversing the 
absorbing solution, c the concentration in milligram-molecules per 
litre, and d the length of the tube in centimetres. 

On examining the plates, it was found that the limits of complete 
absorption under the conditions of working were 3200 for eugenol 
and 3300 for tsoeugenol. At the wave-length 3300, isoeugenol has 
therefore the greater absorptive power, as is to be expected from the 
law quoted above. 

When, however, other wave-lengths are considered, it is found 
that the law by no means always holds good, for, as shown in Fig. 1 
and Table I, in the region 4000 to nearly 3300 eugenol and not iso- 


TABLE I. 


Extinction coefficient. Extinction Coefficient. 
Wave- Engenol Wave- Eugenol 
length. Eugenol. isoEugenol. goeugenol length, Euyenol, isoEugenol. isoeugenol- 
*3100 0:06 2-70 0-02 3475 0:0093 0-0024 3°88 
*3300 0-01 0-20 0:05 3500 0-0087 0-0021 4-43 
3325 0-0141 0-0120 1-17 3525 00-0081 0-0019 4-26 
3350 0-0133 0-0066 2-01 3550 0:0075 0-0016 4-69 
3375 0-0122 0-0051 2-39 3575 0-0069 0-0014 4:93 
3400 0-0111 0-0041 2-71 3600 0:0063 0-00125 5-04 
3425 0-0104 0-0033 3-15 3625 0-00575 0-00115 5-00 
3450 00-0098 0-0028 3°50 3650 0-00525 0-0010 5-25 


* The extinction coefficients for these wave-lengths are taken from Fig. 2, 
and those for the region 3325 to 3650 from Fig. 1. As Fig. 1 is on a very 
much larger scale than Fig. 2, the values taken from the former curves are 
much more accurate than those taken from Fig. 2. 


eugenol has the greater absorptive power; it is obvious, therefore, 
that the curves must cross. Since this is so, caution is necessary 
in applying the Crymble, Stewart, Wright, and Glendinning rule; 


1596 THE ULTRA-VIOLET ABSORPTION SPECTRA OF EUGENOL, FTC, 


in the case of eugenol and isoeugenol, it applies only at wave-lengths 
between 3320 and 2380, but does not do so in the other regions of the 
spectrum studied, although these are even more remote from the 
region of selective absorption than that considered by the former 


workers. 
Fic. 2. 
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The bands were also photographed, with the results shown in 
Fig. 2 and Table II. In order to obtain these, very much weaker 


TABLE II, 


Eugenol. tsoEugenol. 


Crymble & Present Crymble & Present 
co-workers. work. co-workers. work. 


Wave-length of head of band. 2830 2820 ? 2610 
Wave-length of foot of band. 2520 2530 2400 2370 
solutions were necessary ; concentrations of approximately 0°0005N 
being required in the case of eugenol and 0:00005N in the case of 
isoeugenol. 
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The absorption is in the main very much greater for isoeugenol 
than for eugenol; this is particularly noticeable in the region of 
selective absorption. 

As shown in Fig. 2, the curves cross at wave-lengths 3320 and 2380 
and therefore at both ends of the spectrum eugenol has the greater 
absorptive power. 

The density of the eugenol and isoeugenol was d}% 10746 and 
10897, respectively. The figures were obtained after the samples 
had been distilled under reduced pressure; both substances were 
nearly colourless. Water was proved to be absent by means of 
anhydrous copper sulphate. 


Summary. 


The absorptive powers in terms of extinction coefficients have 
been found for eugenol and isoeugenol in the region 4000 to 2300, 
and the ratio of these powers has been calculated over the region 
3100 to 3650. 

It has been shown that the rule connecting absorptive power 
and number of conjugations may be reversed in certain portions 
of the spectrum, although these portions may be far removed from 
those in which selective absorption occurs. 

The selective absorption of these compounds has also been studied 
and the effect of the number of conjugations has been found to be 
particularly great in this region. 


5, INTERNATIONAL MANSIONS, 
HicH STREET, Ruesy. [Received, April 16th, 1923.] 


CLXXIX.—The Properties of some Silver Organosols. 


By Jonwn KENNETH GILES and Cyrim SEBasTian SALmon. 


CoMPARATIVELY little is known about the stability and constitution 
of colloidal solutions in non-aqueous dispersion media. This is due 
largely to the fact that so many of the systems studied have been 
of unknown chemical constitution, and that where more simple 
systems such as metallic alcosols have been investigated sufficient 
attention has not been directed to the conditions obtaining during 
the formation of the sol. In most cases, quite large quantities of 
unknown impurities have been present. 

The stability of hydrosols has been shown to be due either to 
some process analogous to ionisation (the proteins, soaps, etc.), to 
the adsorption of ions from an electrolyte present in the system 
(Lottermoser’s silver halide sols), or to some process which may 
be considered intermediate between the two. The investigation 
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described in this communication is an attempt to determine how 
far the stability of silver organosols is due to such phenomena. 

Silver sols in alcohol have been investigated to a considerable 
extent. The method of preparation most frequently used has been 
the arc dispersion method, the presence of reagents necessary for a 
reduction method thus being avoided. On the other hand, a certain 
amount of decomposition of the medium is inevitable. Carbon and 
tarry impurities which have an unknown effect on the stability of 
the sol are always produced, sometimes in considerable quantities, 
Svedberg (‘‘ Formation of Colloids,” p. 25) has carried out an 
extensive investigation of this method. According to one arrange. 
ment of his, the are was protected by enclosing it in a small quartz 
tube, the silver vaporised in the arc being carried in a stream of 
nitrogen into the alcohol which surrounded the tube. The decom. 
position of the medium was undoubtedly reduced by this device; 
but a new impurity was introduced, silica from the protecting tube 
being vaporised by the arc and carried into the dispersion medium, 
As much as 40 per cent. of the disperse phase in one dispersion 
was silica. Another impurity probably present was rubber. The 
quartz tube was held in position by rubber tubing. Some rubber 
from this was almost certainly extracted by the alcohol or other 
solvent, such having been found to be the case during preliminary 
experiments in this investigation. 

Silver alcosols have been obtained by other methods giving purer 
products, still, however, containing unknown impurities. Thus 
Svedberg (op. cit., p. 80; Kolloid Z., 1910, 6, 129) has obtained 
silver alcosols by electrolysis and with the use of X-rays. WNor- 
denson (Kolloid Z., 1911, 7, 91) has shown that in all these cases 
an intermediate compound is formed between the silver and the 
alcohol. The sol therefore always contains this unknown compound. 

Burton (‘‘ Physical Properties of Colloidal Solutions,” p. 148) 
prepared sols of various metals in alcohol and ethyl malonate, using 
the arc dispersion method. His sols were probably rather impure. 

From the work of these investigators it appears probable that 
stable silver sols cannot be prepared in the pure state, and that, 
as in hydrosols, the presence of some stabilising agent is essential. 

The first object of the investigations here recorded was to deter- 
mine the nature and concentration of the stabilising agents necessary 
to give stable sols. Before doing so, in view of the nature of the 
apparatus used by Svedberg, it was thought advisable to confirm 
Burton’s results as to the instability of pure silver alcosols. 

The apparatus used, shown in the figure, is a modification of 
Svedberg’s enclosed arc apparatus. In this case, neither the arc 
nor the alcohol comes into contact with anything but silver. Two 
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silver tubes are soldered together, one in front of the other in the 
form of a cross, their interiors communicating through a small 
hole. This cross was soldered to a cylindrical cooling jacket as 
shown. ‘Two brass T-pieces fit tightly in the ends of the horizontal 
silver tube. Glass tubes carrying silver wires are fixed inside these 
T-pieces by rubber bungs. The vertical silver tube is fitted at 
the bottom with a brass tap, silvered inside, and at the top with 
an ordinary cork and outlet tube. The nitrogen is led in at the 
side tubes of the brass T-pieces, passes through the small hole in 
the two silver tubes, carrying the silver vapour with it, and bubbles 
up through the alcohol, which is placed in the vertical silver tube. 


Fie. 1. 
No 


Te 


2 


The arc was operated by hand; about 6 amperes and 60 volts 
were used. 

Having been prepared in this apparatus, the sol was run out into 
a specially cleaned test-tube, and observations of its stability were 
made for about a week. A large number of sols were prepared 
with absolute alcohol, aqueous alcohol, and alcohol containing 
various slight additions as dispersion media. 

In absolute alcohol, no stable sols were obtained, Burton’s 
results thus being confirmed. The addition of about 15 per cent. 
of water before dispersion resulted in practically every case in the 
production of a stable sol. It is impossible to ascertain with 
greater accuracy the concentration of water necessary to confer 
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stability, since it is extremely difficult to distinguish between a 
slowly settling precipitate and a moderately stable sol. The 
criterion of stability employed was the absence of sedimentation 
after two days. Stability also depends on other uncontrollable 
conditions, for example, concentration. The percentage of water 
is quite large and the mechanism causing stability is probably the 
same as in ordinary aqueous sols and is ionic in nature. 

In water as solvent, the most efficient stabilising ions are the 
hydrogen- and the hydroxyl-ion. The effect of small additions of 
acid or alkali was therefore investigated. Caustic soda, aniline, 
chloroacetic acid, and stearic acid were added in small amounts 
and found to have no effect. Svedberg states (Nova Acta Soc. 
Sci., 1907, 2, No. 1) that sols of such metals as silver in alcohol 
can be stabilised by the addition of bromobenzene. The addition 
of 0°8 per cent. of this compound was found to have no stabilising 
effect on sols prepared in this apparatus. The stabilising effect 
obtained by Svedberg was probably due to decomposition of the 
bromobenzene, some compound of silver being formed. 

From this it appears that the ions most effective in stabilising 
aqueous colloids have no corresponding effect in alcohol; also, 
that the effect attributed to bromobenzene is not real. On the 
other hand, in preliminary experiments it was found that when the 
solvent came in contact with rubber stoppers or tubing, stable 


sols resulted. This effect was quite definitely shown to be due to 
the presence of rubber, thus proving that these sols can be protected 
by even small quantities of colloids of the emulsoid type. 


Silver Sols in Stearic Acid. 


As a result of the preparation of certain sols by the are method 
Burton (op. cit., p. 151) considered that only substances containing 
a mobile hydrogen atom could give stable sols of such metals as 
silver. He suggested using organic acids, but did not carry the 
investigation any further. Assuming his view to be correct, it 
appeared to the authors that the most convenient substance to 
use would be an acid of high molecular weight. An attempt was 
therefore made to prepare silver sols in stearic acid. The apparatus 
already described was not found convenient for this purpose. If 
a sol of silver in stearic acid can exist, it should be formed by 
reduction of silver stearate in stearic acid with hydrogen—an 
extension of Kohlschiitter’s method of preparing silver hydrosols. 
This method is superior to an are dispersion method, as decom- 
position of the medium is prevented. 

Preliminary experiments using silver oxide in place of silver 
stearate indicated that a sol was formed. Reduction took place 
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sowly at 100° and rapidly at 180°, a red liquid being formed in 
each case. Ultramicroscopic examination of this red substance 
showed the presence of a large number of fine particles. In all 
subsequent work, silver stearate was used. It was prepared from 
silver nitrate and stearic acid by double decomposition in alcoholic 
solution. In the latter part of the work, ammoniacal silver nitrate 
was used. The percentage of silver in the silver stearate was found 
to be 27°50, compared with a calculated value of 27°58. 

When prepared from pure stearic acid, silver stearate is colour- 
less and stable to light. Impure stearic acid gives a product 
which rapidly turns violet on exposure to light. Below 100°, 
silver stearate is almost insoluble in stearic acid. Above 100°, 
the solubility increases rapidly; thus, at 83° and at 180°, the solu- 
bility is about 0°005 per cent. and about 50 per cent., respectively. 


Reduction with Hydrogen. 


When hydrogen was passed through a solution of silver stearate 
in stearic acid at 180°, the solution rapidly turned dark red with 
a beautiful purple or blue sheen, and also began to froth. After 
hydrogen had been passed for some time, the colour of the sol 
changed from red to dirty mustard colour and finally became 
grey. This grey mixture settled completely when the current of 
hydrogen was stopped. 

It seemed probable that the sol of silver in stearic acid is 
stabilised by silver stearate, and becomes unstable when the last 
trace of this is reduced. To test the accuracy of this hypothesis, 
analyses were made to determine the course of the reduction. 
Portions of the sol were removed at intervals and weighed, the 
stearic acid was extracted with hot absolute alcohol, and the 
mixture of silver stearate and silver weighed in a Gooch crucible. 
The total silver was then estimated by solution in nitric acid and 
titration with ammonium thiocyanate. When silver stearate is 
dissolved in stearic acid at 180°, the solution turns somewhat 
orange. It was thought that this might indicate some decom- 
position of the silver stearate, but an analysis of such a solution 
showed the presence of 99°5 per cent. of the quantity of silver 
stearate dissolved, and therefore very little decomposition had 
taken place. 

The results of one reduction experiment are as follow : 

Stearic acid, 40 grams ; silver stearate, 2 grams ; temperature 180°. 
Time (hours) 10 16 23-5 
% Ag reduced 86-2 91-2 100 

After twenty-three hours, a change was observed in the sol; the 
colour was grey and frothing had ceased. After twenty-four hours, 
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the stearic acid, when solidified, was as white as the original stearic 
acid. These results indicate that a very small amount of silver 
stearate is sufficient to stabilise the sol, but that this small amount 
is essential. Very much more concentrated sols than this can be 
obtained. One was prepared which contained 10 per cent. of free 
silver. 

Electrical Condition of the Particles. 

As there now seemed no doubt that the red mixture did consist 
of a silver sol in stearic acid, experiments were made to determine 
if the particles were electrically charged and, if so, the sign of the 
charge. Four cataphoresis experiments were carried out at about 
80°. Only slight and variable changes in the level of the sol were 
observed. In order to increase any slight effect that might have 
been produced, a much smaller U-tube was then used, the distance 
between the electrodes being only6cm. This again gave a negative 
result. 

As no motion was observed in the cataphoresis experiments, an 
attempt was now made to find if the medium and the sol would 
conduct at all. It was found at once that the conductivity was | 
far too low to be measured by the method ordinarily used for 
aqueous solutions. A direct-current method employing a mirror 
galvanometer was therefore used. With an E.M.F. of 200 volts, 
measurable although very small deflections were obtained. The 
specific conductivities of pure stearic acid, of a solution of silver 
stearate in stearic acid, and of the sol were measured and found 
to be of the same order, about 2 x 10-7" rec. ohm. 

Edser (‘‘ Fourth Report on Colloid Chem.,” p. 313) examined 
two colloidal solutions in non-conducting media, rust in paraffin 
and stannic oxide in toluene, and observed no cataphoresis. He 
assumed, therefore, that the particles were uncharged. This does 
not necessarily follow. According to Helmholtz (Memoir of the 
London Physical Soc., 1888), cataphoresis and endosmosis can 
only occur in a liquid which conducts electricity. If charged par- 
ticles, suspended in an insulating medium, are subjected to an 
electric field, a displacement of the components of the double 
electric layer will take place; but it will stop at a point where the 
attraction by the external field is balanced by the attraction 
between the two layers themselves. The fact therefore that a sol 
does not show cataphoresis does not prove the absence of an electric 
charge. If the two electrically charged layers are perfectly sym- 
metrical, no displacement at all will take place when the electric 
field is applied. It is also possible that a double electric layer 
might be formed, the two charges residing in the extremities of a | 
polar molecule such as silver stearate. Conductivity determin- 
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ations, on the other hand, show definitely that if there is any charge 
it is not due to the adsorption of ions and therefore that the 
stabilising effect of silver stearate is not similar to that of ferric 
chloride on a ferric hydroxide sol. 


Surface Tension and Viscosity. 


As previously mentioned, it was noticed that when a mixture 
of stearic acid and silver stearate was being reduced with hydrogen, 
after about five minutes or less a froth of very stable bubbles was 
formed. This frothing continued until all the silver stearate had 
been reduced and the sol became unstable. It therefore seemed 
probable that the silver stearate lowered the surface tension of the 
stearic acid. Measurements of surface tension were made and it 
was hoped that if the effect was sufficiently great the surface tension 
might be measured from time to time during a reduction, and the 
relation between composition, surface tension, and the stability of 
the sol investigated. At the same time, it was thought of interest 
to see if the viscosity of the stearic acid was affected by the presence 
of silver stearate or silver sol. 

The surface tension was determined by the rise in a capillary 
tube at 138°, this temperature being maintained by means of 


boiling xylene. The results obtained were : 


Surface 
tension. Density. 


Stearic acid 0-8019 
Stearic acid + 2% silver stearate 6 0-8070 
Silver sol in stearic acid , (0-8070) 

These results show that the presence of 2 per cent. of silver 
stearate does not appreciably lower the surface tension of stearic 
acid. No accurate value could be obtained for the sol, owing 
possibly to the silver being deposited in the capillary tube. A 
considerable lowering, however, was observed. 

The viscosity determinations were made in an ordinary Ostwald 
viscometer, heated in a bath of the vapour of boiling xylene. The 
reading for pure stearic acid was first taken and then silver stearate 
was added tg give a 2 per cent. solution. Readings were taken for 
this solution, which was then reduced in the viscometer with a current 
of hydrogen, and the time of flow of the sol noted. The following 


results were obtained : 
Time of flow 
Temperature 138°. (mins. ). Density. td. 
Stearic acid 0-8019 144-0 
2% silver stearate 0-8070 147-7 
Silver sol 179-0 (0-8070) 144-4 


It will be observed that ¢ d, which is proportional to the viscosity, 
is slightly increased by the addition of 2 per cent. of silver stearate, 


1604 GILES AND SALMON: 


This increase, about 3 per cent., is more comparable with the 
increase produced by crystalloids than by colloids such as soap 
in water. The silver sol is seen to have practically the same 
viscosity as the pure medium. 


Stability of the Silver—Stearic Acid Sol to Change of Solvent. 


The behaviour of the sol when its dispersion medium was changed 
from stearic acid to a solution of stearic acid in various solvents 
was investigated. The following results were obtained when 
approximately equal weights of the sol were dissolved in the same 
volume of the solvents : 


Solvent. 
Quite stable. 


Stable. A slight black deposit gradually 
formed. Stability greater than 14 days. 


Fairly stable. Settled completely in a 
week. Black ppt. 
Settled completely in 1 day. Black ppt. 
Ethyl alcohol Settled in a few minutes. Black ppt. 
Amy] alcohol Settled in 1 day. Red ppt. 
Deep red sol. Very opaque and stable. 
Slight black deposit after 10 days. This 
sol was found to be negatively charged. 
Acetone The sol at first appeared quite unstable and 
a black deposit formed. After about 
4 hours, this coagulation stopped and 
the remaining sol became quite stable, 
It was found to be negatively charged. 
Unstable. The sol settled completely in 
l day. The ppt. was white. 


These results are discussed in the conclusion. 


Coagulation. 


The sol coagulated when heated strongly with sodium chloride. 
Sodium sulphate had no such coagulating effect. This seemed to 
suggest that the precipitation was due to a reaction between the 
salt and the silver stearate giving silver chloride and sodium 
stearate. Hydrogen chloride gas was found to coagulate the sol 
much more quickly and at a lower temperature than sodium 
chloride. Analyses of the sol before and after coagulation indicated 
that the hydrogen chloride rapidly attacked first the silver stearate 
and then, gradually, the free silver. It also quickly coagulated a 
solution of the sol in benzene at room temperature. 


Silver Sols in other Dispersion Media. 


The method of preparing a colloidal solution of silver in an 
acid which proved successful in the case of stearic acid was tried 


THE PROPERTIES OF SOME SILVER ORGANOSOLS. 1605 


with other fatty acids in order to find out what effect variation 
in the length of the carbon chain has on the stability of the 
sol. 

Acetic Acid.—Special care was taken to dry the acetic acid. 
After being purified by partial solidification, it was heated for 
some time with a few drops of acetic anhydride and distilled 
directly into a flask containing silver acetate. A current of hydro- 
gen was then bubbled through the mixture. Reduction took place 
gradually at 80°. A brown stain was formed on the glass, and a 
coarse suspension in the liquid. It was observed that sols could 
be formed, although they were not stable, by heating acetic acid 
with silver acetate; the mixture, which was colourless initially, 
became yellow, then reddish-brown, and finally green. At what- 
ever stage the action was stopped the sol rapidly coagulated. 

Valeric, n-Octoic, Lauric, Palmitic, and Margaric Acids.—The 
silver salts of these acids were prepared by the action of an am- 
moniacal solution of silver nitrate on an alcoholic solution of the 
acid (Found: Ag = 51°81; 42-92; 35-14; 29-2; 28-4 per cent. 
for the respective silver salts in the order given above). 

In each case, a current of hydrogen was passed through a mixture 
of the acid with a small quantity of the silver salt heated at 100°; 
a reddish-brown sol was formed, most rapidly in the case of valeric 
acid. When an intensely coloured sol had been formed (two 
minutes for valeric, ten minutes for n-octoic, thirty to sixty minutes 
for the other acids), the current of hydrogen was stopped and the 
sol kept at 100° for observation of stability. The sol in valeric 
acid showed definite signs of coagulation in five minutes and was 
completely coagulated in about ten minutes. In the case of 
n-octoic acid, the first signs of coagulation appeared in ten minutes, 
and it was complete after twenty-five minutes. The sols in lauric, 
palmitic, and margaric acids were quite stable and showed no 
signs of coagulation. Frothing was observed during the production 
of each of the sols as in the case of stearic acid. 

It was desired to find the effect of substituting a phenyl group 
for the fatty hydrocarbon chain. A suspension of silver benzoate 
in benzene was therefore treated with hydrogen, benzoic acid not 
being suitable as a dispersion medium. A red sol was formed. It 
coagulated, however, completely in about an hour. 

The effect of the presence of two carboxy] groups was investigated 
in the case of sebacic acid. No sign of sol formation was observed. 


Conclusion. 


From a consideration of previous work on this subject and of 
the results of this research, it seems that, as a rule, a stable organo- 
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sol can be formed only when there is present, besides the dispersion 
medium and the disperse phase, a polar compound containing 
radicles similar to those in each of the two phases. 

First with regard to alcohol: stable alcosols of zinc, tin, and 
lead have been prepared by Burton (op. cit., p. 147), but he could 
not obtain stable alcosols of silver, gold, or platinum. It seems 
probable that the positive metals form ethoxides or hydroxyeth- 
oxides, whereas the noble metals do not. Again, in both cases in 
which purer silver alcosols have been prepared—by electrolysis 
and by illumination of a silver plate in alcohol by ultra-violet 
light—it has been shown, as already mentioned, that some silver 
compound is formed. 

With regard to silver and stearic acid, the case is quite clear, 
At one time, the authors were of opinion that in dispersion media 
in which. the molecules were long chains adsorption of these mole- 
cules stabilised the sol, no intermediate substance being present. 
But this is evidently not the case. The presence of a little silver 
stearate is essential to the production of a stable sol, whilst on its 
removal the sol becomes quite unstable. This behaviour is com- 
parable in some respects with that of ferric hydroxide hydrosols, 
for the stability of which a small quantity of a ferric salt is necessary. 
In this case, the stability is definitely an ionic effect. The colloidal 
complexes acquire a positive charge, whilst the corresponding 
negative chlorine ions remain free in the liquid. Conductivity 
determinations show conclusively that this cannot be the case 
with the silver-stearic acid sol, and it becomes necessary to postulate 
a non-ionic mechanism of the stabilising action of silver stearate. 
The most probable explanation is adsorption by the metallic silver 
particles and consequent lowering of the surface tension between 
them and the dispersion medium. The work of Langmuir, Harkins, 
and others has shown that, at interfaces, polar molecules of the 
type of stearic acid tend to arrange themselves so that the ends 
of the molecule are directed towards the phase they more strongly 
resemble. In the case under consideration, the silver atom would 
be attached to the colloidal silver particle, whilst the hydrocarbon 
chain would be extended into the stearic acid. This arrangement 
would considerably decrease the tendency towards coagulation; 
each silver particle, being covered with a layer of fatty acid, would 
behave as a large (associated) stearic acid molecule. 

It appears to be an established fact (“ Fourth Report on Colloid 
Chemistry,” p. 49) that molecular attraction extends to a consider- 
able distance and that it is not only the contiguous molecule or 
atom that is affected. We should expect, therefore, that the 
stability of an organosol of the type silver-AgX~dispersion medium 
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yould be dependent on (i) the similarity between X and the 
dispersion medium, and (ii) the length of the X group. 

(i) The results recording the effect of change of medium on the 
dability of the silver-stearic acid sol illustrate the importance of 
this factor. Paraffin wax gave the most stable sol. Ligroin and 
jexane, which still resemble the radicle C,,H,, quite closely, gave 
wis nearly as stable. Of the remainder, benzene gave a fairly 
stable sol, and ethyl alcohol, amyl alcohol, and ethyl ether did 
not give stable sols. In the cases of acetone and amyl acetate, 
jnic complications arose and stable, negatively charged sols 
resulted. 

(ii) The effect of this factor is seen in the different stabilities of 
the sol in various fatty acids. In acetic acid, very transitory sols 
mly were formed. In valeric and n-octoic acids, sols were formed 
vhich quickly coagulated. In lauric, palmitic, margaric, and 
stearic acids, stable sols were formed. Benzene and silver benzoate 
gave a sol the stability of which was intermediate between those 
of the n-octoic and the lauric acid sols. 

It is impossible to say definitely whether in these solutions the 
silver salts are molecularly dispersed or are present in the colloidal 
state. They apparently show a definite solubility, which is a 
characteristic of true solutions, but, on the other hand, concen- 
trated solutions show a tendency to gel on cooling. Very possibly 
wls are only formed when the solubility of the silver salt is suddenly 
rduced by cooling. The stabilising action of the salts runs parallel 
vith the molecular weight and therefore with the tendency to form 
colloidal solutions, but in the very small concentration necessary 
for stability it is probable that they are present as crystalloids as 
in the case of aqueous soap solutions. 

It is interesting to consider one case of protection in the light 
of this hypothesis. Very stable silver, gold, and platinum organo- 
sols can be made by a method described by Amberger (Kolloid Z., 
1915, 44, 97, 100). A concentrated solution of silver nitrate is mixed 
with lanoline, and caustic soda added. The mass is left exposed 
to daylight for some time, when it will dissolve in an organic 
solvent to give a silver organosol. Lanoline consists chiefly of 
cholesterol, C.,H,,-OH, a complex alcohol containing a terpene 
ting and the group >C = CH,; on oxidation, this yields various 
complex acids. In the preparation of the sol, the silver salts of 
these acids are formed by the oxidising action of silver oxide. 
They are then adsorbed by the free silver which is also produced, 
the great length of the hydrocarbon residue making it a very 
eficient stabilising agent. A very large number of protective 
agents are acids of high molecular weight, for example, the proteins 
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and their decomposition product, lysalbic acid, so that a great 
many protective actions may have a similar explanation. Further 
investigations on this point are in progress, in the course of which 
it is proposed to study the formation of silver sols in glycerol in 
the presence of silver mannonate, which, according to the hypothesis 
outlined above, should be an effective stabilising agent. 
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CLXXX.—The Freezing-point Curve for Mixtures of 
Potassium Nitrate and Sodium Nitrate. 


By Henry Vincent Arrp BRISCOE and WALTER MATTHEW 
ManGIN. 


THE earliest systematic investigation of the freezing points of 
mixtures of sodium nitrate and potassium nitrate appears to be 
that of Schaffgotsch (Pogg. Ann., 1857, 102, 293; Jahresber., 
1857, 19); later, Carveth (J. Physical Chem., 1898, 2, 209) examined 
the ternary system comprising the nitrates of sodium, potassium, 
and silver and incidentally redetermined the freezing-point curve 
for the binary mixtures now under consideration. Both sets of 
data are plotted in Fig. 1; and it will be observed that the curves 
obtained by joining the points of each set are fairly smooth curves 
of similar form. 

Nevertheless, Schaffgotsch and Carveth agreed in assuming that 
their results should be represented by nearly straight lines drawn 
among the points on either side and meeting in a eutectic point, and 
that the eutectic mixture consisted of practically pure sodium 
nitrate and potassium nitrate. 

Hissink, in the course of a general study of mixed crystals (Z. 
physikal. Chem., 1900, 32, 537), using the vacuum filtration method 
of Van Eyk (ibid., 1899, 30, 432), separated and analysed the 
solid in equilibrium with certain liquid mixtures of sodium and 
potassium nitrates. His results, recalculated to a weight-percentage 
basis, indicate that solids a’, b’, c’, d’, containing, respectively, 
28°4, 90°8, 23:6, and 89°3 per cent. of potassium nitrate, are in 
equilibrium with liquids a, b, c, d, containing, respectively, 43°3, 
64:25, 44°5, and 66°45 per cent. of potassium nitrate: these points 
are plotted in Fig. 1. 

Hissink, accepting the views of Schaffgotsch and Carveth as to 
the nature of the freezing-point curve, concluded that the eutectic 
mixture consisted of two kinds of solid solutions of the limiting | 
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ympositions 12 per cent. NaNO, and 20 per cent. KNO,;, determined 
proximately by projecting rectilinear solidus curves from A and 
B (Fig. 1) through the points 6’, d’ and a’, c’ upon the eutectic 
temperature line. 

It is remarkable that, although sodium nitrate crystallises in the 
thombohedral system, in which all the other alkali nitrates, thallous 
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titrate, and silver nitrate also crystallise, no case has hitherto 
been known in which sodium nitrate forms a complete series of solid 
solutions with any one of the other nitrates. Attention has recently 
been directed to this anomaly by Early and Lowry (T., 1922, 121, 
967). 

The experimental work described in the present communication 
§ affords evidence that the nitrates of sodium and potassium do, in 
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fact, form a continuous series of solid solutions at all temperature; 
above 130°, the transition point of potassium nitrate. 


EXPERIMENTAL 


The freezing points of a series of synthetic mixtures of pure sodium 
nitrate and potassium nitrate were determined by the cooling curve 
method. Purification of the salts was effected by six successive 
recrystallisations from pure water, the mother-liquor in each crystal 
lisation being removed as completely as possible by suction. Before 
weighing, the salts were powdered and dried at 120° for at least 
three hours; it seems reasonable to assume that any residua 
impurity could have had no effect on subsequent measurements, 

For the measurements of Series I and II the heater used was made 
by winding two layers of wet asbestos paper on the lower 12 cm. ofa 
3 cm. diameter Jena-glass test-tube, winding 10 metres of No. 28 
B. & S. nichrome wire spirally over this, and insulating the whole 
with three thicknesses of wet }-inch asbestos millboard. On drying, 
first at atmospheric temperature and finally by passing a small 
current through the winding, the heater was so consolidated that 
the test-tube could be removed and reinserted as desired. The 
heater used for Series III and IV was similar, save that the melt 
was contained in an inner tube separated from the heater tube by 
an annular air-space. 

As a moderate degree of accuracy only was sought, temperatures 
were determined with a mercury-in-glass thermometer, nitrogen 
filled, having a range of —10° to 400° and graduated in degrees. 
This was calibrated (1) by direct comparison with standard, nitrogen- 
filled, mercury thermometers which had themselves been twice 
calibrated by the Reichsanstalt, using baths of water, vaselin, and 
Rose’s fusible metal, and (2), more accurately, by using it to 
determine the apparent boiling points of pure water, aniline, nitro- 
benzene, bromonaphthalene, and benzophenone, the thermometer 
being, of course, completely immersed in the vapour. 

The correction for the exposed stem could not well be determined 
by the ordinary method using a single secondary thermometer, 
because clearly that part of the stem within the test-tube was ata 
much higher temperature than and had a different temperature 
gradient from the part exposed to air outside the test-tube. Two 
secondary thermometers were therefore employed, placed three- 
quarters of the way down the enclosed and the exposed portion of the 
stem respectively, and the correction, s, was calculated separately 
for each part of the stem. According to the usual expression, 
8 = an (T' — t), where a is the coefficient of expansion of mercury 
in glass, x is the number of degrees of exposed stem, 7' is the 
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temperature registered, and ¢ is the mean temperature of the 
exposed stem indicated by the secondary thermometer. There is 
some doubt as to the best value of a, but in the present work that 
of Thorpe (T., 1880, 37, 160), a = 0°000143, is used. It seems 
probable that the correction thus determined is not in error by more 
than the error of reading, which does not exceed 0°2°. 

The freezing point of each pure substance or mixture was deter- 
mined by fusing about 20—30 grams in the apparatus above 
described, clamping the thermometer excentrically in the tube, with 
the bulb and a few millimetres of the stem immersed in the melt, 
and reducing the heating current until the temperature of the bath 
fell slowly, the melt being meanwhile stirred by rotating the tube. 
Readings of time and temperature were then taken which, when 
plotted, permitted an accurate location of the temperature at which 
cooling was arrested. It was found that observation of the temper- 
ature at which rotation of the tube was no longer possible gave a 
sharp determination of the setting point, in agreement with that 
deduced from the cooling curve. 

The freezing point of one of the pure salts having been thus 
determined, successive weighed portions of the other were added and 
the freezing point similarly determined after each addition. 

Attempts to secure check determinations by the heating curve 
method were attended by the usual difficulty that the arrest points 
were ill-defined, and were abandoned because, with pure potassium 
nitrate or any mixture containing more than about 30 per cent. of 
this salt, the tube invariably cracked at about 130°. This is 
probably due to the transition from the orthorhombic to the rhombo- 
hedral modification which occurs at 129° (Wallerant, Compt. rend., 
1905, 130, 264) with a pronounced crackling noise and a considerable 
increase in volume. At the same time, it is not very clear why the 
converse transition, which takes place on cooling, does not by 
shrinkage create a space sufficient to permit the expansion on 
heating. 

In the freezing-point determination any difficulty from this cause 
was avoided by remelting the contents of the tube before they had 
cooled to 130°, removing the thermometer, and inclining the tube 
so that the melt nowhere occupied the full diameter and so was free 
to expand when remelted. 

Four series of determinations were made. Series I and III began 
with pure potassium nitrate, Series II with pure sodium nitrate, 
and Series IV with a mixture containing 71 per cent. of sodium 
nitrate; and each was carried well past the minimum point. The 
whole of the data, including the actual calibration and exposed 
stem corrections, are given in Table I and the corrected freezing 
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TABLE I. 


Experimental Data for Freezing Points of Mixtures of Sodium 
Nitrate and Potassium Nitrate. 


Corrections. 
» & 


Observed Cali- Exposed Corrected 
% KNO;. % NaNOQO,. m. p. bration. stem. Total. m. p. 


Series I. 
100°0 
90-8 
77-6 
68-5 
65-0 
59-1 
56-1 
55-7 
54-8 
53°5 
52-7 
51-2 
50-1 
49-4 
Series II. 
57-2 . 221-6 
56-4 : 221-1 
55-25 : 220-9 
53-8 . 220-5 
52-9 . 220-8 
50-8 : 221-5 
50-0 ° 222-4 
49-1 . 223-0 
47-2 . 224-7 
45-1 5 227-1 
32-7 . 248-5 
18-1 : 273-2 
0-0 . 298-5 
Series III. 
100-0 
85-0 
75-0 
63-0 
60-0 
57-75 
55-3 
54-7 
53°7 
52-9 
52-2 
48-6 
43-7 
38-0 
31-2 
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66-9 
59-5 
56-0 
53-7 
52-1 
50-8 
48-0 
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points are plotted in Fig. 2, the upper part of which shows on a 
larger scale the curve in the region of the minimum below the 
dotted horizontal line. 

From the continuity of the freezing-point curve, the existence of 
a complete series of solid solutions is to be inferred, and as this 
inference is in sharp opposition to the views hitherto held, experi- 
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ments were made to ascertain the composition of the solid phase in 
equilibrium with molten mixtures the composition of which differed 
slightly in either direction from that of the mixture of minimum 
freezing point. Here the chief difficulty is to secure a slow deposition 
of solid in true equilibrium with the melt and to separate it from the 
mother-liquor. Whilst a number of methods have been fully 
described for the separation of solids from solutions with which 
VOL. CXXIII. 31 
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they are in equilibrium, little information has been found in the 
literature as to methods whereby the solid phase can be separated 
from molten salts. The following plan was therefore adopted. 

The apparatus, shown in Fig. 3, comprised a tall narrow beaker, 
A, surrounded by a winding of No. 28 B. & S. nichrome wire which 
was held, and spaced clear from the walls of the beaker, by asbestos 
millboard strips B, A being supported in a larger beaker, C’, by an 
asbestos pad, D, and a collar of asbestos rope, H. The vessel A 

was fitted with a double lid, F, of 

Fic. 3. asbestos millboard packed with 

i woolly asbestos, through which 

J passed a thermometer, 7';, and a 
l-inch test-tube, G, closed by a cork 

~ carrying a second thermometer, 7, 
and two tubes, H and J, designed to 
cause circulation of cool air through 
G. The tube J was held in a clamp, 
thus supporting G in any desired 
position. By adjustment of external 
resistance in the heating circuit, the 
apparatus could be held at any 
desired temperature up to about 300° 
or allowed to cool at any desired 
rate, whilst the contents could be 


light. 

In conducting an _ experiment, 
about 250 grams of the mixture 
under investigation were melted in a 
porcelain dish over a free flame while 
the apparatus was heated electrically 
to a temperature some 20—30° above 
the freezing point of the mixture. 
Then the melt was poured into A 
and the lid F replaced with the tube 
G immersed some 5 cm. in the melt. 

The apparatus was cooled to within one or two degrees of the 
freezing point and then the rate of cooling was adjusted to about 
0:05° per minute until a fine ring of crystals appeared on G, after 
which the rate of cooling was still further reduced. 

After about an hour, the ring of crystals on G had grown and 
a second ring had formed on the walls of the beaker A at the free 
surface of the melt, the total quantity of solid thus deposited being 
about 2—4 grams. The tube G was then raised about 3 cm., and 
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its withdrawal lowered the surface of the liquid in the beaker by 
some 1°5 cm., so that the crystals, both on the tube and on the 
beaker, drained at a temperature practically that of the melt. A 
second crop of crystals was grown with the tube in its new position, 
and these in turn were similarly drained by raising the tube again. 
It was observed that the mass of crystals, before withdrawal from 
the liquid, was fairly solid and therefore could scarcely have retained 
after drainage any very large proportion of included mother-liquor. 

The tube G having been removed, with its adherent samples of 
the solid phase, samples of the melt were drawn into previously 
heated glass tubes, in which they afterwards solidified. A second 
sample of the melt was obtained by crushing the whole mass of solid 
which remained in A on cooling. 

Two series of crystallisations, A and B, were made as above 
described, starting with mixtures made up to contain approximately 
50 per cent. and 58 per cent. of potassium nitrate, respectively. 
Determinations of potash in the various samples were made gravi- 
metrically by the perchlorate method, and the results, calculated 
as KNO,, are given in Table II. 


TABLE II. 
Composition of Liquid and Solid Phases in Equilibrium in Fused 
Mixtures of Sodium and Potassium Nitrates. 
Found Mean 
Series A. % KNO,. % KNO,. 
j 1. Sampled in tubes 50-14; 50-25) 50-12 
. Sample from bulk 50-01; 50-09f 9°" 


. Upper ring on tube 48-51; 48-90 | 
. Lower ring on tube 49-07; 48-62 
. Upper ring on beaker 48:15; 47-54 
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Discussion of Results. 


Whilst the freezing point data here presented have no claim to 
any unusually high degree of absolute accuracy, they would appear 
to constitute a consistent series of observations which merit con- 
fidence as a means of determining the form of the freezing-point 
curve. Curves deduced independently from the four series of 
measurements are practically coincident in the region of the minimum 
although the errors of weighing are, in this case, additive, and 

312 


‘1616 SRIsCOk AND MADGIN: THE FREEZING-POINT CURVE FoR 


evidently increase toward the end of each series. For this reason, 
it is the more significant that all four series agree in showing in the 
region of the minimum a continuous curve of substantially the same 
form. 

It is evident that this continuity of the curve is entirely incom. 
patible with the view hitherto held that sodium nitrate and potassium 
nitrate are immiscible, or of limited miscibility, in the solid state, and 
form a eutectic mixture: it indicates, on the contrary, that the 
salts form a complete series of solid solutions. A comparison of 
Figs. 1 and 2 shows that the data now reported are not in serious 
disagreement with the corresponding data in the earlier work. 
The nature of the curve has been misunderstood previously, because 
the points determined were too few to fix it precisely in the region J 
near the minimum, where the curvature changes rapidly, and because 
the earlier workers evidently assumed that curves so nearly straight 
and tending together at such an angle as in this case would necessarily 
meet in a eutectic point; otherwise it is difficult to account for their 
disregard of the obvious approximation to a continuous curve which 
is presented by simply joining the points they determined (Fig. 1). 
This assumption, indeed, seems still to be held rather generally, but 
it is clearly untenable in view of the results now reported, and it 
might be profitable to subject some other supposed eutectic mixtures 
to more rigorous investigation. 

Consideration of the form of the cooling curves determined in the 
present investigation supports the foregoing conclusion. <A typical 
eutectic mixture, for example, bismuth-tin, gives cooling curves 
showing a sharp arrest at the eutectic temperature as well as at the 
initial freezing point. The curves for mixtures of potassium and 
sodium nitrates show no second arrest, whence it is clear that a 
progressive solidification occurs over the whole range from the 
initial freezing point to the minimum, at which point the mass of 
material finally solidifying is very small. 

In order to obtain an independent and décisive check on our 
conclusion, the nature of the solid phase in equilibrium with fused 
mixtures near the minimum freezing point was determined in the 
manner above described. If sodium nitrate and potassium 
nitrate were immiscible or of limited miscibility in the solid state, 
the pure solid or the limiting solution would separate from any 
mixture right down to the minimum point, so that the solids 
separating from solutions of compositions close to, but on either 
side of, that of the mixture of minimum freezing point would differ 
widely in composition. The analyses reported in Table IT show that 
the composition of these solids differs very slightly from that of the 
liquid phase in equilibrium. As this is the case, the inclusion of 
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considerable amounts of mother-liquor has little effect on the com- 
position, deduced from the analytical data, for the pure solid phase 
freed from mother-liquor. Even on the rather generous assumption 
that the crystals contained 30 per cent. by weight of included liquid, 
the percentage of potassium nitrate in the pure crystals would only 
differ by about half a unit from that found for the crystals plus 
mother-liquor. Allowing a still larger correction of, approximately, 
one unit upon the analytical figures, it may be said with some 
confidence that the solids in equilibrium with liquid mixtures con- 
taining 50°12 per cent. and 57°75 per cent. of potassium nitrate 
contain, in round numbers, not less than 47°5 per cent. and not more 
@ than 60°0 per cent. of potassium nitrate, respectively. 

Therefore it is apparent that these solids are neither the pure 
components nor the solid solutions containing, respectively, 12 per 
cent. of potassium nitrate and 20 per cent. of sodium nitrate, supposed 
by Hissink to represent the limits of miscibility of these salts in the 
solid state. 

On the other hand, Hissink’s data, having regard to the rather 
considerable errors by which they are obviously affected, do not 
preclude a solidus curve, of the general form and location indicated 
by the dotted curve in Fig. 2. 

We conclude, therefore, that sodium nitrate and potassium 
nitrate, at temperatures above 130°, form a continuous series of 
solid solutions. Below 130°, these solutions change to a porcelain- 
like mass, owing undoubtedly to the segregation of potassium 
nitrate in the orthorhombic form. This change may sometimes be 
delayed; for example, the molten mixtures on glass may form 
perfectly clear and transparent crystalline films on cooling to room 
temperature; mechanical disturbance or the addition of moisture 
then causes the films to become white and opaque. Microscopic 
examination of the films during this change confirms the foregoing 
opinion as to its nature. 

The melting points of the pure components, determined inci- 
dentally in the course of the present work, merit brief comment; 
they are given below, together with the more important earlier 
values for these constants. 

KNO, 339°; 342°; 338°; 339°; 337°; 333°. 

NaNO, 310°5°; 314°; 313°; 316°; 308°; 309°. 

The authorities for the respective pairs of values are Person 
(Ann. Chim. Phys., 1847, [iii], 24, 329), Braun (Pogg. Ann., 1874, 
154, 190), Schaffgotsch (Pogg. Ann., 1857, 102, 293 ; Jahresberichte, 
1857, 19), Carnelly (J. Chem. Soc., 1878, 33, 277), Carveth (J. Physical 
Chem., 1898, 2, 209), and Briscoe and Madgin. 

In the present investigation, the salts were carefully purified and 
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the determination of temperature can scarcely be in error by much 
more than + 0°5°, so that the present results, differing little from 
the earlier data of Schaffgotsch and Carveth, appear to merit 
confidence. 

Summary. 


1. The freezing-point curve for mixtures of sodium nitrate and 
potassium nitrate has been redetermined and found to be con. 
tinuous, with a fairly sharp minimum at 225-7° and approximately 
55 per cent. KNO,. 

2. Cooling curves for these mixtures exhibit a sharp arrest at the 
initial freezing point, but show no material arrest at the minimum 
freezing point. 

3. The solids in equilibrium with liquid mixtures near the com. 
position of minimum freezing point are solid solutions differing little 
in composition from those liquids. 

4. It is inferred that sodium nitrate and potassium nitrate, at 
temperatures above 130°, form a continuous series of solid solutions, 
and not, as has hitherto been supposed, a eutectic mixture of the 
pure salts or of solid solutions of limiting composition. 

5. The melting points of sodium nitrate and potassium nitrate 
are found to be 309° + 0°5° and 333° + 0°5°, respectively. 

UNIVERSITY OF DURHAM, 


ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, May 2nd, 1923.] 


CLXX XI.—Reduction of Ethyl Ethylidenemalonate as 
Affected by Choice of Reducing Agent. 


By Lucy HicervsotHam and ARTHUR LAPWoRTH. 


StupiEs of «f$-unsaturated acids and esters which have been in 
progress in these laboratories have included certain investigations 
of reduction products of alkylidenecyanoacetic acids. It has been 
observed that the unsaturated acids, Ar-CH:C(CN)-CO,H, made 
by condensation of aromatic aldehydes, Ar-CH:O, with cyano- 
acetic acid, are reduced by means of sodium amalgam and mainly 
to the corresponding saturated acids, Ar-CH,*CH(CN)-CO,H, but 
that when the corresponding acids derived from aliphatic aldehydes 
are used the expected reduction products are not obtained, although 
very ready absorption of hydrogen takes place. In a similar 
manner, ethyl ethylidenecyanoacetate and ethyl ethylidenemalon- 
ate, CH,-CH:C(CO,Et),, are easily reduced by moist sodium amal- 
gam, but the products give no trace of the expected n-butyric acid 
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after complete hydrolysis and elimination of carbon dioxide. These 
observations seemed the more remarkable inasmuch as ethyl 
ethylidenemalonate was found to be capable of ready reduction in 
the cold with hydrogen in presence of colloidal palladium, being 
almost quantitatively converted into ethyl ethylmalonate : 


CH,CH:C(CO,Et),+2H —> CH,CH,-CH(CO,Et). 


In order to ascertain the probable nature of the abnormal course 
pursued when moist sodium amalgam is used as reducing agent 
with these «$-unsaturated acids and esters, attention was con- 
centrated on ethyl ethylidenemalonate and it was found that this 
ester with sodium amalgam gives rise to products of at least two 
distinct types. The first of these has many of the characters of a 
3-ketonic ester, and yields on alkaline hydrolysis a volatile ketone 
from which a crystalline semicarbazone can be obtained; this 
compound has not yet been isolated in quantities large enough to 
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, at § permit of its full characterisation. 

ns, The main type of product obtained by reduction of ethyl ethyl- 

the § idenemalonate by moist sodium amalgam appears to be formed in 
accordance with the scheme 

ate CH,: “CH: CH(CO,Et), 


2CH,°CH:C(CO,Et),+2H —> CH, OH: CH(CO,Et), 
and when hydrolysed by means of methyl-alcoholic potassium 
hydroxide is converted into salts of mixed polycarboxylic acids ; 
these, when distilled, are converted with loss of carbon dioxide 
into a mixture which consists mainly of two isomeric dicarboxylic 
acids; one of these melts at 136—137°, and has been definitely 
identified with a $f’-dimethyladipic acid which has since been 
obtained together with its isomerides by the action of copper 
powder on £-iodobutyric acid : 


2CH,CHI-CH,CO,H —> 


As 


CH,CH-CH,-CO,H_ 
CH, CH-CH,-CO,H 


In neither of the two processes was the pure stereoisomeride of 
the acid melting at 136—137° obtained, but the two eutectics 
appeared to melt at about 62—65°, and displayed no appreciable 
difference in behaviour towards solvents. The proportion of the 
two isomerides obtained from ethylidenemalonic ester varied con- 
siderably according as the reduction process was carried out in 
faintly alkaline or acid solution, respectively. 

The coupling at the B-positions of reduced residues has previously 
been observed when agents such as sodium amalgam or moist 
aluminium amalgam act on _ benzylideneacetone, benzylidene- 
benzylacetone, methylcyclohexenone, and carvone, the products of 
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such coupling being 1 : 6-diketones (Harries and others, Ber., 1896, 
29, 380; 1898, 31, 1806; Annalen, 1904, 330, 235; Stoermer 
and Moller, Diss., Rostock, 1905, p. 24). Ethyl cinnamate with 
aluminium amalgam in moist ether similarly yields not only the 
normal dihydro-derivative, but also a little ethyl (§’-diphenyi- 
adipate (Henle, Annalen, 1906, 348, 16). Wollemann (Diss., 
Gottingen, 1913, p. 4 et seg.) observed that, whilst as a rule, reduc. 
tion of «8-unsaturated compounds by means of hydrogen in presence 
of palladium gives almost exclusively the normal dihydro-derivative, 
traces of the bimolecular products could be detected during the 
reduction of dibenzylideneacetone by this method. The parallelism 
between these couplings at $-positions and the formation of pinacols 
by reduction of saturated aldehydes and ketones is almost self. 
evident. In both cases, the change may broadly be represented by 
the expression | es +2H — X,Hsg, the = forms of the molecule 


X being (1) O:CR: CR’: GR", and (2) O:CR,, respectively. The § 
forms always contain carbon atoms with distinct latent polarities, 
and coupling takes place by union of carbon atoms denoted by 
-++ signs. 

The mechanism of such reductions has often been discussed, 
and the theory which perhaps has found most favour is that which 
assumes the union of a hydrogen atom with the oxygen of the 


carbonyl group, yielding molecules or residues with a free valency 
(1’) HO-CR:CR’: OR”, or (2’) HO» CR». These residues, which 
virtually contain tervalent carbon atoms, are supposed to unite 
by means of these, in pairs, giving rise to 


1 HO-CR:CR’-CR", 1) HO-OR, 
d (2 
(1) FO-CR:CR” CR”, 2") FO. éR,.’ 


respectively, the former being the unstable enol of a 1 : 6-diketone § 
to which it at once isomerises. 

Such a theory fails to explain why the bimolecular reduction 
products are only formed when metals in some form are used as 
reducing agents. This difficulty may no doubt be evaded by 
assuming that a metallic atom rather than a hydrogen atom becomes 
attached to the carbony] oxygen, and that compounds corresponding 
with Schlenck’s metal ketyls are formed; for example, NaO-CR, 
rather than HO-CR,. But the metal ketyls are so highly unstable 
and the average life of their individual molecules in aqueous or 
alcoholic solution is consequently so short that the probability of 
their frequent coalescence in pairs is extremely remote. If, on 
the other hand, it be supposed that the carbonyl compound is 
adsorbed on the surface of the metal, then conditions which would 
admit of ready coupling of the molecules in pairs are provided. 
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If such adsorption of molecules on the surface be assumed, then 
coupling might be accounted for in two entirely different modes. 

(a) The molecules first adsorbed are attacked by other molecules 
sill in solution; in this manner, two layers of simple molecules 
one above the other might be formed, these ultimately forming 
oe layer of double molecules by readjustment of electrons in the 
system which includes both molecules and also the metal and the 
solvent. The stages assumed may be roughly pictured as follows, 
where M indicates the mass of metal : 


dupaerteery- 
MCR,O0-+CR,0 —> MCR,O:CR,O 


a iinet 


4+ 
MCR,O-CR,0+2H,O —> M+HO-CR,-CR,-OH+20H. 


Here some of the metal of course ultimately becomes converted 
into metal hydroxide or salt. 

(6) The individuals of the interacting pairs both form part of 
the layer of molecules which are directly attached to the metal. 
These individual molecules lie side by side and with subsequent 
readjustments of electrons in the system unite in pairs. 

Here the supposed stages may be represented as follows : 


M+2CR,0 —> MRO 


MCR. O CR,"OH 


R20 t 24:0 —> M+ GR ‘oH tT 20H. 


Whilst hypothesis (b) is perhaps to be preferred to (a) in the 
present connexion, it is worthy of note that much recent evidence 
has been accumulating to show that adsorbed layers of gas several 
molecules thick may occur on the surfaces of solids. It is not 
altogether unlikely that the natural synthesis of compounds con- 
taining carbon chains produced by the concurrence of several 
simple molecules may in certain cases be traced to localisation and 
activation of the simple molecules at solid—liquid or liquid-liquid 
interfaces. 

The absence of appreciable quantities of the bimolecular pro- 
ducts when hydrogen in presence of metallic catalysts is used as 
teducing agent finds a ready explanation with the aid of the view, 
which is widely held, that during such catalytic reductions the first 

31 


1622 HIGGINBOTHAM AND LAPWORTH : 


step consists in the formation of a layer of activated hydrogen on the 
metallic surface. It is evident that if hydrogen is adsorbed much 
more rapidly than the reducible compound, the molecules of the 
latter will come into contact with hydrogen atoms rather than 
with the metal, and the mechanism for the production of the 
bimolecular compound will therefore almost wholly be excluded. 

On the other hand, Wollemann’s observation (loc. cit.) that traces 
of the bimolecular products are formed when dibenzylideneacetone 
is acted on by hydrogen in presence of palladium can only be 
harmonised with the preceding suggestions by assuming that 
catalytic reductions may proceed in two different modes. The 
more usual mode would involve adsorption of hydrogen, and the 
other adsorption of reducible compound in the first instance. In 
this way, it may be possible to reconcile the two hitherto apparently 
divergent views, each based on experimental grounds, of the 
mechanism of catalytic reduction processes. 


EXPERIMENTAL. 


The ethyl ethylidenemalonate was prepared by the condensation 
of acetaldehyde with ethyl malonate in presence of a small quantity 
of sodium ethoxide or piperidine, the product being worked up by 
repeated washing with water, drying, and fractionation in a 


vacuum. 

Reduction of Ethyl Ethylidenemalonate with Hydrogen in Presence 
of Colloidal Palladium.—The ester (5 grams) was dissolved in a 
mixture of alcohol (20 c.c.) and water (25 c.c.) to which were added 
2 c.c. of an approximately 4 per cent. solution of palladium chloride, 
then 0:1 gram of gum arabic dissolved in water anda little colloidal 
palladium solution which had been previously prepared. The 
containing flask, provided with a well-fitting cork and stirrer, was 
connected with a reservoir containing purified hydrogen, by means 
of which the air in the flask was first replaced by hydrogen, and 
interaction was then effected by efficient stirring. Fairly rapid 
absorption of hydrogen took place even when, as sometimes 
happened, the catalyst separated from solution as dark, flocculent 
masses. In the course of about two hours, reduction was as 4 
rule complete, when the flask was detached and its contents were 
diluted with water and extracted with ether. The extract, re- 
covered by evaporation of the dried ethereal solution, was fully satur- 
ated and distilled practically constantly at 203°/705 mm. It was 
nearly pure ethyl ethylidenemalonate and on hydrolysis with alkali 
yielded ethylmalonic acid melting at 109—111°, and decomposing 
at 160° with formation of carbon dioxide and n-butyric acid 
(Equivalent of the ethylmalonic acid found, 66°6; calculated, 66:0). 


Re 
The 
coole 
of W 
appr 
main 
reduc 
with 
dilut 
was | 
hydr 
neuti 
salts. 

Th 
had ; 
semic 
solid. 
255°. 
cours 
or ar 
the « 
ether 
The : 
isome 
was . 
resid 
pale 
white 
limit 
titrat 


REDUCTION OF ETHYL ETHYLIDENEMALONATE. 1623 


Reduction of Ethyl Ethylidenemalonate with Sodium Amalgam.— 
The ester (15 grams), dissolved in dilute alcohol (20 c.c.), was 
cooled in a freezing mixture and shaken with successive quantities 
of well-washed, 1°5 per cent. sodium amalgam (400 grams), the 
approximately neutral reaction of the alcoholic solution being 
maintained by frequent additions of acetic acid. Later, complete 
reduction was as far as possible insured by shaking the solution 
with washed, 4 per cent. amalgam (100 grams). On subsequently 
diluting with water, acidifying, and extracting with ether, an oil 
was obtained which when boiled with methyl-alcoholic potassium 
hydroxide for two and a half hours yielded a small quantity of a 
neutral ketone, volatile in steam, and an alkaline mixture of sodium 
salts. 

The ketone, after distillation with steam, was collected. It 
had a peppermint-like odour and was converted by warming with 
semicarbazide hydrochloride and sodium acetate into a white 
solid, evidently a semicarbazone, melting and decomposing at 
255°. The total quantity of these products obtained during the 
course of the work was insufficient for satisfactory characterisation 
or analysis. The mixture of sodium salts obtained by hydrolysing 
the crude reduction product, when acidified and extracted with 
ether, gave a mixture of acids which on standing slowly solidified. 
The acids present were doubtless for the most part the two stereo- 
isomeric «a’-dicarboxy-$8’-dimethyladipic acids; when the mixture 
was heated at about 160°, carbon dioxide was evolved and the 
residue, when distilled at 5 mm. pressure, gave about 3 grams ofa 
pale yellow, oily distillate; this slowly became converted into a 
white solid mixture of acids which melted over a range, the upper 
limit being 75°. The equivalent of the mixture determined by 
titration was 85, the number calculated for a dibasic acid, CgH,,0,, 
being 87. 

Repetition of the reduction of ethyl ethylidenemalonate with 
sodium amalgam, but using excess of sodium bicarbonate instead 
of acetic acid to minimise alkalinity, gave somewhat similar results ; 
the mixture of dicarboxylic acids, however, now melted over a 
range the upper limit of which was 128°. The crude acids were 
washed with carbon tetrachloride, dried, and analysed (Found : 
C= 54:9; H = 7°8; equivalent, by titration, = 88, 86°5. C,H,,0, 
requires C = 55°2; H = 8°0 per cent.; equivalent = 87). 

Samples of mixed acids prepared by the above methods and 
recrystallised several times were collected and exposed on porous 
earthenware in an oven at 100°; the residue, after recrystallisation 
from hot carbon tetrachloride, formed well-defined prisms melting 


fairly sharply at 136—137°, which is probably very nearly the 
31*2 
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correct melting point of one isomeride. The portion which was 
absorbed by the porous earthenware was extracted with carbon 
tetrachloride; after solidification, this portion, when slowly heated, 
began to melt at about 63°, which is therefore probably the 
approximate melting point of the eutectic. 

Synthesis of B8-Dimethylacrylic Acid from B-Iodobutyric Acid. — 
8-lodobutyric acid, made by the action of hydrogen iodide on 
crotonic acid in aqueous solution, was ground up with “ reduced” 
copper powder, and the mixture heated at 160° for four hours. On 
submitting the product to distillation under a pressure of 4 mm., 
a fraction passed over between 160° and 190° which solidified 
when infected with the solid mixture of ®$-dimethyladipic acids 
prepared from ethyl ethylidenemalonate. The solid after one 
recrystallisation from carbon tetrachloride melted at 124—126°, 
and its equivalent, determined by titration, was 87, or the theo- 
retical value. After exposure on porous earthenware at 100° 
and recrystallisation of the residual solid from carbon tetrachloride, 
well-defined prisms melting at 136—137° were obtained. By 
extraction of the earthenware with carbon tetrachloride, a solid 
was obtained which began to fuse at 62° and closely resembled 
that from the partly purified mixture of @$-dimethyladipic acids 
obtained from the sodium amalgam reduction product of ethyl 
ethylidenemalonate. A mixed melting-point test, applied to the 
specimens melting at 136—137°, confirmed the identity of the acid 
prepared by the two distinct methods. 


The authors’ thanks are due to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant to 
one of them (L.H.) which made it possible for this work to be 
done. 
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CLXXXII.—The Theory of Acid—Alkali Solution Equi- 
librium as Applied to Salts of Moderately Strong 
but Sparingly Soluble Acids. 


By EpmunpD BrypGEs RuDHALL PRIDEAUX. 


Ir is well known that titration of the total alkali in salts of very 
weak acids is carried out with the aid of acid-insensitive indicator 
of low titration exponent, pr. The weaker the acid, the higher 
can be the value of pr; thus methyl-orange (pr = 4) excludes 
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carbonic acid from a titration, whilst p-nitrophenol (pr = 5°5) 
excludes boric acid. Acids with a dissociation constant higher 
than 1 x 10°, if present in considerable concentration, cannot 
be excluded without the use of an indicator of too low a titration 
exponent, which makes the hydrion error too high. If, however, 
the acid is sparingly soluble, it can be estimated by acidimetric 
methods, even when the constant is as high as 1 x 10%, Although 
the broad lines of the theory of such titrations have been laid down, 
they do not appear to have been much tested experimentally. 
The acids to which the special equations deduced below should 
apply are those with solubilities of 0°02 mol. per litre or less and 
constants between 1 x 10° and 1 x 10°. 

Benzoic and salicylic acids only have been examined. 

The hydrion concentration of a solution of a stoicheiometrically 
neutral benzoate or salicylate is given by the well-known equation 
of hydrolysis, which is expressed for convenience in the form 

[H*]}=VKwKa/e . . .... (@) 
in which Ky is the dissociation constant of water, 1 x 107 at 23°, 
and c is the total concentration of the salt NaA at the end of the 
titration. By taking logarithms and changing the sign, [H’] is 
obtained as the negative of its exponent, —log[H’*] or pz: 

2p = 14 — logK 4 ++ log. 
In the case of benzoic acid, K = 6°86 x 10°, so that for a normal 
solution of sodium benzoate (c = 1), for a solution of benzoic acid 
saturated at 25° (c = 0°0266), and for 0°01N-benzoie acid the 
values of py are 9°155, 8°58, and 8°08, respectively. All these 
values are within the range of phenolphthalein. 

The exact neutralisation of salicylic acid can be effected with 
neutral-red or other neutral-point indicator. The salt is not 
alkaline to phenolphthalein, and according to Kolthoff a solution 
containing 1 part of the salt in 10 parts of water is made alkaline 
by 0°1 c.c. of N/10-alkali. The application of the simple equation 
to salicylic acid in its saturation concentration, 0°0162 mol. per litre 
at 25°, leads to the values py 7°6 and [H*] 2°5 x 10°8. For the salt 
in normal concentration, py = 8°6 and [H*]=2°5x 10%. At 
the latter concentration, therefore, the solution should be just 
alkaline to phenolphthalein, and be made acid by mere dilution. 

This is not the case, and the cause of the discrepancy is the 
phenolic hydroxyl group, the hydrogen atom of which is free to 
dissociate when the carboxylic hydrogen atom has been replaced 
by sodium. The second dissociation constant may be put equal 
to that of methyl salicylate, 1 x 10°. The acidity due to a 
normal solution of the phenolic anion, HA’, dissociating into H* 
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and A” may be calculated as [H*] = 3 x 10-6, which is greater than 
that of phenolphthalein. Also the quantity of alkali that must be 
added to bring pq to a value, 8°4 ([H*] = 2°5 x 10°°), at which the 
solution will give a decided pink colour with phenolphthalein, can 
be calculated. 

The quantity, x, of added alkali may be put equal to the concen- 
tration of the phenolic anion A” in the equation [H*] = Ke/[A’’}, 
Therefore, x = 2°5 x 10° or 0:25 c.c. of 0°1N-alkali must be added 
to 10 c.c. of N-sodium salicylate in order to make py = 8°4, or, in 
general, since x/c = K/[H"], the over-titration at this end-point will 
be 0°4 per cent. of the total salicylic acid present. 

The distinctive feature of the method of analysis described below 
is the titration of the strong mineral acid, leaving out of account 
the weak acid. The end-point at which all the organic acid is free 
is given approximately by the ordinary dissociation constant of 
the acid at its saturation or lower concentration, [H*] = V Ke. 

Benzoic acid: K = 6°86 x 105; c=0°0276 at 25°; [H’]= 
1:37 x 10°; pa = 2°86. 

Salicylic acid: K=1 x 10%; c=0°0162 at 25°; [H'’]= 
4x 103; py = 24. 

If the organic acid is precipitated and washed free from the 
inorganic acid at a temperature of about 15°, its concentration will 
be found to be about 0°01; the corresponding values of [H"*] and 
px are, for benzoic acid, 8°3 x 10 and 3:1, and for salicylic acid, 
3°16 x 10% and 2°5, respectively. 

The titration exponents of the indicators chosen should be as 
near as possible to these points. 


Benzoic Acid and Benzoates. 


The principal indicators which change colour at or near the 
calculated pq of 0°01N-benzoic acid are methyl-orange, dimethy]- 
yellow, bromophenol-blue, and congo-red. 

Methyl-orange, according to Sorensen, changes its colour between 
px 3'1 and 4:4. The initial change from the full acid colour corre- 
sponds almost exactly to the hydrogen exponent of 0°01N-benzoic 
acid, and experience showed that if titration were stopped when the 
pink colour began to fade or the first trace of orange appeared, the 
difference between the methyl-orange and the phenolphthalein 
titration values agreed well with the quantity of benzoic acid 
extracted by chloroform. It is, however, not easy to detect these 
faint differences of colour, even with the aid of a comparison solution 
of pg = 3. The titration exponent, or point of optimum colour 
change of methyl-orange is 4°0 or 4:2, at which point the mineral 
acid is overtitrated and the benzoic acid is partly neutralised. The 
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best conditions for obtaining a sharp end-point are those in which a 
small fraction of the benzoic acid is neutralised, because the gradient 
dpy/dx has its greatest value at the beginning of the neutralisation 
of a weak acid, that is, one with a dissociation constant less than 
1x 10%. This is proved by numerous titration curves, selected 
examples of which are given in the author’s book on “ Indicators.” 
A calculation similar to that given below shows that, at py = 4°0, 


A’ i 

i. about 40 per cent. of the benzoic acid is neutralised, and the value 
> i of dpy/dx is now lower than the maximum, as is always the case 
will near the middle of the neutralisation curve of an acid. The useful 


exponent for this titration will be between py = 3 and py = 4; 
in what follows it has been taken as 3°5 ({H*] = 3:16 x 10%). 
For the pure acid at c = 0°01, the more exact value of [H"*], obtained 


from the equation 


Tee 
of PrP +inia—KRe=O. :« . « @ es @ 
is 8 x 10%. The degree of dissociation or “ion fraction,” «, of 
= the acid is given by 
= a == [H*]/c = 0°08, and (1 — «)/« = 11°5. 
By using an approximate calculation into which the total con- 
he centration does not enter, the relation 
7 (1 — a) /a = [H"]/K =8 x 10/686 x 105=11-7. . (3) 
d, is obtained. Suppose now that alkali is added until the fraction 
a of the acid is neutralised, and [H*] is diminished to 3:16 x 10. 
1s If « is the ‘‘ion fraction ’’ in the modified sense, which includes 
anion derived from the sodium salt, then 
(1 — «)/a = 3°16 x 10*/6°86 x 10° = 4°6, and « = 0°176. 
e Of the total anion, «c or [A’], which is present in one litre of a 


c-normal solution, an. amount equivalent to [H*] is derived from 
the free acid still present, and the remainder, «c — [H’], is equivalent 
to the salt present, that is, to the quantity of alkali ([Na*]) combined 
with organic acid at this acidity. In this case, «c —[(H’]= 
0:00176 — 0:000316 = 0:00144 = [Na‘]. The amount of free acid 
is c — [Na’‘] or 0°00856. The fraction x of the benzoic acid which 
is neutralised is given by (1 — 2)/x = 0°00856/0°00144. The 
quantity of acid neutralised is therefore 14-4 per cent., and the 
amount in the free state is about 86 per cent. 

Bromophenol-blue (pq 3°0 to 4'6) is a better indicator than methyl- 
orange, because the first change is more noticeable, and the titration 
exponent is lower. The transition tints are peculiar and easy to 
recognise. Starting from the full yellow of the acid solution, the 
change is through brownish-yellow to greenish-yellow, which is the 
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colour given by a solution of sodium chloride of the same concen. 
tration as that formed in the titration and saturated with benzoic 
acid. If the solution is only half saturated, the next colour, bluish. 
brown, will be obtained. This changes to purple and finally to 
the blue of the alkaline solution. The titration exponent may be 
found by Noyes’s rule (‘‘ Theory of Indicators,”’ p. 172) by subtract. 
ing 0°5 unit of pg on the side of weaker colour (in this case towards 
the yellow) from the point of half-way change, p; (in this case 3°9), 
The titration exponent, pz, obtained in this way is 3°4, and the 
corresponding colour was determined by the aid of the mixed acid 
rectilinear buffer solution already described (Proc. Roy. Soc., 1916, 
[A], 92, 466). This mixture, when 20 per cent. neutralised 
(px = 3°44), has a green colour, or brown when viewed through 
deep layers. When an additional 0°325 c.c. of 0°2N-alkali is added 
to 25 c.c. of the mixture, the colour changes to green (purplish- 
brown through deep layers), and the value of pg calculated from 
the formula is 3°59. The addition of 0°65 c.c. of the alkali produces 
a blue colour, at py = 3°74. These colours appear different, but 
are still distinctive, when viewed by electric light. 


Salicylic Acid. 

The high dissociation constant of salicylic acid places it at the 
limit of those acids which can be excluded from a titration without 
introducing an unduly large error in the estimation of the hydrion 
concentration. The hydrion concentration calculated from equation 
(2) above is 3°43 x 10°° (yg = 2°47) at c= 0°016, and 2°7 x 10° 
(pa = 2°57) at c= 0°01, which is the average concentration in 
a filtrate from the solid acid at about 15°. Such indicators as 
thymol-blue (pq = 1°2 to 2°8) and tropeolin OO (pq = 1°3 to 3:2) 
should allow the salicylic acid to be excluded from titration, but a 
sharp end-point is not to be expected. 

The range of tropxolin OO, according to Kolthoff, is pg 1°3 to 3:2, 
with a titration exponent of 2°8. According to Sorensen, the range 
is from 14 to 2°6 and the titration exponent, calculated by Noyes’s 
rule (vide supra), is 2°5.* 

In 0:001N-hydrochloric acid, tropeolin OO is yellow, in 0°01N- 
salicylic acid it is tawny-yellow, and in the saturated solution it has 
a redder tinge; judged by the effect produced by the unsaturated 
solution of salicylic acid, therefore, the value of pz, if this corre- 
sponds to a tawny-yellow colour, is 2°5 or even less. If pris taken 


* These differences may depend on the method of finding the range, 
whether the eye is aided by a series of colour matches, for example, ferric 
chloride and cobalt nitrate, or judges the limiting colours without such 
assistance. 
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as equal to 2°8 ((H"] = 1°6 x 10°), equation (3) gives « = 0°38, 
and therefore [Na*] = «c — [H*] = 0°0022. Therefore 1 — xis 0:0078, 
or 80 per cent. of the acid is free at this end-point. A difficulty is 
encountered here whichever way the facts are regarded. If methyl- 
orange is used at py = 3°5, it may be calculated that 73 per cent. 
of the salicylic acid is neutralised, 27 per cent. only being free. One 
of the intermediate tints of methyl-orange cannot be selected because 
the composition of the solution will then be too near to the point 
at which the salicylic acid is half neutralised, and the neutralisation 
curve is too flat (vide supra). 

A solution containing 10 milliequivalents of sulphuric acid and 
0°81 milliequivalent of salicylic acid in 100 c.c. was extracted with 
chloroform. The aqueous solution was found to contain 9°9 milli- 
equivalents of sulphuric acid, and the chloroform solution 0°72 
milliequivalent of salicylic acid. In another 100 c.c. of the solution, 
the phenolphthalein titration value was 10°8 c.c. and the methyl- 
orange value (colour change to orange) 10°4 c.c. The fraction of 
salicylic acid remaining free at the latter point was therefore 0°5. 

A solution containing 2°66 milliequivalents of hydrochloric acid 
and 0°54 milliequivalent of salicylic acid was titrated with 0°2 
N-alkali, of which the following quantities (c.c.) were required : 

With tropxolin OO, reddish-orange (i) 12°2 (ii) 11°8. 

tawny-orange (i) 13°5 (ii) 13°3. 

With phenolphthalein, 16:0. 


The difference (16°0—13°4) multiplied by 0°2 = 0°52, and this 
value, obtained when the titration has been carried to the stage 
corresponding to the tawny-yellow colour of the indicator, agrees 
with the result to be expected on the assumption that pr = 2°5. 
A continuation of the titration until the colour of the indicator 
was full yellow gave a figure corresponding to that required for 
Pz = 2°8. 


Conditions of Equilibrium inthe Presence of a Sparingly Soluble Acid. 


If a strong acid is to be titrated in the presence of an excess of 
a weak, sparingly soluble acid, the end-point will not be quite the 
same as that in the case already considered. The equations are 
different, because [HA], the concentration of the undissociated 
acid, is now constant, and equal to c, — [H"], the solubility of the 
acid itself in water minus the hydrion concentration of this solution. 
In the case of benzoic acid saturated at 25°, c, — [H'] is about 
0025, whilst it is about 0°01 in the neighbourhood of 15°. Since 
[H*}[A’] = K{c, — [H"}}, then under the above conditions 


[A’] = 6-86 x 10-7/[H’] at 16° and 1-7 x 10-*/[H"] at 25°. 
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The concentration of the added alkali, [Na‘], which has formed 
benzoate, is equal to [A’] — [H’].* 

If x is the amount of alkali added in excess of that required to 
neutralise the hydrochloric acid, and V is the volume of the titrated 
solution, then 


2/V =(A’]—(H"]= K[HAJ[H']—[H]. . 4) 


Writing for K[HA] one of the values given above and choosing 
py = 3°5 ((H*] = 3:16 x 10“) as the end-point of the titration, 


a = V(686 x 107/316 x 10° — 3:16 x 107). 


Since V is expressed in litres, then, for a titrated volume of 
20 c.e. 
a = 0°02 x 1:85 x 10% = 3°70 x 10° equivalent 
= 0°037 ¢c.c. of normal reagent. 


Similarly for V = 50, x = 0°093 
and for V = 100, x = 0°185. 


The volume is usually about 50 c.c., and therefore the accuracy 
is about 0°1 c.c. of normal acid or about 0°5 per cent. in a titration 
of 20 c.c. of normal sodium benzoate. 

This result has been applied to the direct titration both of the 
alkali and of the acid in sodium benzoate. In order to avoid the 
obscuration due to the precipitated acid, chloroform (about 50 c.c.) 
is placed in a stoppered 100 c.c. cylinder, the solution (10 to 30 c.c.) 
of sodium benzoate is added followed by a few drops of bromo- 
phenol-blue solution, and the mixture is titrated with N- or N/2- 
acid until the colour is green or brownish-blue (see below). The 
volume, V, of the aqueous layer is noted in case a correction is 
required. To secure the best results, this volume should be kept 
small; that of the chlorform may be large, and the temperature 
should be low.f 

If a correction is added to the titration value of the total alkali, 
it must also be added to the subsequent titration value of the 
benzoic acid. The latter titration is effected by adding standard alkali 
in the presence of phenolphthalein until a purple tinge is obtained. | 
A single drop of N//2-alkali will then give a full red colour, which 
masks the blue. 


* The concentration of the undissociated sodium benzoate can be left 
out of consideration at these concentrations. 

T The titration of total alkali ‘». benzoates and salicylates in the presence 
of ether has been briefly described by Kolthoff (Z. anorg. Chem., 1921, 115, 
117). In both cases, apparently troprolin OO was used and the results, if 
they refer to salts of theoretical composition, show a slight excess of total 
alkali. 
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EXPERIMENTAL. 


The solutions to be tested were made either with known amounts 
of sulphuric or hydrochloric acid and of the organic acid, or by 
decomposing normal solutions of the commercial organic salts with a 
known excess of standard acid; in the latter case, the filtrate from 
the precipitated acid was analysed. The procedure has been 
worked out in detail so as to afford a method of estimating both 
the alkali and the acid in the salts, and several checks have been 
introduced as follows. After filtration, the precipitated acid, 
benzoic or salicylic, is washed free from the inorganic acid, and the 
filtrate and washings are titrated first in the presence of an indicator 
of low titration exponent and then with phenolphthalein. The 
difference between the two titration values, multiplied by a factor 
if necessary, corresponds to the quantity of dissolved organic acid, 
which may be checked by again acidifying the neutralised filtrate, 
extracting the organic acid with chloroform, and titrating it in the 
separated chloroform extract. Alternatively, the original filtrate 
may be extracted with chloroform, and the excess of sulphuric or 
hydrochloric acid in the extracted aqueous solution estimated ; 
| the chloroform extract also is titrated. In both cases, the pre- 
cipitated organic acid is titrated separately, and the quantity, 
added to that of the dissolved acid, gives the total amount of 
organic acid. This method, called the chloroform extraction 
method, was employed to check the composition of solutions of 
benzoates or salicylates when these had been made from weighed 
quantities of the salts. 

A mixture containing 7-8 c.c. of N-sulphuric acid and 1-6 milli- 
equivalents of benzoic acid in 100 c.c. was analysed. After extrac- 
tion with chloroform, the aqueous solution was found to contain 
sulphuric acid equivalent to 7-84 c.c. of N-acid, the chloroform 
containing 1-52 milliequivalents of benzoic acid. The extraction 
was therefore not quite complete. 

The differences (in milliequivalents) between the quantities of 
acid found with the first indicator and of the total acid present 
were as follows : 


Difference 


First indicator. Colour change. Difference. Total benzoic acid’ 
Methyl-orange Paler red 1-56 0-98 
Orange 36 0-85 
Yellow 0-58 
Bromophenol-blue Brownish-yellow 0-91 
Bluish-brown 0-72 
Purple 0-53 


oa obs 


A sample of sodium benzoate was decomposed with excess of 
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standard sulphuric acid. The precipitated benzoic acid was 
removed and estimated as described above. 

The sulphuric and benzoic acids together were equivalent to 
9-9 c.c. of N-acid, and the benzoic acid alone to 1-0 c.c. 


Difference * 
First indicator. Colour change. (c.c. of N-acid). 


Methyl-orange Orange 
Orange-yellow 

Dimethyl-yellow Pink (first change) 
Orange 

Bromophenol-blue Green (first change) 
Bluish-brown 
Purple 


* In these experiments, the difference is numerically equal he ratio 
difference /total benzoic acid. 


These and the preceding results confirm the conclusion that 80 
to 90 per cent. of the benzoic acid is free when the colour of the 
methyl-orange is orange. The change, however, is not very sharp. 
Bromophenol-blue gives a good end-point, and when its colour is 
bluish-brown the whole of the benzoic acid is excluded from the 
titration, a result which is not quite in agreement with calculation. 

Into 50 c.c. of a saturated solution of bengoic acid which required 
1-0 c.c. of N-alkali for neutralisation there was run the equivalent 
of 5-66 c.c. of N-acid. After the addition of a little more solid 
benzoic acid, N-alkali was run in until bromophenol-blue became 
green, 5-8 c.c. being required. After the addition of 10 c.c. of 
chloroform, 5-9 c.c. of N-alkali were required to produce the same 
change of colour. The overtitrations, x, of alkali, which forms 
benzoate, at py = 3-5 are therefore 0-14 c.c. in the absence of 
chloroform and 0-24 c.c. in the presence of chloroform. 

A normal solution of sodium benzoate was analysed (a) by the 
chloroform extraction method already mentioned, and (6) by the 
double titration method in presence of chloroform described above. 
The results were: in (a), total alkali = 12-1, benzoic acid = 11:5; 
in (b), total alkali = 12-1, benzoic acid = 11-65. 

Another sample of sodium benzoate gave after similar treatment 
(a) total alkali = 19-25, benzoic acid = 18-55, and (6) total alkali = 
19-32, benzoic acid = 18-50. 

The total alkali actually present in the volume of benzoate 
solution taken was found (from the weight of the solid and of the 
alkali obtained on ignition) to be 19-44. Thus the error calculated 
above for a volume of 50 c.c., namely, 0-09 c.c. of normal reagent, 
agrees well with the error found. This correction must be added 
both to the total alkali and to the benzoic acid titration values. 

The samples of sodium benzoate were low in benzoic acid content, 
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the corrected ratios of alkali to acid being (a) 1-05 and 1-03 (b) 1-04 
and 1-04 in the two cases. A sample made from benzoic acid and 
the calculated quantity of alkali gave: total alkali = 20-1, benzoic 
acid = 20-0, the corrected ratio being 20-2/20-1 = 1-005. 

Salicylates may be analysed by a similar method in the presence 
of tropeolin OO, the end-point being taken when: the colour of the 
solution is tawny-yellow or orange or red. The concentration of 
the salicylic acid extracted by the aqueous solution from the 
saturated chloroform solution was found to be 0-012 at about 15° 
and 0-0162 at 25°. 

The value of [H*] corresponding to a mean concentration of 
00013 is, by equation (4), 3-2 x 10° (pg = 2-5), and the mean 
concentration of the undissociated acid is again 0-010. Therefore 
K[HA]is1 x 10°. By titrating to an exponent of 2-8, the amount 
of alkali which still remains as salicylate is x = V(1-0 x 10-5/1-6 x 
103 — 16 x 10-3) = 4-65 x 10°°/. 

Thus, at V = 20, 50, and 100 c.c., x = 0-093, 0-23, and 0-47 c.c., 
respectively. It is evident from the results that titration to an 
orange colour agrees most closely with the deficit of standard acid 
(namely, 0-25 c.c., calculated for py = 2-8). If the titration is 
continued until the colour is pink, the reading will almost agree 
with the value of total alkali found by other methods, that is, all 
the salicylic acid will befree. But pq = 2-5forfree salicylicacid. It 
seems, therefore, either that the salicylic acid thus set free in presence 
of chloroform is a stronger acid than would be expected from its 
dissociation constant and its behaviour when shaken with water 
and chloroform; or that tropzolin OO in these circumstances 
gives its full acid colour at too low a value of [H*] (too high a value 
of py). The titration of the liberated acid with phenoiphthalein 
gives values higher than those expected. This divergence is scarcely 
at all due to an error in the choice of the end-point, for, as already 
shown (p. 1626), such error, which can be diminished by using an 
excess of phenolphthalein, will then only amount to 0-4 per cent. 
of the salicylic acid present. It really reveals an incorrectness in 
the composition of the sample used. This is proved by the last 
experiment, in which the solution was made from a weighed quantity 
of the acid and the calculated amount of alkali, and was rendered 
slightly acid towards phenolphthalein by the addition of two drops 
of 0-25N-hydrochloric acid. It was then analysed by the method 
under consideration. 

The result shows that 0-1 c.c. must still be added to the tropzolin 
titration value. This amount would also be added to the phenol- 
phthalein titration value were it not that the end-point is 0-4 c.c. 
too high, or 0-8 c.c. for 20 c.c. of normal salicylate solution. The 
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two corrections cancel and the phenolphthalein titration value is 
correct as it stands. 


Total alkali found. Total alkali found Salicylic acid found 
(a) By weight of salt. by titration with by titration with 
(6) By ignition. tropzolin OO. phenolphthalein. 

(a) 20-0 (6) 19-7 Orange, 19-2; pink, 19-4. 19-8 

Tawny, 19-0; orange, 19-4; 
pink, 19-7. 20-2 
19-75 by chloroform extraction 
method. 19-6 
Pink, 19-7. 20-0 
(much cow ga present) 
f 20-0 found 
19-90 (20-0 taken 


Summary. 


Equations have been deduced by which the hydrion concentration 
may be calculated which occurs at the end-point in the neutralis- 
ation of a mixture of a strong acid with a fairly strong but spar- 
ingly soluble acid having a dissociation constant not exceeding 
1 x 10°°. The predicted results have been tested experimentally 
in the case of benzoates and salicylates, and partly confirmed. 

Rapid methods have been described for the titration of both total 
alkali and acid in benzoates and salicylates. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, April 18th, 1923.] 


CLXXXIII.—Mized Crystals and Double Salis: A 
Comparison of Systems containing Water, Am- 
monium Chloride, and a chloride of Manganese, 
Iron, Cobali, Nickel, or Copper. 


By Atpert CaerBuRY David RivetT and FREDERICK WILLIAM 
JEFFREY CLENDINNEN. 


In previous papers, descriptions have been given of ternary systems 
having water and ammonium chloride as two components with 
manganous (T., 1921, 119, 1329; this vol., p. 1344), ferrous, 
cobaltous, or nickelous (T., 1922, 121, 801), or ferric (this vol., 
p. 1338) chloride as third component. There is much in common 
in all these cases, but particularly so in the first four mentioned. 
An essential part of the manganous system has been very com- 
pletely investigated between 10° and 70°, and may reasonably be 
considered to give the type of the series. In every case, there is 
abundant evidence that ammonium chloride forms mixed crystals 
with the dihydrate, M™Cl,,2H,O, of the chloride of the bivalent 
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metal, and that the extent of mixed crystal formation, or solubility 
of the one solid in the other, depends on temperature. Over a 
certain range there are three series of mixed crystals, and hence, 
in the ternary systems, three curves of solutions. In other words, 
there are two gaps in the miscibility of the solids NH,Cl and 
M"Cl,,2H,O. One of these gaps (that nearer to pure ammonium 
chloride) has been shown for the manganous system to diminish 
with falling temperature and to vanish at a little below 25°. The 
other gap no doubt vanishes similarly, but under conditions which 
are metastable owing to the appearance of a higher hydrate of 
manganous chloride. With ferrous chloride at 70°, one gap has 
gone and the other is very small; with cobalt chloride at 60°, a 
complete series of mixed crystals has been followed from NH,Cl 
to CoCl,,2H,O. It is, however, in part metastable owing to the 
formation of a totally different set of more stable mixed crystals 
throughout a small range of concentration; with nickel chloride, 
the two gaps are present at 70°, the one being quite small, the other 
large. One cannot doubt that the relations described in the 
manganese case are similar to those that would be found on further 
examination of the other three over appropriate ranges of tem- 
perature. 

The similarities and contrasts in the systems are most clearly 
seen in distribution curves where the concentration of one com- 
ponent (ammonium chloride, say) in the solid is plotted against 
that in the corresponding solution. 

In Fig. 1, the ordinates are percentages by weight of ammonium 
chloride in the solid, whilst as abscisse have been taken the per- 
centages of this salt in the total dissolved matter, regarded as 
composed of ammonium chloride and the dihydrate of the other 
chloride. The temperatures are not quite the same in all four 
cases, but that there is identity of type throughout is obvious. 
There is, however, another short curve belonging to the cobalt 
system, not shown in the diagram, which is very nearly hori- 
zontal between ordinates 40°0 to 38°4 (ammonium chloride in 
2NH,C1,CoCl,,2H,O equals 39°2 per cent.) and abscisse 29°9 to 
200 (compare T., 1922, 121, 804, Fig. 2). This shows no connexion 
whatever with the continuous curve of the same system, the points 
on which are indicated by crosses; there cannot be a critical point 
at which the two curves merge. Nothing similar has been found 
in the other three systems. 

The interest of the whole work lies chiefly in the light it throws 
on the binary systems NH,CI—M"Cl,,2H,O. Disregarding the 
exceptional short series in the cobalt system, it appears that com- 
plete miscibility is characteristic of the two solids within certain 
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temperature limits, outside which limited miscibility occurs in one 
or both of two regions. This amounts to saying that the thermo- 
dynamic potential (¢-function) of the various possible solid 
mixtures, ranging from ammonium chloride at one end to M"’C),,2H,0 
at the other, must be a continuous function of the composition, 
although at certain temperatures one or two portions of it may 
correspond with metastable systems. The extents of the metastable 
portions increase with rise of temperature, or, what comes to the 
same thing, mutual solubility increases with fall in temperature. 
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Percentage of ammonium chloride in dissolved salts. 


In practice, one cannot realise the binary liquid phase because of 
dissociation of hydrates below temperatures of liquefaction, but 
it has been shown (T., 1921, 119, 1336) that it is possible to get 
some clue to the liquid-solid binary system by a rather forced 
extrapolation from the ternary. The possible types of these 
systems may readily be deduced by methods similar to those used 
by Roozeboom (Z. physikal. Chem., 1899, 30, 385) in the simpler 
case of mixed crystal formation with one gap. Thus, given that 
the ¢-function curve for solids is as shown in Fig. 2, i, marked %, 
whilst that for the liquids is such as the one marked G, one can 
deduce possible binary systems having two eutectics, two transition 
points or one eutectic and one transition point, according to the 
ways in which é and &, cross one another with temperature change. 
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Fig. 2, sections i to vi, shows, for example, the relations of f, and 
t, leading to a two-eutectic binary system of the type in the upper 
part of section xi. 

Practical investigation is limited, however, to the solid part 
of this binary system in which there 
are five parts marked S,, 8S, + 84, 5, 
8, + S,, and Ss, respectively, in Fig. 2, 
xi, where S denotes a series of mixed 
crystals. But since the attainment of 
equilibrium between solids is extremely 
slow, investigation will be possible only 
if another component such as water 
be introduced, and then only if this 
component enter to but a slight and 
negligible extent into the compositions 
of the solid phases. Water appears 
to be satisfactory from this point of 
view in the cases dealt with. 

The interpretation of the manganous 
system is that the { curve changes as 
shown in Fig. 2, vii to x. At a 
definite temperature, the regions S, 
and S, have merged into one another, 
that is, the 8, + S, region of section 
xihas become closed. Similarly, there 
is reason to suppose that sooner or 
later the 8, + S, region will also vanish, 
so that complete miscibility is found 
(section x), a stage already reached in 
the cobalt system at 60°. It would 
be of interest to find and examine 
cases in which the regions 8, + 8, and 
S, +8, open, instead of close, with 
falling temperature. 

The additional short series in the 
cobalt system introduces a new type. 
It seems not to be connected in any beanie Lj 
way with the main continuous series. SE UR [Conibas Micibity “YX 
Two unrelated ¢ curves will therefore | A Composition. B composition. B 

= ‘ : A 
appear in the complete diagram of this 
system, and their relations to one another and to the & curve will 
determine the form of the full temperature-composition diagram 
of the binary system NH,CI-CoCl,,2H,O. 

Numerous cases are on record in which the regions Sj, S,, and 


Fic. 2. 
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S, are very small indeed. An excellent example belonging to the 
class under discussion is given by ammonium chloride and cupric 
chloride dihydrate. The 8, region is narrow, but it has long been 


recognised from the work on the ternary system that the dihydrate: 


will mix slightly with ammonium chloride. The S, region, how. 
ever, is so narrow and approximates so closely in composition to 
2NH,C1,CuCl,,2H,O that a solid of this composition has always 
been regarded as a pure compound or double salt; in fact, it is a 


Fra. 3. 


NHACI 


HO silts Gah2KO Gull 


commercial article. Meerburg (Chem. Weekblad, 1904, 1, 551), 
Schreinemakers (Chem. Weekblad, 1908, 5, 801; Proc. K. Akad. 
Wetensch. Amsterdam, 1909, 11, 615), Foote (J. Amer. Chem. Soc., 
1912, 34, 880), and others have all described it as a compound. 
So have Chauvenet and Urbain (Compt. rend., 1913, 156, 1320), 
although they showed that the molecular volume, like other physical 
properties, obeys the law of additivity. 

Table I and Fig. 3 give some observations which have been 
made at 25° and 0°. The procedure was much the same as with 
the other systems : ammonium was estimated by distillation and 
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copper by the iodide method, which can be made very accurate 
by adopting back-titration practice. 


TABLE I. 
Temperature 25° + 0°01°. 


Percentage composition. 


Solution. Residue. 
NH,Cl. CuCl.,. NH,Cl. CuCl,. 

28-02 0-995 73°3 
27-69 1-78 45-6 
26-86 2-05 36-1 
19-59 6-41 34-9 
15-26 10-96 34-0 
10-94 16-35 28-9 

6-53 23-76 27-5 

3°16 33-2 27-6 

1-82 43-3 8-08 

1-79 43-3 13-64 

1-44 43-2 0-88 

ae 43-4 es 


Temperature 0°2° + 0°1°. 


0-91 82-4 

1-62 41-8 

7°57 34:8 
15-09 34-9 
24-46 32-1 
33-86 26-8 
41-7 1-70 
40-8 0-49 


=) 


BSG Ge HB RS op to 
ADOWADNW Hb 


oO, > > > Pp CO 


The part ab of Fig. 3 has been established by others and no 
attempt has been made to fix its limit accurately: the point of 
present interest is that the tie-lines for the intermediate curve most 
certainly do not intersect on the composition 2NH,CI,CuCl,,2H,O 
(marked 2.1.2). It is true that they do not diverge from it very 
much, but the region cd at 25° is by no means negligible. At 0° 
it becomes greater, being ce, an increase with fall of temperature 
which was to be expected from analogy with the manganese case. 
8, is narrower still. The solution curve is quite short and any 
deviation in solid phase from CuC],,2H,O (f) was beyond the limits 
of accuracy of the methods used. 

The system NH,Cl-FeCl,-H,O (loc. cit.) is a similar case. 
2NH,Cl,FeCl,,H,O has been very generally recognised as a com- 
pound which could exist in equilibrium with a series of solutions 
(Roozeboom, Z. physikal. Chem., 1892, 10, 145: Mohr, zbid., 1898, 
27,193). Actually there is a clearly defined series of solid solutions 
round about this composition. 

As a matter of fact, it is not possible to have single solids in 
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equilibrium with successive solutions along such curves as each of 
those in Fig. 3. If it were, thenevery possible solution on any one 
curve could exist in equilibrium with every other, each being in 
equilibrium with the same solid. The phase rule denies the possi- 
bility of such co-existence of unlimited numbers of phases (compare 

Chem. News, 1921, 123, 251). 

The case which is so obvious in the systems described may be 
supposed to be quite general. Curves such as a 6, cd, and f must 
be finite lengths, although they may be small, and for .any binary 
system where, besides the two components, there are also ‘ molecu- 
lar compounds ” or “ double salts ” between them, there are two 
possible points of view suggested by this work. The “ molecular 

compounds ” may represent the last 

Fie. 4. stable intermediate sections of a con- 

tinuous miscibility curve running from 

one component to the other. The % 

curve for the solids would be like that 

of Fig. 4a, with very large gaps and 

sharp but continuous turning points 

such as p, g, and r, the tangents from 
ee Cee either side almost meeting at these. 

“A On the other hand, it may be that 

the region c d in Fig. 3 belongs to a 

series of mixed crystals totally different from a band f, corresponding 

with the short series in the cobalt system. In that case the ¢-figure 

would be of the type of Fig. 4b. 

_ That a series of solids, when short, should approximate in com- 
position to integral molecular ratios of components is only to be 
expected. If strain is set up when two solids crystallise together, 
they are more likely, as a matter merely of symmetrical packing, 
to mix, if at all, when the components are present in amounts 
differing but little from simple integral proportions by molecule. 
The application of the terms “ compound ” and “ double salt ” in 
such limiting cases seems no more justifiable than would be its 
application to the solid of any particular point occurring in a longer 
series of mixed crystals, at which components happened also to be 
in integral ratios by molecule. Investigation of these crystal 
structures by X-ray diffraction methods would be valuable. 
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CLXXXIV.—Hydroxynaphthoic Acids. Part I. 


By Frank ALBERT ROYLE and Jack ARNOLD SCHEDLER. 


Or the seven theoretically possible monohydroxy-derivatives of 
a-naphthoic acid, only four appear to have been described, namely, 
2-hydroxy-«-naphthoic acid, m. p. 158° (Kauffmann, Ber., 1882, 
15, 506; Schmitt and Burkhard, Ber., 1887, 20, 2701), 4-hydroxy- 
«-naphthoic acid, m. p. 183—184° (Heller, Ber., 1912, 45, 674), 
5-hydroxy-«-naphthoic acid, m. p. 219° (Friedlander, Heilpern, 
and Spielfogel, Mitt. tech. Gewerbe Musewms Wein, 1898, 8, [11 and 
12], 316; see also J. Soc. Chem. Ind., 1898, 17, 836), and 8-hydroxy- 
a-naphthoic acid, m. p. 169° (Ekstrand, J. pr. Chem., 1888, [ii], 
38, 278). 

In addition to the above, the chemical literature contains refer- 
ences to three other hydroxy-«-naphthoic acids of undetermined 
constitution. Battershall (Z. Chem., 1872, [ii], 7, 673; Annalen, 
1873, 168, 144) sulphonated «-naphthoic acid and isolated from 
the products two isomeric monosulphonic acids which he distin- 
guished by the prefixes « and ®. On fusion with potassium hydr- 
oxide, the «-sulphonic acid gave a hydroxy-«-naphthoic acid melting 
at 234—237°, whilst the ®-sulphonic acid did not yield a pure 
product. 

Stumpf (Annalen, 1877, 188, 1) repeated Battershall’s work, 
and in addition to the so-called «- and $-sulphonic acids he isolated 
a third monosulphonic acid, to which he prefixed the symbol y. 
He fused the 8- and y-monosulphonic acids with potassium hydroxide 
and obtained the corresponding hydroxy-«-naphthoic acids, which 
melted at 243—247° and 186—187°, respectively. 

The only attempt made by Stumpf to determine the constitution 
of these hydroxynaphthoic acids was by distillation with lime; 
he found that the hydroxynaphthoic acid derived from the «- 
sulphonic acid yielded «-naphthol, whilst those obtained from the 
8- and y-sulphonic acids yielded #-naphthol. 

Three «-hydroxy-«-naphthoic acids are possible, namely, the 
4-, 5-, and 8-hydroxy-acids, and, as has been previously mentioned, 
all these have been prepared by other and apparently trustworthy 
methods, and melt, respectively, at 183—184°, 219°, and 169°, 
If we take these melting points as accurate—and there is good reason 
to believe that they are—then the «-acid of Battershall and Stumpf, 
which melted at 234—237°, was not an «-hydroxy-«-naphthoic 
acid as they state, but either had a different constitution or was a 
very impure substance. 

Again, Stumpf’s $- and y-acids, being §-hydroxy-«-naphthoic 
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acids, might be any of the 2-, 3-, 6-, and 7-hydroxy-«-naphthoic 
acids. 

The last three are unknown, and it is scarcely possible that either 
the 6- or the y-acid could be identical with 2-hydroxy-«-naphthoic 
acid—which is the only @-hydroxy-«-naphthoic acid that has been 
described—since the melting points are so widely divergent, and 
the constitution of this acid is well established. 

With these facts in mind, the present authors proposed to prepare 
the 3-, 6-, and 7-hydroxy-«-naphthoic acids and thus attempt to 
establish the identity of Stumpf’s B- and y-acids. 

Two of the desired acids—the 6- and the 7-hydroxy-acid, were 
obtained, respectively, from «-naphthylamine-6-sulphonic acid and 
a-naphthylamine-7-sulphonic acid by diazotising, proceeding 
through the cyano-sulphonic acid to the carboxy-sulphonic acid, 
and fusing this with potash. 

6-Hydroxy-«-naphthoic acid, prepared in this manner, melts at 
208—209°, whilst the 7-hydroxy-«-naphthoic acid melts at 253—254°. 

3-Hydroxy-«-naphthoic acid was prepared in a similar manner 
from «-naphthylamine-3-sulphonic acid; it melts at 242—243°. 

From a consideration of these melting points it would appear 
at first sight that Stumpf’s @-acid, m. p. 245—247°, might be 
identical with 3-hydroxy-«-naphthoic acid, m. p. 242—243°. 
Stumpf, however, describes his B-acid as crystallising from water 
in bulky masses of needles, a description which agrees perfectly 
with the characteristics of 7-hydroxy-«-naphthoic acid, m. p. 
253—254°. 

Stumpf’s y-acid, m. p. 186—187°, might possibly be a very impure 
specimen of 6-hydroxy-«-naphthoic acid, m. p. 208—209°. 

The properties of the «-acid, as previously mentioned, do not 
appear to suggest those of any of the known «-hydroxy-«-naphthoic 
acids. 

In order to obtain a definite decision on the question, the 
work of Battershall and of Stumpf has been repeated and the 
B- and y-hydroxy-«-naphthoic acids of these workers have been 
proved to be impure specimens of 7- and 6-hydroxy-«-naphthoic 
acids, respectively. The «-acid has been definitely found to be 
pure 5-hydroxy-«-naphthoic acid, the melting point, 219°, of this 
acid as given by Friedlander, Heilpern, and Spielfogel (loc. cit.) 
being incorrect. ; 


EXPERIMENTAL. 


Materials used —The «-naphthylamine-6- and «-naphthylamine- 
7-sulphonic acids were commercial products, and these were further 
purified in the laboratory before use. 


ne- 
her 
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a-Naphthylamine-3-sulphonic acid was prepared from the com- 
mercial acid sodium salt of «-naphthylamine-3 : 8-disulphonic acid 
(C-acid) by boiling with 75 per cent. sulphuric acid for two hours 
(Kalle & Co., D.R.-P. 64979). On a small scale, it was found 
advisable to increase the proportion of sulphuric acid recom- 
mended in the patent, and 7 parts by weight of 75 per cent. sulphuric 
acid gave good results without excessive charring. 

Diazotisation of «-Naphthylamine-3-, -6-, and -7-sulphonic Acids. 
—The «-naphthylaminemonosulphonic acid (23 grams) was dis- 
solved in an aqueous solution of sodium bicarbonate (9 grams) 
and the solution filtered to remove any insoluble impurities. The 
volumes of water which were found to give the most satisfactory 
results were 180 c.c., 100 c.c., and 60 c.c. in the case of the 1: 7-, 
1:6-, and 1:3-acid, respectively. The solution was cooled to 
about 0°, concentrated hydrochloric acid (65 c.c.) added rapidly, 
and the finely divided suspension diazotised by the gradual addition 
of sodium nitrite (7 grams in 20 c.c. of water) with stirring, the 
temperature being maintained below 5°—this is especially necessary 
with the 1 : 6- and 1 : 7-acids, but with the 1 : 3-acid the temperature 
may be slightly higher without the formation of undesirable com- 
pounds taking place. The diazonium chlorides separated in the 
case of the 1:6- and 1]: 7-acids as light brown, semi-crystalline 
solids, whilst the 1 : 3-diazonium chloride was canary-yellow and 
quite crystalline in character. The solutions were saturated with 
sodium chloride and filtered. The solid diazonium chlorides were 
washed with cold saturated salt solution and used in a damp 
condition. 

1-Cyanonaphthalene-3-, -6-, and -7-sulphonic Acids——The solid 
diazonium compound was added to a hot cuprous cyanide solution 
(50—60°) prepared in the usual way,* and the mixture was sub- 
sequently warmed on the steam-bath for an hour. Concentrated 
hydrochloric acid was then added to the hot solution, the precipit- 
ated cuprous cyanide filtered off and washed with a little hot 
water, the washings and filtrate were evaporated to dryness, and 
the residue was extracted several times with 90—95 per cent. 
alcohol. The alcohol was evaporated and the nitriles were recrys- 
tallised from a small bulk of water, animal charcoal being utilised 
if necessary. 

It was not easy to obtain these nitriles in a sufficiently pure state 


* In preparing the cuprous cyanide solution, any unnecessary excess of 
potassium cyanide was avoided by adding dilute hydrochloric acid to the 
clear solution until a faint opalescence was detected. Unless this precau- 
tion was observed, the cyano-sulphonic acids were invariably contaminated 
with a purple impurity. 
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for analytical purposes, and they were usually hydrolysed before 
any analyses were made. 

3-, 6-, and 7-Sulpho-a-naphthoic Acids.—The potassium salt of 
the cyano-sulphonic acid (or the whole of the solution after the 
precipitation of the cuprous cyanide) was boiled with 10 per cent. 
aqueous potassium hydroxide until ammonia ceased to be evolved. 
Any final trace of copper was removed by passing hydrogen sulphide 
through the boiling, acidified solution, which was then filtered and 
evaporated until crystals began to appear. On standing, almost 
the whole of the desired potassium carboxynaphthalenesulphonate 
crystallised. 

The crystalline character of all three potassium carboxynaphtha. 
lenesulphonates readily distinguished them from potassium or 
sodium chloride. They were usually sufficiently pure for the next 
stage of operations, but could, if necessary, be readily purified by 
recrystallisation from water. 

In the preparation of the salts, of which the following analyses 
were made, potassium or sodium salts were used throughout so as 
to avoid the formation of mixed salts. 

Sodium 1-carboxynaphthalene-3-sulphonate crystallises from water 
or dilute acetic acid in small needles (Found: H,O = 6:3; Na'= 
77. C,,H,O;SNa,H,O requires H,O = 62; Na = 7°9 per cent.). 

Potassium 1-carboxynaphthalene-6-sulphonate crystallises in 
microscopic needles from water or dilute alcohol (Found: H,O = 
109; K=11°7. C©,,H,0O,SK,2H,O requires H,O = 110; K= 
12°0 per cent.). 

Potassium 1-carboxynaphthalene-7-sulphonate crystallises from 
water or dilute acetic acid in slender needles (Found : H,O = 10°8; 
K=11°8. (C,,H,0;SK,2H,O requires H,O=110; K=120 
per cent.). . 

Fusion of 1-Carboxynaphthalene-3-, -6-, and -7-sulphonates with 
Potassium Hydroxide.—The finely powdered, anhydrous sulphonate 
(1 mol.) was added gradually to fused potassium hydroxide at 
260°; after each addition, the temperature was allowed to rise 
to 260° and the mass was well stirred. Having been finally heated 
at 280° for about five minutes, the melt was cooled, dissolved in 
water, and almost neutralised with sulphuric acid, and from the 
solution, filtered if necessary, the hydroxy-a«-naphthoic acid was 
precipitated by concentrated hydrochloric acid. The crude acid 
was purified by converting it into the sodium salt, the aqueous 
solution of which was boiled with animal charcoal and filtered. 
The hydroxy-«-naphthoic acid was then reprecipitated with hydro- 
chloric acid and recrystallised from boiling water. 

6-Hydroxy-«-naphihoic acid is almost insoluble in cold water, 
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but it is readily soluble in boiling water, from which it crystallises 
in fine, silky needles melting at 208—209°. It is soluble in alcohol, 
ether, acetone, or warm glacial acetic acid, but much less soluble in 
benzene or chloroform. With ferric chloride, the aqueous solution 
gives a dark brown coloration. Dilute aqueous-alcoholic solutions 
of the sodium salt show a green fluorescence (Found: C = 70:1; 
H = 4°3. ©,,H,O, requires C = 70'°2; H = 4:2 per cent.). The 
acetyl derivative crystallises in needles from dilute acetic acid or 
toluene. It melts at 209—210° [Found: C=67'7; H= 44; 
CO-CH,; = 18°3. C,,H,0,(CO-CH,) requires C = 67°38; H = 43; 
CO-CH, = 18°6 per cent.]. The anilide * is almost insoluble in the 
usual organic solvents, but may be crystallised from acetic acid, 
from which it separates in short, glistening needles, m. p. 193—194° 
(Found: N = 5°5. C,,H,30,N requires N = 5°3 per cent.). 
7-Hydroxy-«-naphthoic acid, in general properties, is very similar 
to the 6-hydroxy-acid. It is, however, less soluble in cold water, 
from which it crystallises in bulky masses of fine needles, m. p. 
253—254°. The ferric chloride coloration and the fluorescence are 
also very similar to those of the previously described acid (Found : 
C=701; H=4°5. C,,H,O, requires C = 70°2; H = 4:2 per cent.). 
The acetyl derivative, m. p. 221—222°, crystallises in long, 
transparent needles from dilute alcohol [Found: CO:CH,; = 18-0. 
C,,H,0,(COCH,) requires CO-CH, = 18°6 per cent.]. The anilide, 
m. p. 209—210°, forms small needles from acetic acid (Found : 
N=5:1. C,,H,,0,N requires N = 5°3 per cent.). 
3-Hydroxy-«-naphthoic acid is even less soluble in water than either 
of the above acids. It crystallises from this solvent in short needles 
melting at 242—243°. The ferric chloride coloration is reddish- 
brown and the fluorescence of the dilute aqueous-alcoholic solution 
of the sodium salt is purple (Found : C = 70:1; H= 4-4. C,,H,O, 
requires C = 70°2; H = 4:2 per cent.). 
The acetyl derivative, m. p. 169—170°, crystallises in long, 
transparent needles from dilute alcohol [Found : CO-CH, = 18:2. 
C,,H,0,(CO-CH,) requires CO*CH, = 18°6 per cent.]. 


Sulphonation of «-Naphthoic Acid. 
In their sulphonations of «-naphthoic acid, Battershall and 
Stumpf (loc. cit.) made use of fuming sulphuric acid of unspecified 


* The anilides were prepared according to D.R.-P. 293897 (Chemische 
Fabrik Griesheim Elektron), which describes a modification of Schoepff’s 
method (Ber., 1892, 25, 2744). The hydroxynaphthoic acid, suspended in 
toluene, was treated with the requisite amount of aniline, and phosphorus 
trichloride was slowly dropped into the agitated mixture; the solution was 
finally boiled so as to complete the reaction. 3 x* 

K 
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strength ; hence it was impossible to repeat their conditions exactly. 
Parallel results were, however, obtained by heating «-naphthoic 
acid (1 mol.) with 98 per cent. sulphuric acid (3 mols.) on the steam. 
bath for eight hours and converting the product into neutral barium 
salts by the usual method. 

Separation of the «-, B-, and y-Sulphonic Acids.—Fractional 
crystallisation of the neutral barium salts failed to yield within a 
reasonable time more than one pure salt. This salt consisted of 
well-defined, transparent, hexagonal plates corresponding in 
general characters with Stumpf’s «-salt. Conversion of the 
material remaining in the mother-liquors into acid barium salts 
resulted in the separation of the $- and y-salts, but it was found 
more expedient to convert the whole of the sulphonic acids into 
their acid barium salts in the first instance. On evaporation of 
this solution, the almost insoluble acid barium salt of the y-sulphonic 
acid was first deposited—and was obtained pure by recrystallisation 
from boiling water. Further evaporation of the mother-liquors 
yielded one or two indefinite fractions of granular material and 
then two very characteristic fractions crystallising in balls of fine 
needles; these undoubtedly consisted of the acid barium $-sulphon- 
ate, which Stumpf described as crystallising in “ soft, voluminous, 
warty masses.” The £-salt also was purified by recrystallisation 
from boiling water. The mother-liquors of the y- and £-salts were 
then made neutral with barium carbonate, and on further evapor- 
ation gave a good yield of the neutral «-sulphonate. The inter- 
mediate fractions and all mother-liquors were fully investigated and 
readily resolved into «-, B-, and y-salts, no traces of other salts 
being detected. 

Conversion of the «a-, B-, and y-Salts into Hydroxy-x-naphthoic 
Acids.—The neutral sodium salts obtained from the preceding 
barium salts by the usual methods were fused with excess of 
potassium hydroxide; the resulting hydroxy-«-naphthoic acids 
were isolated and purified in the manner described in the earlier 
part of this paper. In each case, the yields from the fusions were 
satisfactory and the hydroxy-«-naphthoic acids obtained had the 
following melting points (the figures in brackets are the m. p.’s 
recorded by Stumpf): «-acid, m. p. 2835—236° (234—237°), acetyl 
derivative, m. p. 202—203°; B-acid, m. p. 253—254° (243—247°), 
acetyl derivative, m. p. 221—222°; y-acid, m. p. 208—209° (186— 
187°), acetyl derivative, m. p. 209—210°. 

From these figures it is clear that the B- and+y-acids obtained by 
Stumpf were impure specimens of 7-hydroxy- and 6-hydroxy-2- 
naphthoic acids, respectively. 

The «-acid had all the properties of Battershall and Stumpf’s 
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a-acid, although it failed to correspond with any of the three 
possible «-hydroxy-«-naphthoic acids, all of which had been 
previously described in the literature. Since 4-hydroxy-«-naphthoic 
acid cannot be obtained from 4-sulpho-«-naphthoic acid by fusion 
with potassium hydroxide owing to loss of carbon dioxide, and since 
8-hydroxy-«-naphthoic acid readily yields an anhydride, the authors 
draw the conclusion that the «-acid must be 5-hydroxy-«-naphthoic 
acid, which had been described as melting at 219° by Friedlander, 
Heilpern, and Spielfogel (Joc. cit.). In order to justify this con- 
clusion, a specimen of «-naphthylamine-5-sulphonic acid was 
converted into 5-hydroxy-«-naphthoic acid by the methods described 
above. The acid obtained in this way crystallised from hot 
water in long needles melting at 235—236°, and gave an acetyl 
derivative melting at 202°. Further, the preparation of 5-hydroxy- 
a-naphthoic acid by Friedlander, Heilpern, and Spielfogel’s method 
again yielded the same acid melting at 235—236°, and there can 
be no doubt whatever that Battershall and Stumpf’s «-acid was 
practically pure 5-hydroxy-«-naphthoic acid. 


Summary. 

1. 3-, 6-, and 7-Hydroxy-«-naphthoic acids have been prepared 
and characterised. 

2. The sulphonation of «-naphthoic acid with 98 per cent. sulph- 
uric acid at 100° has been shown to produce a mixture of 5-, 6-, 
and 7-sulpho-«-naphthoic acids. 

3. The so-called «-, 8-, and y-hydroxy-«-naphthoic acids of 
Stumpf and Battershall have been proved to be 5-, 7-, and 6- 
hydroxy-«-naphthoic acids, respectively. 

4. 5-Hydroxy-«-naphthoic acid melts at 235—236°, and not at 
219° as previously stated. 


The authors desire to express their thanks to Professor Lapworth 
for his interest in this work. 
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